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7.1	 Introduction

This chapter examines water resources in the 
Murray–Darling Basin region in 2011–12 and over 
recent decades. It starts with summary information 
on the status of water flows, stores and use. This 
is followed by descriptive information for the region 
including the physiographic characteristics, soil types, 
population, land use and climate.

Spatial and temporal patterns in landscape water 
flows are presented, as well as an examination of 
the surface and groundwater resources. The chapter 
concludes with a review of the water situation for 
urban centres and irrigation areas. The data sources 
and methods used in developing the diagrams and 
maps are listed in the Technical Supplement.

7. Murray–Darling Basin
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7.2	 Key	information

Table 7.1 gives an overview of the key components of the data and information in this chapter.

Table	7.1	 Key	information	on	water	flows,	stores	and	use	in	the	Murray–Darling	Basin	region

Landscape	water	flows

Evapo-
transpiration

Landscape
water yield

Rainfall

Region average Difference from 1911–2012 
long-term annual mean

Decile ranking with respect to the 
1911–2012 record

651 mm +40% 10th—very much above average

559 mm +29% 10th—very much above average

65 mm +110% 10th—very much above average

Streamflow	(at	selected	gauges)

Annual total 
flow:

Predominantly above average flow throughout the region and numerous stream 
gauges in the upper Darling River with very much above average flow

Salinity: Annual median electrical conductivity predominantly below 1,000 μS/cm throughout 
the region

Flooding: Major floods in the upper Darling River and in the Lachlan and Murrumbidgee rivers

Surface	water	storage	(comprising	about	88%	of	the	region’s	total	capacity	of	all	major	storages)

Total 
accessible 
capacity

30 June 2012 30 June 2011 Change

accessible 
volume

% of total 
capacity

accessible 
volume

% of total 
capacity

accessible 
volume

% of total 
capacity

30,192 GL 25,230 GL 84% 22,006 GL 73% +3,224 GL +9%

Wetlands	inflow	patterns	(for	selected	wetlands)

Currawinya Lakes and 
Paroo River wetlands:

Very much above average flows in the normally wettest month of 
February and above average flows in December and March

Gwydir wetlands: Very much above average flows in November, December and February

Macquarie Marshes: Very much above average flows in March and April

Barmah–Millewa Forest: Very much above average flows in March, above average flows in July 
and August

Groundwater	(in	selected	aquifers)

Levels: Predominantly rising groundwater levels in the northern aquifers, 
variable to stable groundwater level trends in the southern aquifers

Salinity: Non-saline groundwater < 3,000 mg/L) in most aquifers in the uphill 
areas, mostly saline (≥3,000 mg/L) in the downhill basin aquifers

Urban	water	use	(Canberra)

Total sourced in 2011–12 Total sourced in 
2010–11

Change Restrictions

44 GL 41 GL +3 GL (+7%) Permanent Water 
Conservation Measures

Annual	mean	soil	moisture	(model	estimates)

Spatial patterns: Predominantly very much above average throughout the region, with 
some areas of above average in the south and east of the region

Temporal patterns in 
regional average:

Consistently very much above average during the year
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7.3	 Description	of	the	region

The Murray–Darling Basin region covers more than 
1,000,000 km2, one-seventh of mainland Australia, 
including all of the Australian Capital Territory and 
parts of Queensland, New South Wales, Victoria and 
South Australia (Figure 7.1). The region is bounded 
in the south and east by the Great Dividing Range. 
In the northwest and southwest, the boundaries are 
much less distinct, particularly in the Wimmera River 
basin to the southwest and the Paroo River basin in 
the northwest, which borders the Bulloo River basin 
of the Lake Eyre Basin region.

Vast inland plains, including the Darling and Riverine 
plains, and large areas of undulating hills dominate 
the region’s landscape. The region also includes the 
three longest rivers in Australia: the River Murray, 
Murrumbidgee River and Darling River. Subsections 
7.3.1 to 7.3.4 give more detail on the physical 
characteristics of the region.

The region has a population of over 2 million people 
or approximately 10% of Australia’s total population 
(Australian Bureau of Statistics [ABS] 2011b). The 
major population centre is Canberra/Queanbeyan. 
Other major towns are mostly located along 
the southeast of the region (Figure 7.1). Further 
discussion of the region’s population distribution and 
cities and towns can be found in subsections 7.3.6 
and 7.6.1 respectively.

Agriculture is the dominant economic activity in 
the region. Pasture, predominantly for livestock 
production, accounts for 75% of the land area of the 
basin. Important cropping activities include cereals 
(particularly wheat, barley and rice), oilseed, cotton, 
and horticulture (particularly citrus, stone and pome 
fruits, grapes and vegetables). Irrigated agriculture 
occupies a relatively small proportion of the region 
(2%) but is the major water user. More than half of all 
irrigation in Australia takes place in the region, which 
supports an agricultural industry that contributes 
about 40% to the gross value of irrigated agricultural 
production in Australia (ABS 2010). Section 7.7 has 
more information on agricultural activities in the 
region.

The region has a diverse range of climatic conditions 
and natural environments, from the cool temperate 
rainforests of the eastern uplands, to the drier more 
sparsely vegetated Mallee country of the southwest. 
There are subtropical areas to the northeast of the 
region and the far western plains are hot and semi-
arid to arid. Subsections 7.3.7 and 7.3.8 provide more 
information on the rainfall patterns and deficits across 
the region.

Monsoonal events in the north of the Murray–Darling 
Basin region and rainfall along the western slopes 
of the mountains in the northern part of the Great 
Dividing Range contribute to the flow in the Darling 
River. Much of the flow in the various tributaries 
of the River Murray originates from rainfall run-off 
and snowmelt in the south and southeast of the 
region. The headwaters of the Murrumbidgee River 
are in the Snowy Mountains area of the Kosciuszko 
National Park, whereas the headwaters of the River 
Murray, the Mitta Mitta River, and the Ovens River 
are in the Victorian Alps. The Broken and Goulburn 
rivers also contribute a substantial proportion to the 
flow in the middle reaches of the River Murray.

The region is divided into three broad hydrogeological 
subdivisions (Murray–Darling Basin Commission 
2008), namely:

•  the basinal aquifers in sedimentary deposits 
(Murray Basin and Great Artesian Basin) within 
the flatter landscapes;

•  the fractured rock aquifers in areas where the 
basement rock outcrops are present; and

•  valley-fill alluvium (including the mid-
Murrumbidgee and upper Namoi) in the 
highlands bordering the basin.
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Figure	7.1	 Major	rivers	and	urban	centres	in	the	Murray–Darling	Basin	region
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7.3.1 Physiographic characteristics

The physiographic map in Figure 7.2 indicates areas 
with similar landform histories that can be related 
back to similar geology and climatic impacts that 
influence erosion processes (Pain et al. 2011). The 
areas have distinct physical characteristics that 
impact on hydrological processes.

The Murray–Darling Basin region has five major 
physiographic provinces, namely:

•  Central Lowlands (37%): sand, clay and stony 
plains with low sandy hills;

•  Kosciuszkan Uplands (10%): moderately high 
mountains and detached hills with intervening 
alluvial valley floors;

•  New England–Moreton Uplands (7%): mainly 
undulating granitic plateaus and metamorphic 
ridges and shale lowlands; and

•  Macquarie Uplands (6%): granitic and basaltic 
tablelands with detached hills in the west.

The remaining two provinces occupy less than 3% of 
the region (Gulfs Ranges and Fitzroy Uplands).

Figure	7.2	 Physiographic	provinces	of	the	Murray–Darling	Basin	region
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7.3.2 Elevation

Most of the region’s landscape is dominated by 
vast inland plains and large areas of undulating 
hills, almost all lower than 200 m above sea level. 
The largest plains are the Darling Plain in the north, 
drained by the Darling River and its tributaries, and 
the Riverine Plain in the south, drained by the Murray 
and Murrumbidgee rivers and their tributaries.

The Murray–Darling Basin region has clear water-
divide boundaries in the south and east of the 
region formed by the Great Dividing Range. To the 
northwest and southwest, the boundaries are much 
less distinct, due to very low topography. Elsewhere, 
areas of low to medium altitude determine the 
region’s boundaries (Figure 7.3). Information was 
obtained from the Geoscience Australia website 
(www.ga.gov.au/topographic-mapping/digital-
elevation-data.html).

The region includes a large portion of the western 
flanks of the Great Dividing Range. It is here where 
most of the run-off is generated.

Figure	7.3	 Land	surface	elevations	in	the	Murray	Darling	Basin	region



8 Australian Water Resources Assessment 2012

Murray–Darling Basin

7.3.3 Slopes

Areas with steep slopes provide higher run-off 
generating potential than flat areas. The Murray–
Darling Basin region is generally flat, with some 
areas of steeper slopes along the southeast border 
(Table 7.2 and Figure 7.4). The slopes were derived 
from the elevation information used in the previous 
section.

Table	7.2		Proportions	of	slope	classes	for	the	region

Slope	class	(%) 0–0.5 0.5–1 1–5 >	5

Proportion of 
region (%)

51.4 16.2 22.7 9.7

These steep slopes provide opportunities to create 
large storages through the construction of relatively 
small dams. Major storages like Lake Hume, 
Lake Dartmouth and Lake Eildon now serve as an 
essential source of fresh water for the irrigation areas 
in the upper and lower River Murray.

Several large rivers flow through the flat plains of 
the region. In times of high flow volumes, water 
moves slowly and these rivers form vast floodplains 
over longer periods of time. When the flood waters 
retreat, what remains are numerous wetlands and 
lakes of various types that are distributed throughout 
the region, but are particularly prominent along the 
lower Darling River.

Figure	7.4	 Surface	slopes	in	the	Murray–Darling	Basin	region
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7.3.4 Soil types

Soils play an important role in the hydrological 
cycle by distributing water that reaches the ground. 
Water can be transported to rivers and lakes via the 
soil surface as run-off or enter the soil and provide 
water for plant growth as well as contributing 
to groundwater recharge. The nature of these 
hydrological pathways and the suitability of the 
soils for agricultural purposes are influenced by soil 
types and their characteristics. Soil type information 
was obtained from the Australian Soil Resource 
Information System website (www.asris.csiro.au).

About 85% of the Murray–Darling Basin region 
comprises four soil types, namely sodosols, 
kandosols, vertosols, and calcarosols (Figure 7.5).

Sodosols are widely found in the south, southcentral 
as well as eastern part of the region (Figure 7.6). 
These soils have a clear texture contrast, with a 
relatively impermeable, sodic and clay-enriched 
subsoil. Due to their soil dispersion and structural 
instability they are susceptible to tunnel and gully 
erosion as well as dryland salinity, if vegetation is 
cleared. Sodosols are mostly used for dryland crops 
and horticulture in the area.

Kandosols are dominant in the northwest of the 
Murray–Darling Basin region, but are also widely 
represented in the southeast of the region. These 
soils are often very deep (up to three metres or 

more), but do not have a strong texture contrast 
and colour change, and do not contain carbonate 
throughout their profile. Kandosols have a low to 
moderate agricultural potential with moderate water-
holding capacity and chemical fertility. These soils 
are mostly used for grazing in this region. When 
grazed, these soils are susceptible to surface soil 
degradation, such as hardsetting and crusting even 
under low grazing intensities.

Vertosols are stretched around the southcentral to 
north-central part of the region. These are brown, 
grey or black soils with high clay contents. They are 
highly fertile and have a large water-holding capacity. 
They, however, require a significant amount of water 
before it becomes available to plants. In the region 
they are used for dryland agriculture and horticulture. 

Calcarosols are the dominate soil type in the 
lower parts of the region and are mostly used for 
dryland crops and horticulture. These soils are often 
shallow with low water-holding capacity. They are 
characterised by a high calcium carbonate content, 
which occurs as soft or hard white fragments, or as 
solid layers. They have low to moderate agricultural 
potential and often high salinity levels. Alkalinity and 
boron toxicity may cause issues.

The soil types that have minimal representation 
in the Murray–Darling Basin region are tenosols, 
rudosols, dermosols, kurosols and ferrosols 
(between 0.5–4% of the total area).

Figure	7.5	 Soil	types	in	the	Murray–Darling	Basin	region

http://www.asris.csiro.au
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Figure	7.6	 Soil	type	distribution	in	the	Murray–Darling	Basin	region



11Australian Water Resources Assessment 2012

7.3.5 Land use

Agriculture is the dominant economic activity in the 
Murray–Darling Basin region. Pasture, predominantly 
for livestock production, particularly dryland sheep 
and cattle production, accounts for 75% of the 
land area of the basin (Figure 7.7 and Figure 7.8; 
data from data.daff.gov.au/anrdl/metadata_files/
pa_luav4g9abl07811a00.xml). Important cropping 
activities include cereals, oilseed, cotton, and 
horticulture such as fruits and vegetables. 

Although irrigated agriculture occupies a relatively 
small portion of the region (2%), it is the major water 
user in the basin.

More than 60% of all irrigation in Australia takes 
place in the Murray–Darling Basin region. This 
contributes to more than 40% of the total gross 
value of irrigated agricultural production in Australia 
(ABS 2010).

In 2011–12, cotton production accounted for the largest 
area of irrigated land in the region. Cotton production 
also used the largest volume of irrigation water. 
Irrigation areas are located in the Murrumbidgee, 
Murray, Lachlan, Goulburn, Broken, Loddon and 
lower Murray river basins to the south of the region, 
and the Condamine, Border, Gwydir, Namoi and 
Macquarie river basins to the north of the region.

Figure	7.7	 Land	use	in	the	Murray–Darling	Basin	region

http://data.daff.gov.au/anrdl/metadata_files/pa_luav4g9abl07811a00.xml
http://data.daff.gov.au/anrdl/metadata_files/pa_luav4g9abl07811a00.xml
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Figure	7.8	 Land	use	distribution	in	the	Murray–Darling	Basin	region
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7.3.6 Population distribution

The Murray–Darling Basin region has a population 
of over 2 million people, approximately 10% of 
Australia’s total population. It is home to Australia’s 
national capital, Canberra, which makes up 17% of 
the region’s total population. Figure 7.9 shows the 
spatial distribution of population density (ABS 2011b).

Many of the large population centres near the 
eastern and southern boundaries of the region 
provide support to the numerous agricultural 
districts of the basin.

These population centres are generally located in the 
valleys and on the alluvial plains of the many major 
rivers that feed the Murray–Darling River system.

Figure	7.9	 Population	density	and	distribution	in	the	Murray–Darling	Basin	region
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7.3.7 Rainfall zones

The Murray–Darling Basin region has a large range of 
climatic conditions and natural environments, from the 
rainforests of the cool and humid eastern uplands, 
the temperate Mallee country of the southwest, the 
subtropical areas of the northeast, to the hot and dry, 
semi-arid and arid lands of the far western plains. 
Median rainfall varies throughout the region.

As the region covers a large part of the continent, the 
rainfall zones correspond to a number of the major 
climate zones of Australia (Figure 7.10).

There is a north–south pattern of summer dominant 
to uniform to winter dominant annual rainfall. A 
second pattern in the rainfall zones is the high annual 
total rainfall in the east contrasted with the low 
annual total rainfall in the west. Higher rainfall totals 
in the west are directly related to the presence of the 
Great Dividing Range in this area and its proximity to 
the coast.

For more information on this and other climate 
classifications, visit the Bureau’s climate website: 
www.bom.gov.au/jsp/ncc/climate_averages/climate-
classifications/index.jsp

Figure	7.10	 Rainfall	zones	in	the	Murray–Darling	Basin	region

http://www.bom.gov.au/jsp/ncc/climate_averages/climate-classifications/index.jsp
http://www.bom.gov.au/jsp/ncc/climate_averages/climate-classifications/index.jsp
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7.3.8 Rainfall deficit

The rainfall deficit indicator (rainfall minus potential 
evapotranspiration) gives a general indication of 
which parts of the region are likely to experience 
moisture deficits over the period of a year. The 
Murray–Darling Basin region generally has a rather 
uniform pattern of substantial deficits over the whole 
region (Figure 7.11).

The only areas of rainfall excess are located in the 
southern ranges of the Great Dividing Range. It is 
where the major storages are located for the surface 
water supply of the Murrumbidgee and Murray 

irrigation areas. The irrigation areas themselves are 
located in the – 500 to –1,000 mm deficit range. 
The northern irrigation areas are also reliant on 
surface water to a large extent, but the overall lower 
availability of surface water has limited the potential 
of intensive irrigated agriculture in these areas 
compared to the south of the region.

For more information on the rainfall and 
evapotranspiration data, see the Bureau’s maps 
of average conditions: www.bom.gov.au/climate/
averages/maps.shtml

Figure	7.11	 Rainfall	distribution	in	the	Murray–Darling	Basin	region

http://www.bom.gov.au/climate/averages/maps.shtml
http://www.bom.gov.au/climate/averages/maps.shtml
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7.4	 Landscape	water	flows

This section presents analyses of the spatial and 
temporal variation of landscape water flows (rainfall, 
evapotranspiration and landscape water yield) 
across the Murray–Darling Basin region in 2011–12. 
National rainfall grids were generated using data 
from a network of persistent, high-quality rainfall 
stations managed by the Bureau. Evapotranspiration 
and landscape water yields were derived using 
the landscape water balance component of the 
Australian Water Resources Assessment System 
(Van Dijk 2010). These methods and associated 
output uncertainties are discussed in the Introduction 
and addressed in more detail in the Technical 
Supplement.

Figure 7.12 shows that the region has two rainfall 
maxima present in the historical rainfall data. This 
can be attributed to a wetter summer period in 
the north and a wetter winter period in the south. 
Evapotranspiration follows a similar pattern to rainfall, 
although it is also related to energy availability 
(temperature and solar radiation), which is higher in 
the summer period. The monthly landscape water 
yield history for the region shows a stable pattern of 
very low yield in all months, although it moderately 

increases over the July–September period.

The 2011–12 year started with four months of mostly 
average rainfall, which were followed by five wet 
months. For the remaining three months of the 
year rainfall was again close to average. The above 
average rainfall between November and March was 
a result of three major frontal systems, one at the 
end of November, one in the last week of January 
and a final one in late February/early March (see the 
National Overview chapter for more details).

Evapotranspiration in 2011–12 was generally 
consistent with rainfall, with close to median values 
for July–October, high values for November– March, 
returning to near median values for April–June. 
Despite high rainfall January recorded median 
evapotranspiration due to lower soil moisture levels.

The landscape water yield for 2011–12, relative to 
historical values, was very high for November–January 
and also high for February–March. The February 
and March peaks coincided with the end of the wet 
period when soil saturation levels were high.

Figure	7.12	 	Landscape	water	flows	in	2011–12	compared	with	the	long-term	record	(July	1911–June	2012)	for	the	Murray–
Darling	Basin	region
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7.4.1 Rainfall

Rainfall for the Murray–Darling Basin region for 
2011–12 is estimated to be 651 mm. This is 40% 
above the region’s long-term average (July 1911–June 
2012) of 465 mm.

Figure 7.13a shows that the highest rainfall occurred 
along the slopes of the Great Dividing Range in the 
east of the region, with annual totals for 2011–12 
exceeding 1,200 mm in some areas.

Rainfall in the western part of the region did not 
exceed 600 mm for 2011–12.

Rainfall deciles for 2011–12 indicate very much above 
average rainfall for 48% of the region over the course 
of the year (Figure 7.13b). Many of the region’s 
irrigation areas received above and very much above 
average rainfall, as did the upstream catchment areas 
from which they extract the water. An exception to 
this was the Wimmera district in the southwest of 
the region.

Figure	7.13	 	Spatial	distribution	of	(a)	annual	rainfall	in	2011–12	and	(b)	their	decile	rankings	over	the	1911–2012	period	for	
the	Murray–Darling	Basin	region
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Rainfall	variability	in	the	recent	past

Figure 7.14a shows annual rainfall for the region from 
July 1980 onwards. Over this 32-year period the 
annual average was 482 mm, varying from 305 mm 
(2002–03) to 780 mm (2010–11). Temporal variability 
and seasonal patterns since 1980 are presented in 
Figure 7.14b.

Total rainfall for 2011–12 was the second highest 
since 1980. As can be noted from Figure 7.14b, there 
has been an increase in rainfall in the summer period 
in recent years. This is in part attributed to a strong 
La Niña event in 2010–11 and the return of a slightly 
weaker La Niña event in 2011–12.

Figure	7.14	 	Time-series	of	(a)	annual	rainfall	and	(b)	five-year	retrospective	moving	averages	for	the	summer	(November–
April)	and	winter	(May–October)	periods	for	the	Murray–Darling	Basin	region
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Recent	trends	in	rainfall

Figure 7.15a presents the spatial distribution of the 
trends in annual rainfall for July 1980–June 2012. 
These are derived from linear regression analyses on 
the time-series of each model grid cell. The statistical 
significance of the trends is provided in Figure 7.15b.

The trend patterns indicate a decrease in rainfall for 
the southeastern border areas, which are areas with 
the highest rainfall totals.

In these areas, most of the rivers that feed the 
southern irrigation areas originate in the upper 
Murray and Murrumbidgee river basins.

The rising trends indicated as statistically significant 
in Figure 7.15b are largely a result of the high rainfall 
of the past two years.

Figure	7.15	 	Spatial	distribution	of	(a)	trends	in	annual	rainfall	from	1980–2012	and	(b)	their	statistical	significance	at	90%	
(weak)	and	95%	(strong)	confidence	levels	for	the	Murray–Darling	Basin	region
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7.4.2  Evapotranspiration

Modelled annual evapotranspiration for the Murray–
Darling Basin region for 2011–12 is estimated to be 
559 mm. This is 29% above the region’s long-term 
(July 1911–June 2012) average of 434 mm. The 
spatial distribution of annual evapotranspiration in 
2011–12 (Figure 7.16a) is similar to that of rainfall 
(Figure 7.13a).

Evapotranspiration deciles for 2011–12 indicate above 
average or very much above average totals across 
most of the region (Figure 7.16b). This coincides with 
the very much above average rainfall observed largely 
along the north and centre of the region (Figure 7.13b). 
Evapotranspiration is normally limited by water 
shortage in these areas; however, the very much 
above average rainfall of the last two years altered 
this pattern.

Figure	7.16	 	Spatial	distribution	of	(a)	modelled	annual	evapotranspiration	in	2011–12	and	(b)	their	decile	rankings	over	the	
1911–2012	period	for	the	Murray–Darling	Basin	region
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Evapotranspiration	variability	in	the	recent	past

Figure 7.17a shows annual evapotranspiration for the 
region from July 1980 onwards. Over this 32-year 
period the annual evapotranspiration average was 
446 mm, varying from 284 mm (2002–03) to 691 mm 
(2010–11). Temporal variability and seasonal patterns 
since 1980 are presented in Figure 7.17b.

Evapotranspiration shows a similar pattern as rainfall 
with the highest and third highest annual totals of the 
last 32 years for 2010–11 and 2011–12 respectively. 
The greatest increase occurred in the summer period 
with the five-year retrospective moving average of 
evapotranspiration peaking much higher than in the 
winter period (Figure 7.17b).

Figure	7.17	 	Time-series	of	(a)	annual	evapotranspiration	and	(b)	five-year	retrospective	moving	averages	for	the	summer	
(November–April)	and	winter	(May–October)	periods	for	the	Murray–Darling	Basin	region
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Recent	trends	in	evapotranspiration

Figure 7.18a presents the spatial distribution of the 
trends in modelled annual evapotranspiration for 
July 1980–June 2012. These are derived from linear 
regression analyses on the time-series of each model 
grid cell. The statistical significance of the trends is 
provided in Figure 7.18b.

Figure 7.18a shows that since 1980 trends are mostly 
rising in the centre and north of the region and more 
neutral in the rest of the region.

As shown in Figure 7.18b, the trends are generally 
only statistically significant in the far north and some 
smaller central parts of the region. In the south and 
northeast of the region the falling trends have no 
statistical significance.

As evapotranspiration is driven by the availability of 
moisture, the trends are related to the trend pattern 
in the rainfall shown in Figure 7.15a, especially with 
the high rainfall of the past two years.

Figure	7.18	 	Spatial	distribution	of	(a)	trends	in	annual	evapotranspiration	from	1980–2012	and	(b)	their	statistical	
significance	at	90%	(weak)	and	95%	(strong)	confidence	levels	for	the	Murray–Darling	Basin	region
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7.4.3 Landscape water yield

Modelled landscape water yield for the Murray–
Darling Basin region for 2011–12 is estimated to be 
65 mm. This is 110% above the region’s long-term 
(July 1911–June 2012) average of 31 mm. Figure 7.19a 
shows the spatial distribution of landscape water 
yield for 2011–12. Most landscape water yield is 
generated in the mountainous southeast of the 
region with large areas exceeding 400 mm.

The decile-ranking map for 2011–12 (Figure 7.19b) 
shows very much above average landscape water 
yields for 72% of the region; however, although very 
much above average, the largest proportion of the 
region remained below 50 mm of annual landscape 
water yield. Additionally, large parts of those 
areas that historically have the highest landscape 
water yields (the mountains in the southeast) only 
generated average to above average landscape water 
yields.

Figure	7.19	 	Spatial	distribution	of	(a)	modelled	annual	landscape	water	yield	in	2011–12	and	(b)	their	decile	rankings	over	
the	1911–2012	period	for	the	Murray–Darling	Basin	region
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Landscape	water	yield	variability	in	the		
recent	past

Figure 7.20a shows annual landscape water yield 
for the Murray–Darling Basin region from July 1980 
onwards. Over this 32-year period, annual landscape 
water yield was 34 mm, varying from 9 mm (2006–07) 
to 84 mm (2010–11). Temporal variability and seasonal 
patterns since 1980 are presented in Figure 7.20b.

The last two years have seen exceptionally high 
landscape water yield. Historically, most of the 
landscape water yield for the region is generated in 
the winter dominant rainfall areas in the southeast. 
It is therefore not surprising that the yields were 
consistently higher during the winter period compared 
to the summer period; however, the last two years 
have seen some very high intensity rainfall events in 
the summer period, which sparked the generation of 
landscape water yield throughout the whole region, 
including the southeast.

Figure	7.20	 	Time-series	of	(a)	annual	landscape	water	yield	and	(b)	five-year	retrospective	moving	averages	for	the	
summer	(November–April)	and	winter	(May–October)	periods	for	the	Murray–Darling	Basin	region
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Recent	trends	in	landscape	water	yield

Figure 7.21a shows the spatial distribution of the 
trends in modelled annual landscape water yield for 
July 1980–June 2012. These are derived from linear 
regression analyses on the time-series of each model 
grid cell. The statistical significance of the trends is 
provided in Figure 7.21b.

Since 1980, marginally rising trends are present over 
most of the region; however, they are not present in 
the normally high landscape water yield generating 
areas in the mountainous southeast.

The rising trends in landscape water yield are 
generally strongly significant in more extensive  
areas than those of rainfall and evapotranspiration. 
This is a consequence of the very much above 
average high annual totals of the last two years, 
which were unusual and therefore may have caused 
an overestimation of the trend. A more important 
change from a water availability point of view is 
that in the southeast some falling trends occurred, 
though these were not statistically significant.

Figure	7.21	 	Spatial	distribution	of	(a)	trends	in	annual	landscape	water	yield	from	1980–2012	and	(b)	their	statistical	
significance	at	90%	(weak)	and	95%	(strong)	confidence	levels	for	the	Murray–Darling	Basin	region
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7.5	 	Surface	water	and	
groundwater

This section examines surface water and groundwater 
resources in the Murray–Darling Basin region 
in 2011–12. Rivers, wetlands and storages are 
discussed to illustrate the state of the region’s 
surface water resources. The region’s watertable 
aquifers are described and the groundwater status is 
illustrated by showing changes in groundwater levels 
at selected sites.

7.5.1 Rivers

There are 28 river basins in the Murray–Darling Basin 
region, varying in size from 1,700 to 166,000 km2 
(Figure 7.22). The region is named after its two major 
rivers, the River Murray, which drains water from 
inland areas of southern New South Wales and 
northern Victoria, and the Darling River, which drains 
inland through southern Queensland and northern 
New South Wales. The River Murray and Darling River 
combine near Wentworth before discharging to the 
ocean via the Lower Lakes system in South Australia.

The Darling River (2,740 km), the River Murray  
(2,510 km) and the Murrumbidgee River (1,490 km) 
are the three longest rivers in Australia. Monsoonal 
events in the north of the basin contribute to a large 
portion of the flow from the north in the Darling 
River. The flow in the various rivers and tributaries 
of the River Murray originate from rainfall run-off or 
from snowmelt in the Great Dividing Range to the 
south and southeast of the region. This includes the 
headwaters of the River Murray and the Mitta Mitta, 
Kiewa, Ovens, Broken and Goulburn rivers in the 
Victorian Alps. The headwaters of the Murrumbidgee 
River lie in the Snowy Mountains area of the 
Kosciuszko National Park.

There are two types of rivers in the region: ephemeral 
and perennial. Ephemeral rivers, including the Paroo, 
Warrego and Culgoa rivers, generally originate in 
southwestern Queensland, whereas the perennial 
rivers usually start in the southeastern slopes of 
the Great Dividing Range. Ephemeral rivers in the 
Murray–Darling Basin region are usually slow-flowing 
and almost always carry notable silt loads.

Confluence of Murray and Darling rivers at Wentworth, New South Wales | Ashley Whitworth, Dreamstime
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Figure	7.22	 Rivers	and	catchments	in	the	Murray–Darling	Basin	region
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7.5.2 Streamflow volumes

Figure 7.23 presents an analysis of flows at 74 
monitoring sites during 2011–12 relative to annual 
flows for the July 1980–July 2012 period. Sites with 
relatively long records across 20 geographically 
representative rivers were selected (see Technical 
Supplement for details). The annual flows for 2011–12 
are colour-coded according to the decile rank at each 
site over the 1980–2012 period.

High run-off, generated in the upstream reaches of 
the rivers, caused above average to very much above 
average flows in many rivers in the central north and 
east of the Murray–Darling Basin region, whereas 
flows to the south and southeast tended to be more 
variable, and were sometimes average with some 
below average flows (Figure 7.23).

Very much above average flows were observed at 
14 monitoring sites located on rivers in the central 
north and some catchments in the central south of 
the region. Above average flows were recorded at 
35 monitoring sites distributed across the Murray–
Darling Basin region.

Average flows occurred at 19 sites in the region, 
which are mainly located on the eastern rivers and 
some rivers in the south of the region. Of the 74 
monitoring sites, there were only six below average 
flows recorded across the region in 2011–12. These 
six monitoring sites were located on the Avoca and 
Loddon rivers in the south, the Macintyre Brook 
and the Gwydir River in the northeast, and the Mitta 
Mitta River in the southeast of the region. 

Flow deciles in the summer (November 2011–
April 2012) were very similar to total annual flows 
for 2011–12 as shown in Figure 7.23. This is not 
surprising, given that the greatest volume of flows 
in the Murray–Darling Basin region occurred over 
the summer months. While flows in the central and 
eastern rivers of the region were above average over 
2011–12, flows in these rivers were even higher over 
the summer months compared with annual average 
conditions. There are a few monitoring sites that 
did not show this pattern, such as the lower flows 
observed in summer on the Tumut River and the 
River Murray downstream of the Hume Dam in the 
southeast of the region.

7.5.3 Streamflow salinity

Figure 7.24 presents an analysis of streamflow 
salinity at 142 monitoring sites throughout the 
Murray–Darling Basin region. Monitoring sites with 
at least a five-year data record were selected for 
analysis. The results are presented as electrical 
conductivity (EC), μS/cm at 25 °C). This is a 
commonly used surrogate for the measurement of 
water salinity in Australia. Standard EC levels for 
different applications, such as for drinking water 
or types of irrigation, are provided in the Technical 
Supplement. The median annual EC values are 
shown as coloured circles. The size of the circle 
depicts the variability in annual EC, shown as the 
coefficient of variation (CV), being the standard 
deviation divided by the mean.

The median EC values for most of the selected 
monitoring sites fall in the range 0–1,000 μS/cm 
(suitable for most irrigation uses). Of the 142 sites, 
80% had median EC values below 500 μS/cm and 
13% were between 500–1,000 μS/cm. Only 3% of 
the monitoring sites had a median EC above  
1,500 μS/cm (Figure 7.24).

Stream salinity was above 2,000 μS/cm at four of 
the 142 monitoring sites. These were from three 
monitoring sites on rivers and creeks in the southwest, 
and Houlaghans Creek in the Murrumbidgee River 
basin in the southeast of the region.

The salinity CV is typically related to the variability in 
annual flow at the monitoring site. It is high at some 
monitoring sites in the central, central south and 
eastern rivers in the Murray–Darling Basin region, 
whereas it is relatively low in many of the eastern 
rivers and at some monitoring sites in the River 
Murray in the central southwest of the region.

Of the 142 sites, 25% had a CV below 20%; 75% 
of the sites had a CV between 20% and 60%; and 
the CV was above 60% at only one of the 142 
monitoring sites, on the Wakool River in the central 
south of the region.
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Figure	7.23	 	Average	annual	and	summer	period	flow	volumes	of	selected	monitoring	sites	for	2011–12	and	their	decile	
rankings	over	the	1980–2012	period	in	the	Murray–Darling	Basin	region
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Figure	7.24	 Salinity	as	electrical	conductivity	and	its	associated	co-efficient	of	variation	for	2011–12	in	the	Murray–Darling	
Basin	region



31Australian Water Resources Assessment 2012

7.5.4 Flooding

Figure 7.25 presents an overview of the monitoring 
sites where the Bureau of Meteorology is measuring 
river levels in the Murray–Darling Basin region as 
part of the flood forecasting service. The highest 
river level reached during the year is expressed 
as one of four flood classification levels. These 
classification levels are established in consultation 
with emergency management and local agencies 
(see the Technical Supplement for details).

A number of major floods occurred during 2011–12 
mostly in the north and southeast parts of the region. 
The most significant flooding occurred during 
November 2011–March 2012, where catchments 
in inland southern Queensland and the upper to 
mid River Murray catchments received well above 
average rainfall.

In late November heavy rainfalls lead to flooding in 
northwestern New South Wales with floodwaters 
moving downstream towards the west and 
southwest along tributaries of the Darling River.

Major floods also occurred in the northern 
catchments of the Condamine, Warrego and Paroo 
rivers during December 2011 through to February 
2012 as a result of well above average rainfall in 
these areas.

In March 2012 high intensity, well above average 
rainfall in the south and west of the region resulted 
in major floods in the Lachlan, Murrumbidgee and 
the upper Murray rivers. These rivers flooded again in 
late June 2012. The Goulburn River and the upper and 
mid River Murray had a number of minor to moderate 
floods during much of the year.

River Murray floods, early  2012 | murrayriverguide.com.au
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Figure	7.25	 Flood	levels	for	the	Murray–Darling	Basin	region	in	2011–12
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7.5.5 Storage systems

There are over 70 major publicly owned storages 
in the Murray–Darling Basin region. In total, the 
capacity of all these storages exceeds 34,000 GL. 
This includes the storage systems of Snowy Hydro 
Limited and the Grampians Wimmera–Mallee 
(GWMW) Corporation, which are partly located 
outside the region but transfer most of their water 
to the Murray–Darling Basin region. The Bureau’s 
water storage information covers more than 88% of 
the region’s publicly owned storage capacity (as at 
August 2012). Storages in the region supply 17 rural 
water supply systems as well as the city of Canberra.

Table 7.3 is a summary of the major water supply and 
associated storage systems in the region, together 
with an overview of the storage levels at the end of 
2010–11 and 2011–12. The location of all the water 
supply systems and associated storages are shown 
in Figure 7.26.

Table 7.3 indicates that the larger systems 
experienced significant increases in storage 
volumes. This resulted in an 11% increase in total 
storage volume over the region. This is an important 
improvement in water supply security for most 
irrigation areas in the region. Some increases could 
also be partly caused by environmental water holders 
carrying over their allocations to be released some 
time in the future.

Further information on the past and present volumes 
of the storage systems and the individual storages 
can be found on the Bureau’s water storage website: 
water.bom.gov.au/waterstorage/awris/

Table	7.3	 	Major	publicly	owned	storage	systems	in	the	Murray–Darling	Basin	region	(as	at	August	2012).	‘Non-allocated’	
means	storages	not	allocated	to	a	particular	system

System	name System	type System	capacity Accessible	volume	
at	30	June	2011

Accessible	volume	
at	30	June	2012

Murray rural 7,441 GL 5,627 GL—76% 6,554 GL—88%

Snowy Hydro hydro /rural 5,302 GL 1,711 GL—32% 2,960 GL—56%

Goulburn rural 3,559 GL 3,056 GL—86% 3,159 GL—89%

Murrumbidgee rural 2,633 GL 2,454 GL—93% 2,485 GL—94%

Macquarie rural 1,523 GL 1,208 GL—79% 1,371 GL—90%

Gwydir rural 1,343 GL 671 GL—50% 1,282 GL—95%

Lachlan rural 1,253 GL 1,144 GL—91% 1,197 GL—96%

Namoi rural 873 GL 548 GL—63% 803 GL—92%

Wimmera–Mallee rural 662 GL 294 GL—44% 266 GL—40%

Border rivers rural 563 GL 559 GL—99% 520 GL—92%

Campaspe rural 304 GL 293 GL—96% 271 GL—89%

Loddon rural 213 GL 194 GL—91% 186 GL—87%

Canberra urban 205 GL 199 GL—97% 204 GL—100%

Upper Condamine rural 104 GL 103 GL—99% 87 GL—84%

St George rural 95 GL 94 GL—99% 91 GL—96%

Macintyre rural 69 GL 60 GL—87% 42 GL—61%

Broken rural 40 GL 40 GL—100% 40 GL—100%

Ovens rural 32 GL 23 GL—72% 24 GL—75%

Non-allocated — 3,979 GL 3,728 GL—94% 3,689 GL—93%

Total 30,192 GL 22,006 GL—73% 25,230 GL—84%

http://water.bom.gov.au/waterstorage/awris/
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Figure	7.26	 Major	water	supply	and	associated	storage	systems	in	the	Murray–Darling	Basin	region	(as	at	August	2012)
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7.5.6 Wetlands

Important	wetlands

There are a large number of wetlands of national and 
international importance in the Murray–Darling Basin 
region (Figure 7.27), encompassing a wide diversity 
of wetland types. The wetlands create a mosaic of 
temporally and spatially dynamic habitats within 
this part of Australia. The most spatially extensive 
wetland types in the region are river floodplains, 
which include lakes, swamps, lagoons and flooded 
forests. Another dominant type of wetland present 
in the region is the terminal wetland system of 
ephemeral rivers.

The river floodplains are particularly important for 
the conservation of large areas of river red gum 
forests as well as other woodland species. They 
are also important breeding grounds for threatened 
bird species. The swamps and lakes of the terminal 
wetland systems contain large areas of common 
reed and other water plant species that form ideal 
breeding and feeding grounds for many bird species 
as well as some rare fish species.

Inflows	to	selected	wetlands

The state of the biodiversity in a wetland is linked 
to the way water is stored within the area and 
the temporal variability of inflows. An analysis of 
historic and recent inflows into wetlands provides an 
informative picture of potential changes.

Five internationally recognised Ramsar wetland sites 
(Currawinya Lakes, Paroo River wetlands, Gwydir 
wetlands, Macquarie Marshes and the Barmah 
Forest) were selected for hydrological analysis of 
major inflows. More information about the region's 
wetlands is available from the Australian Directory 
of Important Wetlands (www.environment.gov.au/
water/topics/wetlands/database/diwa.html)

Four upstream monitoring sites were selected to 
enable analyses and interpretation of inflows to 
these five wetlands. The monitoring sites used in 
the analyses are the closest upstream monitoring 
sites that have suitable continuous, or almost 
continuous, discharge records since 1980, providing 
a comprehensive dataset for much of the freshwater 
surface-inflows to the wetlands. Though the analyses 
do not capture the total inflows they are indicative of 
the temporal patterns of flows to these wetlands.

Barmah Forest | Malcolm Watson
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Figure	7.27	 Location	of	important	wetlands	in	the	Murray–Darling	Basin	region
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Currawinya	Lakes	and	Paroo	River	wetlands

The Ramsar-listed Currawinya Lakes and Paroo 
River wetlands form a combination of wetlands fed 
by the largest free-flowing river in the region, the 
Paroo River (Figure 7.28). The wetlands are important 
nesting and feeding places for migrating birds. Since 
the area is semi-arid to arid, some unique flora is 
present amongst the permanent waterholes.

Daily flow data for the monitoring site on the Paroo 
River at Caiwarro provide a temporal pattern of 
freshwater inflows into parts of the Currawinya Lakes 
area and the Paroo River wetlands (Figure 7.29).

Figure	7.29	 Daily	flows	of	the	Paroo	River	at	Caiwarro	between	1980	and	2012,	ranked	in	decile	classes

Figure	7.28	 	Location	of	the	monitoring	site	
in	relation	to	Currawinya	Lakes	
and	Paroo	River	wetlands

Figure	7.30	 	Monthly	flows	at	the	Paroo	River	monitoring	
site	at	Caiwarro	from	2011–12	compared	with	
its	1980–2012	decile	rankings

Figure 7.29 presents an overview of the distribution 
of daily streamflow decile rankings. Since 1990, above 
average flows from December through to March 
provide a reliable source of inflows into the wetlands. 
This pattern was only interrupted by some dry years 
between 2000 and 2005. Before 1990, the very much 
above average flows had a more irregular pattern of 
occurrence with more frequent periods of very much 
below average flows during these months.

Figure 7.30 compares monthly flows from 2011–12 
with the statistics of flow statistics from 1980 
onwards. The February flows well-exceeded the 
ninth decile of the 32-year record and contributed 
substantial inflows to the wetlands.
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Gwydir	wetlands

The Gwydir wetlands are a terminal delta wetland 
complex of which a small area is Ramsar-listed 
(Figure 7.31). Land use change and river regulation 
have substantially reduced the extent of the original 
wetlands. The Ramsar-listed parts of the Gwydir 
wetlands mainly consist of grass/sedge meadows 
and wooded swamps and support some threatened 
bird species. The wetlands are important nesting and 
feeding places for migrating birds. 

Daily flow data for the monitoring site on the Gwydir 
River at Pallamallawa shows the temporal pattern of 
inflows to the wetlands (Figure 7.32).

Figure	7.32	 Daily	flows	of	the	Gwydir	River	at	Pallamallawa	between	1980	and	2012,	ranked	in	decile	classes

Figure	7.31	 	Location	of	the	monitoring	sites	in	
relation	to	the	Gwydir	wetlands

Figure	7.33	 	Monthly	discharges	at	the	Gwydir	River	
monitoring	site	at	Pallamallawa	from	2011–12	
compared	with	its1980–2012	decile	rankings

Figure 7.32 presents an overview of the distribution 
of daily streamflow decile rankings. Although 
sometimes interrupted, a period of high summer 
flows was present between 1980 and 2003. Since 
the summer of 2003–04 this pattern of inflows has 
been interrupted for most of the eight years to  
2011–12. Inflows in the summer of 2011–12 
eventually reverted back to longer periods of very 
much above average flows.

Figure 7.33 compares monthly flows from 2011–12 
with flow statistics from 1980 onwards. The 
November, December and February inflows well-
exceeded the ninth decile of the 32-year record and 
contributed a substantial amount of inflows to the 
wetlands.
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Macquarie	Marshes

The Ramsar-listed Macquarie Marshes form a 
combination of various wetland types, supporting a 
variety of habitats for various ecological communities 
(Figure 7.34). The marshes support river red gum 
woodlands, extensive reed beds and water couch 
marsh, all of which form large breeding grounds for 
many common as well as threatened bird species.

Daily flow data for the monitoring site on the 
Macquarie River at Warren Weir shows a temporal 
pattern of freshwater inflows into the marshes 
(Figure 7.35).

Figure	7.35	 Daily	flows	of	the	Macquarie	River	at	Warren	Weir	between	1980	and	2012,	ranked	in	decile	classes

Figure	7.34	 	Location	of	the	monitoring	site	
in	relation	to	the	Macquarie	
Marshes

Figure	7.36	 	Monthly	discharges	at	the	Macquarie	River	
monitoring	site	at	Warren	Weir	from	2011–12	
compared	with	its	1980–2011	decile	rankings

Figure 7.35 presents an overview of the distribution 
of daily streamflow decile rankings. From autumn 
2001, flows were frequently average or below average 
until August 2010. Prolonged low flow periods are 
not unusual, but over 2000–01 to 2011–12 longer 
than usual periods of very much below average flows 
occurred.

Figure 7.36 compares monthly discharges from 2011–12 
with flow statistics of flows from 1980 onwards. As 
can be seen, the flows for 2011–12 were particularly 
low during the normally high flow months of 
August–October.
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Barmah–Millewa	Forest	wetlands

The Barmah–Millewa Forest wetlands are separately 
listed as Ramsar sites for the Victorian and New 
South Wales sides of the River Murray (Figure 7.37). 
The wetlands contain the largest river red gum forest 
in Australia. They depend particularly on the irregular 
flooding of the River Murray. The wetlands include 
lakes, swamps, lagoons and flooded forest and they 
provide habitat for a large number of bird species.

Daily flow data for the monitoring site on the River 
Murray at Tocumwal provides a temporal pattern of 
inflows into the Barmah–Millewa Forest wetlands, 
particularly the frequency of potential flooding 
(Figure 7.38).

Figure	7.38	 Daily	flows	of	the	River	Murray	at	Tocumwal	between	1980	and	2012,	ranked	in	decile	classes

Figure	7.37	 	Location	of	the	monitoring	site	in	relation	to	
Barmah–Millewa	Forest	wetlands

Figure	7.39	 	Monthly	flows	at	the	River	Murray	monitoring	
site	at	Tocumwal	from	2011–12	compared	with	
its	1980–2012	decile	rankings	

Figure 7.38 presents an overview of the distribution 
of daily streamflow decile rankings. In the period 
between 2001 and 2009 environmental flow releases 
from Hume Dam were undertaken to prevent large 
parts of the forest from drying out. In particular, 
between 2007 and 2009 below average flows 
occurred after which the usually very much above 
average flows of spring returned.

Figure 7.39 compares monthly flows from 2011–12 
with the flow statistics from 1980 onwards. The 
normally highest September flows were average; 
however the high July, August and March flows to 
some extent contributed to inflows to the wetlands.
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7.5.7 Hydrogeology

As shown in the figure below (Figure 7.40), the 
Murray–Darling Basin region is divided into three 
broad hydrogeological subdivisions (Murray–Darling 
Basin Commission 2008), namely:

•  the basinal aquifers in sedimentary deposits 
(Murray Basin and Great Artesian Basin) within 
the flatter landscapes;

•  the fractured rock aquifers in areas where 
the basement rock outcrops (for example, 
Palaeozoic and pre-Cambrian Fractured Rock 
Aquifer); and

•  valley-fill alluvium (including the Mid-
Murrumbidgee and Upper Namoi) in the 
highlands bordering the region.

The Great Artesian Basin is the largest groundwater 
basin in Australia and underlies the northern portion 
of the region. It consists of a complex, multi-layered 
system of water-bearing sandstones separated by 
mostly shale and mudstone confining beds (Murray–
Darling Basin Commission 2008). It underlies the 
sand and clay sequences of the Murray–Darling 
Basin region that were laid down over the last 50 
million years. The Great Artesian Basin provides 
vital water resources for domestic and town water 
supply, for stock use by the pastoral industry, and 
water supplies for the operations of the mining and 
petroleum industries and associated communities.

The sedimentary aquifers within the region cover 
the main depositional areas of the Murray Geological 
Basin and the Darling River basin, including 
upstream reaches of other major rivers such as the 
Murrumbidgee and Lachlan rivers. The major aquifers 
within or at the margins of the Murray geological 
basin include the Shepparton, Calivil, Parilla-Loxton 
Sands, Murray Limestone and Renmark Group 
aquifers, and the upland alluvium of the Cowra and 
Lachlan formations. The important alluvial sediments 
of the Darling River basin include the Gunnedah and 
Narrabri aquifers.

Fractured rock aquifers occur in the highland areas 
around the margins of the region. In fractured rock 
aquifers, groundwater is stored in the fractures, 
joints, bedding planes and cavities of the rock mass. 
Although fractured rock aquifers are found over a 
large area, they hold a much lower groundwater 
volume than sedimentary aquifers. Due to the 
difficulty of obtaining high yields from fractured rock, 
the volume of groundwater extracted from any one 
bore and in a given area is relatively low.

7.5.8 Watertable salinity

Figure 7.41 shows the salinity of the watertable 
aquifer in the Murray–Darling Basin region as fresh, 
where (total dissolved solids [TDS] < 3,000 mg/L), 
or saline, where (TDS ≥ 3,000 mg/L). Generally, 
the shallow groundwater in the flatter alluvial plain 
in the region is saline, most likely due to high 
evapotranspiration and low rainfall recharge. In 
contrast, fresh groundwater resources occur at the 
higher elevation where rainfall recharge is higher.

Groundwater in the deeper aquifers is typically 
fresher than that of the watertable; often the majority 
of this groundwater is derived from a past wetter 
climatic period.

Watertable aquifer salinity levels have risen 
significantly since European settlement, largely 
due to the clearing of native vegetation, irrigation 
development and the consequent increase in recharge 
to groundwater systems (Barnett et al. 2004).
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Figure	7.40	 	Watertable	aquifers	in	the	Murray–Darling	Basin	region;	data	extracted	from	the	Groundwater	Cartography	of	
the	Australian	Hydrological	Geospatial	Fabric	(Bureau	of	Meteorology	2012)
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Figure	7.41	 	Watertable	salinity	classes	in	the	Murray–Darling	Basin	region;	data	extracted	from	the	Groundwater	
Cartography	of	the	Australian	Hydrological	Geospatial	Fabric	(Bureau	of	Meteorology	2012)
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7.5.9 Groundwater management units

Total groundwater use in 2010–11 was 511 GL, which 
was 8% of the surface water diversion in the region 
decreasing from 24% in 2009–10 (Murray–Darling 
Basin Authority 2012b). Since 1999–2000, when 
groundwater reporting started, groundwater use has 
been steadily rising, but there was a decline in the 
2010–11 reporting year. This was linked to high rainfall 
and wide spread floods which led to good surface 
water availability.

The Murray–Darling Basin Authority established 
long-term average sustainable diversion limits (SDL), 
which will come into effect in 2019, along with 
a range of other measures that will improve the 
management of water in the region. The SDL are 
limits on the volumes of water that can be taken for 
human uses (including domestic, urban, industrial 
and agricultural use) from both surface water and 
groundwater systems across the region.

The groundwater resources in the Murray–Darling 
Basin region have been split into 22 groundwater 
water resource plan (WRP) areas, which are 
further divided into a total of 87 SDL resource 
units, as shown in Figure 7.42 and Figure 7.43 
(Murray–Darling Basin Authority 2012a). These 
include seven groundwater SDL resource units for 
deep groundwater that lie beneath the other 80 
groundwater SDL resource units (Figure 7.43).

SDL resource unit boundaries, shown in Figure 7.42, 
were determined according to the types of aquifers 
present and the management boundaries used by 
the state jurisdictions. There is a volume allocated to 
each SDL resource unit in the draft Murray–Darling 
Basin plan. In some areas, there are SDL resource 
units that overlap one another. This occurs where 
SDL units have been set for discrete aquifers that 
overlie one another under the same area of land 
(Murray–Darling Basin Authority 2012a).
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Figure	7.42	 Groundwater	SDL	resource	units	as	at	31	August	2012	(Murray-Darling	Basin	Authority	2012a)
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Legend	of	Figure	7.42	Groundwater	SDL	resource	units	as	at	31	August	2012	(Murray–Darling	Basin	Authority	2012a)
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Figure	7.43	 Groundwater	SDL	resource	units	legend	as	at	31	August	2012	(Murray–Darling	Basin	Authority	2012)
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7.5.10 Status of selected aquifers

The status of groundwater levels is analysed at each 
bore throughout the Murray–Darling Basin region. 
This assessment evaluates trends in groundwater 
levels over the five-year period 2007–08 to 2011–12.

The trends in groundwater levels over the last five 
years are investigated using a 20 km x 20 km grid 
across data rich areas usually associated with the 
major sedimentary aquifers. This scale reflects the 
regional flow system of the aquifers in the region.

The linear trend in groundwater levels for each grid 
cell is assessed as:

•  decreasing (where more than 60% of the bores 
have a negative trend in levels lower than –0.1 
m/year); stable (where the trend is lower than 
0.1 m/year; and higher than – 0.1 m/year for 
more than 60% of the bores);

•  stable (where more than 60% of the bores have 
a trend lower than 0.1 m/year and higher than 
–0.1 m/year);

•  increasing (where more than 60% of the bores 
have a positive trend in levels higher than  
0.1 m/year); and

•  variable (where there is no dominant trend in 
groundwater levels amongst the bores within a 
grid cell).

Example bore hydrographs are presented for each 
aquifer type over the entire record length and trends 
are discussed with a focus on the 2007–08 to  
2011–12 period. The selected hydrographs are at 
key bores that have been chosen to assist in the 
analysis and reporting of groundwater trends. Where 
possible, the bore hydrographs presented are for the 
same bores used in the Groundwater Status Report 
2000 (Murray–Darling Basin Commission 2004).

Condamine	alluvium	aquifer

The map in Figure 7.44 illustrates the spatial and 
temporal trends in groundwater levels in the Condamine 
alluvium aquifer from 2007–08 to 2011–12. Many 
of the grid cells show an increasing trend in 
groundwater levels. In other cells, groundwater levels 
are variable or stable. The cells showing a variable 
trend indicate that, within a grid cell, no clear majority 
of bores has a specific trend.

For both the alluvial and basalt aquifers the increased 
rainfall in the last couple of years is associated with an 
increase in recharge in conjunction with a probable 
decrease in groundwater abstraction, due to surface 
water availability, and is the major driver of increasing 
groundwater levels. 

The hydrographs of selected bores 1 and 2 show a 
clear decline in groundwater levels after 1990 and 
a noticeable recovery in groundwater levels after 
2010; the reasons for this decline are explained in the 
above paragraph. Bore 3 shows an upward trend in 
water level for the entire period of record. This bore is 
located in the upper tributary of the Condamine River 
away from the main alluvial plain and away from 
major extraction bores. The long-term increasing 
trend is probably associated with anthropogenic 
factors such as land clearing.

Condamine	basalt	aquifer

The map in Figure 7.45 illustrates the spatial 
and temporal trends in groundwater levels in 
the Condamine basalt aquifer from 2007–08 to 
2011–12. All of the grid cells show a rising trend in 
groundwater levels over the past five years.

Selected bores 4 to 6 all show an increasing trend 
in groundwater levels. The hydrographs all have 
an increasing trend over the last five years. This 
reflects the local groundwater use and high rainfall 
in the past couple of years. The fluctuations in water 
level observed in Bore 5 are likely to be caused 
by seasonal groundwater extraction from nearby 
production bores.
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Figure	7.44	 	Spatial	distribution	of	trends	in	groundwater	levels	for	the	Condamine	alluvium	aquifer	for	2007–08	to	2011–12,	
with	selected	hydrographs	showing	groundwater	levels
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Figure	7.45	 	Spatial	distribution	of	trends	in	groundwater	levels	for	the	Condamine	basalt	aquifer	for	2007–08	to	2011–12,	
with	selected	hydrographs	showing	groundwater	levels
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Narrabri	and	Gunnedah	aquifers

Figure 7.46 and Figure 7.47 illustrate the spatial 
and temporal trends in the Narrabri aquifer and the 
associated underlying Gunnedah aquifer respectively. 

The water levels in bores within the Narrabri aquifer 
are generally increasing or stable, with some areas 
showing a variable trend within the 20 km x 20 km 
grid cells for the 2007–2012 period. Similarly, 
groundwater levels in the more permeable Gunnedah 
aquifer indicate an increasing or stable trend overall. 
There are a small number of cells that show variable 
or declining trends in water levels.

Bore 7 is located in the lower reaches of the Gwydir 
system. The hydrograph indicates an overall stable 
trend in groundwater level and no annual fluctuations 
in the groundwater level. Bore 8 is located in the 
lower Namoi SDL. The hydrograph shows that water 
levels in 2007–2012 are continuing the gradual long-
term decline. Bore 9 is located in the Coxs Creek 
region of the upper Namoi SDL. The groundwater 
levels show a minor recovery after 2010 with little 
annual fluctuation. These two bores, which report 
groundwater levels for the Narrabri aquifer, are most 
likely to be remote from the influence of groundwater 
abstraction or seasonal rainfall recharge.

Bore 10 is located in the Gwydir catchment and 
shows a very stable water level over the entire 
measurement period. Similarly, Bore 11 located at 
the western margin of the lower Namoi groundwater 
management unit shows stable groundwater levels 
for the entire record length. These three bores, 
which report groundwater levels for the underlying 
Gunnedah aquifer, are remote from the influence of 
groundwater abstraction or seasonal rainfall recharge.

Bore 12 is located in the lower Namoi groundwater 
management unit and shows a marked seasonal 
fluctuation in groundwater levels indicating the 
influence of seasonal cycles of abstraction and 
recovery of groundwater levels. This bore also shows 
a clear recovery in groundwater levels in 2012.

Cowra	and	Lachlan	aquifers

Figure 7.48 and Figure 7.49 illustrate the spatial and 
temporal trends in the Cowra and the underlying 
Lachlan aquifers respectively.

Generally the Cowra and Lachlan aquifers show 
increasing trends in groundwater levels within the 
grid cells for 2007–2012. This is in contrast to the 
2010 assessment where most of the grid cells 
presented decreasing trends in groundwater levels 
for the 2005–2010 period. The change in groundwater 
levels trends is driven by the increased rainfall and 
widespread floods which occurred since 2010 that 
have increased groundwater recharge and decreased 
dependence on groundwater abstraction.

Bores 13, 14 and 15 represent groundwater levels 
in the Cowra Subsystem while bores 16, 17 and 
18 represent groundwater levels in the Lachlan 
Subsystem. Bores 13 and 17, and also 15 and 18, are 
nested showing groundwater levels for the upper 
and lower aquifer at the same location. Groundwater 
fluctuation for these nested bores indicates a 
strong hydraulic connection between the Lachlan 
and overlying Cowra aquifers. Annual variations in 
groundwater level in these two aquifers are most 
likely due to the effects of cycles of groundwater 
abstraction and recovery of groundwater levels. 
All bores show a varying degree of declining trend 
in groundwater levels from 2000–2010 and a 
subsequent recovery in groundwater levels after 
2010. This is consistent with the recent widespread 
flooding in the last couple of years with the break of 
the millennium drought.
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Figure	7.46	 	Spatial	distribution	of	trends	in	groundwater	levels	for	the	Narrabri	aquifer	for	2007–08	to	2011–12,	with	
selected	hydrographs	showing	groundwater	levels
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Figure	7.47	 	Spatial	distribution	of	trends	in	groundwater	levels	for	the	Gunnedah	aquifer	for	2007–08	to	2011–12,	with	
selected	hydrographs	showing	groundwater	levels
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Figure	7.48	 	Spatial	distribution	of	trends	in	groundwater	levels	for	the	Cowra	aquifer	for	2007–2012,	with	selected	
hydrographs	showing	groundwater	levels
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Figure	7.49	 	Spatial	distribution	of	trends	in	groundwater	levels	for	the	Lachlan	aquifer	for	2007–2012,	with	selected	
hydrographs	showing	groundwater	levels
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Shepparton	aquifer

Figure 7.50 illustrates that groundwater levels for 
the Shepparton aquifer for the 2007–08 to 2011–12 
period have overall an increasing trend in the 
southwest of the aquifer and no majority of grid cells 
with a distinct trend in the southeast. Bore levels 
most likely respond to groundwater abstraction in 
the main groundwater management units as well as 
to the recent high rainfall and floods.

Hydrographs of three bores located within the 
Shepparton aquifers are presented in Figure 7.50. 
Bore 19 is located in the Lower Murray SDL in New 
South Wales. The hydrograph indicates a steady 
increasing groundwater level overall. Bore 20 is 
located in the Goulburn Murray SDL in Victoria; the 
hydrograph indicates a stable trend in groundwater 
level, with a slight decline in levels since the mid 2000s 
and a pulse of groundwater recharge producing a 
marked recovery in groundwater levels after 2010. 
The hydrographs also illustrate that the recharge 
event is already starting to disperse. The hydrographs 
indicate that these bores are not influenced by 
seasonal cycles of groundwater abstraction and then 
recovery of levels by seasonal rainfall recharge.

Bore 21 is also located in the Goulburn Murray SDL 
in Victoria, close to the River Murray and major 
irrigation areas where groundwater abstraction is 
high. The hydrograph shows an annual fluctuation of 
water level of up to 5 m. The high amplitude of water 
level fluctuation is due to the effects of seasonal 
groundwater abstraction. There is also a decline 
in levels since the mid 1990s–2010 followed by a 
recovery in groundwater levels. This recovery is 
linked to recent flooding and high rainfall.

Calivil	aquifer

The trend analysis illustrated in Figure 7.51 indicates 
that the density of bores in the Calivil aquifer with 
up to date groundwater level data is very poor —
there are very few grid cells with a trend calculated; 
however, the grid cells present indicate decreasing 
groundwater levels in the north and no majority 
of grid cells with a distinct trend in the south. The 
decline is likely to be the result of groundwater 
extraction as well as the fact that recharge due to 
recent rainfall and floods may not have fully reached 
the Calivil aquifer yet.

Hydrographs of groundwater levels in three bores 
located near the southern and western margins 
in New South Wales are presented in Figure 7.51. 
Bore 22 is located at the western (downstream) end 
of the lower Murrumbidgee SDL. The hydrograph 
shows stable groundwater levels since 1990. Bore 
23 is located near the River Murray at the western 
end of the lower Murray SDL in New South Wales. 
The water level trends over 2006–07 to 2009–10 
indicate a decline, followed by a minor recovery 
in groundwater levels after 2010. The decline is 
consistent with a response to pumping further to 
the east in the lower Murray groundwater SDL 
and the low rainfall in that period; the increase in 
groundwater levels is consistent with recent high 
rainfall.

Bore 24 is located near Deniliquin in the lower 
Murray SDL in New South Wales. The hydrograph 
shows considerable fluctuation in groundwater levels 
due to drawdown associated with groundwater 
extraction during the irrigation season and subsequent 
recovery when the extraction ceases in winter. There 
is a falling trend in groundwater level from the mid-
1990s followed by a recovery in groundwater levels 
after 2010 in response to recent high rainfall.
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Figure	7.50	 	Spatial	distribution	of	trends	in	groundwater	levels	for	the	Shepparton	aquifer	for	2007–08	to	2011–12,	with	
selected	hydrographs	showing	groundwater	levels
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Figure	7.51	 	Spatial	distribution	of	trends	in	groundwater	levels	for	the	Calivil	aquifer	for	2007–08	to	2011–12,	with	selected	
hydrographs	showing	groundwater	levels
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Murray	Group	aquifer

Figure 7.52 illustrates the spatial and temporal trends 
in the Murray Group aquifer. Note that many of the 
groundwater bores in the Murray Group in South 
Australia lie outside the Murray–Darling Basin region.

Generally the Murray Group aquifer shows stable or 
rising trends for the period from 2007–08 to  
2011–12, showing a change from the largely 
decreasing trends observed for 2005–06 to  
2009–10 (2010 Assessment).

Bore 25 in the Murray Group shows an annual 
fluctuation in the water levels, probably due to 
pumping at nearby wells, and has a slightly rising 
groundwater level since 2010. Bores 26 and 27 
present a very stable groundwater level over a long 
period of time (Figure 7.52).

Renmark	aquifer

Figure 7.53 illustrates the spatial and temporal trends 
in the underlying Renmark aquifer.

The Renmark aquifer is present at depth, and 
groundwater observation bores are widely spaced 
over the large area of the aquifer. Trends generally 
indicate a fall in Renmark groundwater levels in the 
west as observed in the 2010 Assessment; the 
effects of increased rainfall and flooding since 2010 
do not yet seem to be affecting the deep Renmark 
aquifer in most areas.

The hydrograph of bores 28 and 30 show a long 
term declining trend in groundwater levels with a 
recovery in levels since 2010. Annual fluctuations 
of water level of up to 10 m are visible in the 
hydrograph for Bore 28. The high amplitude of water 
level fluctuation is due to the effects of seasonal 
groundwater abstraction.

Bore 29 shows a very stable groundwater level over 
a long period (Figure 7.53).
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Figure	7.52	 	Spatial	distribution	of	trends	in	groundwater	levels	for	the	Murray	Group	aquifer	for	2007–08	to	2011–12,	with	
selected	hydrographs	showing	groundwater	level
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Figure	7.53	 	Spatial	distribution	of	trends	in	groundwater	levels	for	the	Renmark	aquifer	for	2007–08	to	2011–12,	with	
selected	hydrographs	showing	groundwater	level
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7.6	 Water	for	cities	and	towns

This section examines the urban water supply 
situation in the Murray–Darling Basin region in 
2011–12. The large urban centres in the basin, their 
water supply systems, and their storage situations 
are briefly described. The main urbanised areas, 
Canberra and Queanbeyan, are addressed in more 
detail and the history of water restrictions over 
recent years is discussed. A breakdown is provided 
for water obtained for and delivered to Canberra 
and Queanbeyan.

7.6.1 Urban centres

Located in the Murrumbidgee River basin in the 
Australian Capital Territory, Canberra, is the largest 
city in the region; however, with a population of 
356,000 people it ranks only seventh in terms of 
Australia’s major cities.

The major urban centres of the region (those with 
populations over 25,000 people) are summarised 
in Table 7.4. This table provides information on the 
population, surrounding river basin and significant 
water sources for each of the major urban centres in 
the region.

The region, often referred to as ‘Australia’s food bowl’, 
supports a significant percentage of the country’s 
food and fibre production. As such it is home to a 
number of Australia largest inland centres and cities, 
including Tamworth, Dubbo, Wagga Wagga and 
Albury in New South Wales and Mildura, Bendigo 
and Shepparton in Victoria. These cities, along with 
Canberra, are shown in Figure 7.54 together with 
their population ranges.

Table	7.4	 Urban	centres	and	their	water	supply	sources

City/town Population1 River	basin Major	supply	sources

Canberra 356,000 Murrumbidgee Cotter, Bendora, Googong and Corin 
storages and Murrumbidgee River

Toowoomba 94,000 Condamine–Culgoa Cooby Creek, Cressbrook and 
Perseverance storages

Bendigo 83,000 Loddon Lake Eppalock and Malmsbury and 
upper Coliban storages

Albury–Wodonga 77,000 Murray–Riverina and 
Kiewa

River Murray

Wagga Wagga 47,000 Murrumbidgee Murrumbidgee River and groundwater

Shepparton–Mooroopna 43,000 Goulburn–Broken Goulburn and Broken rivers

Queanbeyan 36,000 Murrumbidgee Cotter, Bendora, Googong and Corin 
storages and Murrumbidgee River

Tamworth 36,000 Namoi Chaffey storage

Orange 35,000 Macquarie–Bogan Suma Park and Spring Creek storages

Dubbo 32,000 Macquarie–Bogan Macquarie River and groundwater

Mildura 31,000 Mallee Mildura Weir

Bathurst 31,000 Macquarie–Bogan Chifley and Winburndale storages
1	Australian	Bureau	of	Statistics	(2011b)
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Figure	7.54	 Population	range	for	urban	centres	in	the	Murray–Darling	Basin	region
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7.6.2 Sources of water supply

The urban cities and towns of the region draw heavily 
on surface water to meet their water supply needs. 
This is drawn from the storages located throughout 
the region (see Figure 7.55). In some cases water 
supplies are taken by direct river extractions fed from 
upstream storage releases.

The region has in excess of 70 major public surface 
water storages, representing over 25% of the 
nation’s total surface water storage capacity. While 
much of the water stored is used for agriculture and 
hydroelectricity generation, it is also used to meet 
the demands of urban consumption.

Significantly, water stored within the region not 
only meets urban demands of the cities and towns 
located within it but also of cities and towns in 
the South Australian Gulf and South East Coast 
(Victoria) regions.

Dartmouth, Lake Eildon and Hume are, by volume, 
the three largest surface water storages in the 
region. However, in terms of urban supply the 
Cotter, Corin, Bendora and Googong storages play 
a more significant role, supplying Canberra and the 
neighbouring town of Queanbeyan.

Groundwater is an important source of water in the 
urban centres and towns not located near one of 
the major rivers. Also the supply of water via long 
pipelines has become essential for some towns, in 
particular Broken Hill. Recycled water continues to 
grow as an important source of water supply in  
the region.

7.6.3 Canberra and Queanbeyan

Canberra and Queanbeyan are located 150 km inland 
from Australia’s southeast coast and lie to the east of 
the Brindabella Ranges.

The water supply area is serviced by a bulk water 
supply and sewerage authority, ACTEW Corporation 
(operating as ACTEW Water), a retail utility ACTEW 
AGL and a local government (Queanbeyan City Council).

ACTEW Corporation is the Australian Capital Territory  
(ACT) Government-owned statutory body that owns 
and manages the Canberra water supply system. It 
controls surface water diversions, operates water 
treatment plants, maintains Canberra’s reticulation 
system and delivers water to Queanbeyan where 
water supply infrastructure is managed and 
maintained by Queanbeyan City Council.

In conjunction with the Australian Gaslight Company 
(AGL) the ACTEW  Water operates the retail energy 
and water utility ACTEW AGL which supplies urban 
demands and collects sewage throughout the ACT.

Supply	system

Figure 7.56 illustrates the major components of 
the Canberra and Queanbeyan urban water supply 
system. The key components of the system are four 
water storages, two water treatment plants and five 
wastewater treatment plants. Water is sourced from 
three catchments: the Cotter River catchment, the 
Murrumbidgee River catchment and the Queanbeyan 
River catchment.

Of the four major surface water storages operated 
by ACTEW Water, three are located on the Cotter 
River (Corin, Bendora and Cotter) and a forth on 
the Queanbeyan River (Googong). These storages 
provide a total accessible capacity of just over 200 
GL. At nearly 120 GL, Googong presently provides 
over half of the area’s total storage capacity.

In addition to its surface water storages, ACTEW 
extracts water from the Murrumbidgee River. The 
Murrumbidgee pump station facilitates the transfer 
extraction of up to 100 ML per day.
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Figure	7.55	 Storages	used	for	urban	water	supply	in	the	Murray–Darling	Basin	region
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Figure	7.56	 Water	supply	schematic	for	Canberra	and	Queanbeyan	
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Figure	7.57	 	Variation	in	the	amount	of	water	held	in	storage	over	recent	years	(light	blue)	and	over	2011–12	(dark	blue)	for	
Corin	and	Googong	storages,	as	well	as	total	accessible	storage	capacity	(dashed	line)

Corin

Googong

Storage	volumes

Figure 7.57 presents the total accessible volume 
held in Corin and Googong storages over the past 32 
years (July 1980 to June 2012) and clearly illustrates 
the impacts of the millennium drought with storages 
levels, particularly in Corin, reaching critically low 
levels in 2007–08.

A significant drawdown of Googong can be observed 
in late 2003–04 and is in part explained by a need to 
compensate for the decreased inflows and declining 
storages volumes in the Cotter River system.

A shift in climatic conditions in 2009 and a series of 
wetter years (including Australia’s wettest two-year 
period on record, 2010–2011) saw the storage levels 
recover from their historic lows. Continued good 
rainfall in the region’s catchments has seen storage 
levels maintained at or near capacity throughout 
2011–12.
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Water	restrictions	

ACTEW Water manages decisions about water 
restrictions for Canberra with Queanbeyan City 
Council applying the same decisions for Queanbeyan 
residents. Restrictions imposed in Canberra and 
Queanbeyan from 1999–2012 are shown against 
combined storage levels in Figure 7.58. The different 
stages of the restrictions are defined in the Utilities 
(Water Conservation) Regulation 2006 under the 
Utilities Act 2000 (ACT).

Until November 2002, Canberra had not experienced 
water restrictions since 1969. Voluntary Stage 1 
water restrictions were introduced in November 
2002 but were quickly replaced by mandatory Stage 
1 water restrictions when storage levels dropped 
below 55% accessible capacity.

Stage 3 water restrictions ware introduced in 
October 2003 and Permanent Water Conservation 
Measures were introduced in March 2006.

Stage 2 water restrictions were introduced in 
November 2006 due to very low storage inflows. 
They were quickly moved to Stage 3 restrictions in 
December 2006 as warm and dry weather conditions 
persisted. Stage 3 water restrictions continued until 
August 2010 and were in Stage 2 until October 2010. 
Due to higher water levels in dams, permanent 
water conservation measures were introduced in 
November 2010 and have continued since then.

Figure	7.58	 	Urban	water	restriction	levels	for	Canberra	and	Queanbeyan	since	1999	shown	against	the	combined	
accessible	water	volume	of	Googong	and	Corin	storages	
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Sources	of	water	obtained

Water supplied to Canberra and Queanbeyan comes 
from surface water and recycled water. Figure 7.59 
shows the total water supplied from both sources 
from 2005–06 to 2011–12. During this period, 
the maximum volume sourced for Canberra and 
Queanbeyan was in 2005–06. During that year, Stage 
2 water restrictions were replaced with permanent 
water conservation measures.

During 2006–07 and 2007–08, the volume of water 
supplied decreased as a result of Stage 2 and Stage 
3 water restrictions being introduced. Then, during 
the next two years, water supplied increased slightly 
and again dropped in following two years.

The use of recycled water increased over the period 
shown in Figure 7.59, being supplied primarily for 
commercial, municipal and industrial uses. Recycled 
water use was more than doubled from 2.1 GL in 
2005–06 to 4.6 GL in 2011–12.

Figure	7.59	 Total	urban	water	sourced	for	Canberra	and	Queanbeyan	from	2005–06	to	2011–12
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Categories	of	water	delivered

Figure 7.60 shows the total volume of water 
delivered between 2005–06 and 2011–12 to 
residential, commercial, municipal, industrial and 
other customers in Canberra and Queanbeyan areas. 
The figure shows that water consumption dropped 
over the seven-year period, despite a steady 
population growth.

The consumption pattern is a response to the 
water restrictions outlined above. When restrictions 
were eased and replaced by Permanent Water 
Conservation Measures in 2005–06, the consumption 

increased to 57 GL, but returned to 52 GL during 
2006–07, when Stage 2 followed by Stage 3 water 
restrictions were introduced. During the next five-
year period, the consumption was up and down 
due to various restriction levels and a likely change 
in water use habits. Residential water consumption 
was approximately 66%; commercial, municipal and 
industrial sector use was approximately 26%; and 
the remaining water was supplied for other uses.

Canberra and Queanbeyan’s per capita residential 
water use fluctuated between 202 litres/person/day 
(L/p/d) and 276 L/p/d during this period.

Figure	7.60	 Total	urban	water	supplied	to	Canberra	and	Queanbeyan	from	2005–06	to	2011–12
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7.7	 Water	for	agriculture

This section describes the water situation for 
agriculture in the Murray–Darling Basin region in 
2011–12. Soil moisture conditions are presented 
and important irrigation areas are identified. The 
Murrumbidgee, Coleambally and Murray irrigation 
areas are described in more detail and information 
is provided regarding surface water storage and 
groundwater.

7.7.1 Soil moisture

Since model estimates of soil moisture storage 
volumes are based on a simple conceptual 
representation of soil water storage and transfer 
processes averaged over a 5 km x 5 km grid cell, 
they are not suitable to compare with locally 
measured soil moisture volumes. This analysis 

therefore presents a relative comparison only, 
identifying how modelled soil moisture volumes of 
2011–12 relate to those of the 1911–2012 period, 
expressed in decile rankings.

Soil moisture for the majority of the Murray–Darling 
Basin region was above or very much above average 
during 2011–12 (Figure 7.61). This is explained by 
the high rainfall that occurred in the region that 
was above the 90th percentile for five consecutive 
months of the year.

This, combined with wet antecedent moisture 
conditions in the soil, resulted in very much above 
average soil moisture throughout the year, shown by 
monthly decile ranking in Figure 7.62. The prevalent 
wet conditions in the soil provided favourable 
farming opportunities in the region and reduced the 
requirement for irrigation.

Figure	7.61	 	Deciles	rankings	of	annual	average	soil	moisture	for	2011–12	with	respect	to	the	1911–2012	period	for	the	
Murray–Darling	Basin	region

Figure	7.62	 	Decile	ranking	of	the	monthly	soil	moisture	conditions	during	the	2011–12	period	with	respect	to	the	1911–2012	
period	in	the	Murray–Darling	Basin	region
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7.7.2 Irrigation water

A comparison of annual irrigation water use in 
various natural resource management areas across 
the Murray–Darling Basin region from 2005–06 to 
2010–11 and for 2011–12 only, is shown in Figure 7.63 
and Figure 7.64, respectively. The graphs indicate that 
the water use for 2005–06 to 2010–11 was highest in 
the Murrumbidgee River basin.

Water resource conditions and use in the 
Coleambally and Murrumbidgee irrigation areas in 
the Murrumbidgee River basin are considered in 
more detail in the following sections

7.7.3 Irrigation areas

Pasture, for dryland sheep and cattle production, 
accounts for 75% of the land area of the Murray–
Darling Basin region. The region produces one-third 
of Australian food supply. About 65% of all irrigated 
agriculture takes place in the region. This contributes 
$4.4 billion (or about 38%) to the total gross value of 
irrigated agricultural production in Australia  
(ABS 2011a). Prolonged periods of drought and 
expansion of irrigated agriculture in the region have 
resulted in the increase in groundwater use.

The largest irrigation areas in the region are located 
in the Murrumbidgee, Murray, Lachlan, Goulburn, 
Broken, Loddon and Lower Murray river basins in 
the south of the region, and the Condamine, Border, 
Gwydir, Namoi and Macquarie river basins to the 
north of the region (Figure 7.65).

The Murrumbidgee, Coleambally and Murray 
irrigation areas are described in more detail in 
subsections 7.7.5–7.7.7.

7.7.4 Murray Irrigation Area

The Murray Irrigation Area extends from Lake Mulwala 
in the east to Swan Hill in the west and is composed 
of Berriquin, Denimein, Deniboota and Wakool 
districts with a total area of 750,000 ha (Figure 7.65).

Two off-takes from the Murray flow network supply 
water to the 2,400 landholdings of the area. These 
are the Mulwala Canal off-take at Lake Mulwala and 
Wakool Canal off-take upstream of Stevens Weir on 
Edward River. The Mulwala Canal extends westward 
and has a capacity of up to 10 GL/day (Figure 7.65).

Water is returned back to the river system through five 
escapes at various points: the Edward River, Perricoota, 
Finley, Wakool River and Yallakool Creek escapes.

Water is provided to Murray Irrigation Limited which 
has a bulk water entitlement of about 1,500 GL. The 
typical annual water use is about 850 GL.

In 2011–12, 902 GL of water was delivered to 
irrigators. This was more than double the amount 
delivered in 2010–11 and more than five times 
greater than that in 2009–10. The company has 
reported delivery losses of 176 GL (Murray Irrigation 
Ltd 2012). The irrigators in the area also used 470 
GL of carry-over water. Rice-cropping was the major 
water user in the area.
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Figure	7.63	 	Total	annual	irrigation	water	use	for	2005–06	to	2010–11	for	natural	resource	management	regions	in	the	
Murray–Darling	Basin	region	(ABS:	2006–2010;	2011a)
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Figure	7.64	 Annual	irrigation	water	use	per	natural	resource	management	region	for	2010–11	(ABS	2011a)
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Figure	7.65	 Irrigation	areas	in	the	Murray–Darling	Basin	region
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7.7.5 Murrumbidgee River basin

The Murrumbidgee River basin is an 84,000 km2 area 
in the Murray–Darling Basin region with a diverse 
climate and distinct physical characteristics. About 
17% of the area is covered by native vegetation. 
Land use varies from sheep and cattle grazing, 
conservation reserves and residential areas in the 
upper catchment to irrigated agriculture, horticulture, 
dryland cropping, grazing and forestry in the mid to 
lower areas of the catchment.

The Murrumbidgee River basin uses over 22% 
of the total surface water diverted for irrigation 
and urban use in the region. Over 24% of the 
groundwater use in the region occurs in the 
Murrumbidgee River basin (Murrumbidgee 
Catchment Management Authority 2010).

Water sharing plans define water-sharing arrangements 
between the environment and water users in the 
regulated Murrumbidgee River basin. There are a 
number of categories of water licences that are 
assigned different priorities based on the intended 
use of water (New South Wales Office of Water 
2011). The majority of the water entitlements held 
within the Murrumbidgee River basin are general 
security entitlements. Priority is given to high 
security entitlements primarily used for horticultural 
and grape production.

An ‘Available Water Determination’ is set at the start 
of each financial year in terms of megalitres per 
share. The total number of shares held by a licence 
holder multiplied by the ML/share announced gives 
the volume of water credited to that licensee’s 
account, in addition to carry-over provisions.

Burrinjuck Dam is on the Murrumbidgee River and 
has a storage capacity of 1,000 GL. The Yass and 
Goodradigbee rivers flow into this dam. It is the 
headwater storage for the Murrumbidgee irrigation 
area. Built in 1928, the dam has undergone several 
remedial and upgrades, the last one being after the 
1974 floods.

Blowering Dam on the Tumut River, which was 
completed in 1969, has a storage capacity of 1,600 
GL. It is used for hydroelectric power generation in 
addition to the water being used for irrigation in the 
Murrumbidgee and Coleambally irrigation areas.

7.7.6 Murrumbidgee Irrigation Area

The Murrumbidgee Irrigation Area is located north 
of the Murrumbidgee River, between Leeton 
and Griffith (Figure 7.66). It occupies an area of 
approximately 660,000 ha (Murrumbidgee Irrigation 
Ltd 2011). It covers around 120,000 ha of intensive 
irrigation and 3,300 landholdings. The region contributes 
over $2.5 billion annually to the Australian economy.

Water is sourced from the Murrumbidgee River 
which is regulated from Burrinjuck and Blowering 
dams. The area is fed by two canals, the Main 
Canal and the Sturt Canal, diverting water from 
the Murrumbidgee River. The Main Canal receives 
water diverted at Berembed Weir to serve 
the Yanco, Leeton and Griffith areas and can 
accommodate flows of up to 6.5 GL/day. The Sturt 
Canal receives water diverted at Gogeldrie Weir to 
supply the Whitton and Benerembah areas and can 
accommodate flows of up to 1.7 GL/day.

There are also four drains returning water to the 
Murrumbidgee River on the lower eastern part of the 
districts, but the majority of water is being used and 
recirculated within the irrigation districts.

Most of the irrigation is carried out on the eastern 
side of the irrigation area through interconnection 
with the Mirrool Creek, which runs through the 
centre of the area. The excess water is stored in the 
Barren Box Swamp.

In 2011–12, a total of 855 GL was diverted for 
irrigation in the Murrumbidgee irrigation area, of 
which 753 GL was delivered to the irrigators. The 
area under irrigation increased by 12% compared 
with 2010–11 year. The water diversion and delivery 
also increased by 50% (Murrumbidgee Irrigation Ltd 
2012).

Surface	water	storage	inflows

Persistent rainfall during November 2011–March 2012 
led to high streamflow generation, which is shown by 
the average to very much above above average flow 
in the rivers in the region (Figure 7.23). Major floods 
occurred in Tumut and Murrumbidgee rivers during 
March 2012 and the river monitoring sites upstream 
of Blowering and Burrinjuck registered flows which 
were very much above average (Figure 7.67).
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Figure	7.66	 Murray,	Coleambally	and	Murrumbidgee	irrigation	areas

Figure	7.67	 	Monthly	flows	of	2012	compared	with	its	1980–2012	deciles	rankings	at	monitoring	sites	representative	for	
inflows	to	the	Blowering	(Tumut	River)	and	Burrinjuck	(Goodradigbee	River)	storages
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Figure	7.68	 	Variation	in	the	amount	of	water	held	in	storage	over	recent	years	(light	blue)	and	over	2011–12	(dark	blue)	for	
Blowering	and	Burrinjuck	storages,	as	well	as	total	accessible	storage	capacity	(dashed	line)

Surface	water	storage	volumes

After a long drought period, water levels in the 
Blowering and Burrinjuck storages started to rise 
gradually during 2010, and maintained a close to full 

capacity afterwards. There was a gradual decline in 
the water levels at the beginning of 2012. In March 
2012, increased flows to the storages, as a result of 
major floods in the area, caused the water volumes 
to rise to almost full capacity again (Figure 7.68).

Blowering

Burrinjuck
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7.7.7 Coleambally Irrigation Area

Coleambally Irrigation Area is located in the Riverina 
between Darlington Point and Jerilderie and covers 
more than 470,000 ha of which 79,000 ha is under 
intensive irrigation, 42,000 ha irrigation/dry farms 
and the remainder receive stock and opportunistic 
irrigation water. 

Coleambally Irrigation Limited delivers water supply 
to 473 farms owned by 364 business units. It also 
provides town supplies to the Murrumbidgee and 
Jerilderie Shires. They treat and supply water to the 
northern and southern districts of the Coleambally 
Irrigation Area. 

Coleambally irrigation water supply is also sourced 
from the Murrumbidgee River. The off-take is 
upstream of Gogeldrie Weir. The supply system 
is gravity fed through a main canal at the eastern 
side of the irrigation area. Flow is measured at 
500 locations through regulators and farm outlets 
at various intervals in a 500 km network of supply 
canals. Another 700 km of channels collect the 
drainage water from the network and are connected 
to three outfalls from the irrigation area.

In October 2011 Burrinjuck exceeded its storage 
capacity (Figure 7.68) and water was released to 
balance inflows. This, accompanied by heavy rainfall 
in the area (739 mm), maximised water allocations 
for 2011–12 and favoured the increase in summer 
crop yields, which reached the highest levels in the 
past five years. Flow is measured at 500 locations 
through regulators and farm outlets at various 
intervals in a 500 km network of supply canals.

In 2011–12, total water diversion into the Coleambally 
Irrigation Area was 427 GL out of which 39 GL 
was channel losses and 388 GL was delivered to 
irrigators. Groundwater use was 37 GL. The total 
irrigated crop area was 68,700 ha, of which 16,700 
ha was allocated to rice production (Coleambally 
Irrigation Co-operative Ltd 2012).

Local	hydrogeology

The Coleambally Irrigation Area provides an example 
of groundwater use in the Murray–Darling Basin 
region (Figure 7.69). In 2011–12, about 10% of the 
total registered water used for irrigation in the 
Coleambally Irrigation Area was groundwater.

The Coleambally Irrigation Area is located in the 
eastern part of the Murray Geological Basin and 
overlies the lower Murrumbidgee alluvial aquifer 
system that starts downstream of Narrandera and 
consists of unconsolidated alluvial deposits of sands, 
silts, clays and peat. The alluvial system is comprised 
of three main units: the unconfined shallow 
Shepparton aquifer, and the confined intermediate 
Calivil and deep Renmark aquifers. These last two 
aquifers are often in hydraulic continuity.

The lowermost Renmark aquifer consists of fluvial 
clays, silts and gravels overlying the basaltic bedrock. 
In the eastern part of the Murrumbidgee catchment, 
the Renmark aquifer has an average thickness of 
about 280 m (Lawson and Webb 1998).

Overlying the Renmark aquifer are the sands of 
the Calivil aquifer. They were deposited by and 
are thickest in the ancestral drainage channels 
of modern-day rivers. The Calivil aquifer varies in 
thickness from about 50–70 m and can extend to 
depths greater than 150 m. Of the three regional 
aquifer systems, the Calivil is the most productive.

The uppermost unit is the Shepparton aquifer, which 
is typically 20–60 m thick. The Shepparton aquifer 
comprises a series of fluvio–lacustrine clays, sands 
and silts. These sediments are laterally discontinuous 
and form a highly heterogeneous unconfined 
aquifer system. In the Coleambally Irrigation Area, 
the Shepparton aquifer can be clearly divided into 
two parts, the Upper (0–12 m deep) and Lower 
Shepparton (12–60 m deep).

Recharge and discharge to and from the shallow 
Shepparton aquifer occurs across the area and its 
heterogeneity and low overall hydraulic conductivity 
can inhibit lateral flow. Water movement through 
the deep aquifers is generally from east to west; 
however, groundwater flow near the production 
bores around Darlington Point can be quite 
complicated. Movement occurs under gentle gradients 
and is therefore very slow with estimated rates 
of around 7–10 m/yr (Lawson and Webb 1998). 
Recharge to deep aquifers occurs mainly from the 
Murrumbidgee River downstream of Narrandera and 
from vertical leakage from the Shepparton aquifer.
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Figure	7.69	 The	Coleambally	Irrigation	Area	with	groundwater	bore	sites		
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Influences	on	shallow	groundwater

Prior to irrigation, watertable levels were at depths 
of 15–20 m; however, due to recharge to the 
groundwater from inefficient irrigation practices, 
leaky channels and recharge from rainfall, a 
significant proportion of the area had watertable 
levels within two metres of the soil surface by the 
late 1990s (Coleambally Irrigation Co-operative 
Limited 2004). These levels have since subsided due 
to below average rainfall and reduced surface water 
allocations occurring in the last ten years; however, 
the recent high rainfall and widespread floods have 
caused a minor rise in groundwater levels.

Fluctuations in groundwater levels in the Upper 
Shepparton aquifer are shown in Figure 7.70. No 
seasonal fluctuations are visible due to the fact that 
only one measurement per year, in September, 
has been plotted for consistency with recent 
measurement frequency. Groundwater levels are 
averaged between different subregions of the 
Coleambally Irrigation Area: Argon, Boona, Coly  
and Yamma.

To investigate the drivers of the shallow groundwater 
level trends, fluctuations in groundwater levels are 
compared to the monthly cumulative rainfall residual 
at Coleambally Irrigation Station and to the monthly 
discharge of the Murrumbidgee River at Darlington 
Point (Figure 7.70). The locations are shown in  
Figure 7.69.

Periods in which the cumulative rainfall residual 
curve rises indicate wetter than average conditions. 
Periods with a falling trend indicate drier than 
average conditions. As shown, river discharge near 
the off-take for irrigation and rainfall are correlated 
with the observed trends in groundwater levels. 
Some peaks in surface water discharge and in the 
cumulative rainfall residual mass curve correspond 
to peaks in groundwater.

The most striking feature is the decline in groundwater 
levels from 2002 to 2010 driven by reduced irrigation 
and drier than average conditions corresponding to 
the falling trend in the rainfall cumulative residual 
curve (and hence less recharge). Groundwater levels 
have recovered since 2010 consistently with the 
raising trend in the rainfall cumulative residual curve. 
The recovery is still well below the levels pre-2002.

Groundwater	level

Groundwater level measurements are an important 
source of information about hydrological and 
anthropological influences on groundwater in an area, 
including recharge. Figure 7.71 shows groundwater 
levels recorded at two regional nested sites within 
the Coleambally Irrigation Area reaching all three 
aquifers.

Groundwater level fluctuations at Bore 36040 are 
similar in the Calivil and Renmark aquifers, indicating 
that the two are hydraulically connected. Fluctuation 
in groundwater levels show the effect of pumping 
during the irrigation season and the subsequent 
recovery during the winter months when pumping 
ceased. No recent data is available for the Calivil 
aquifer but groundwater levels for the Renmark 
aquifer indicate recovery of groundwater levels 
since 2010. The Shepparton aquifer at this location 
(Bore 36040.1) seems disconnected from the 
deeper aquifers. No major recovery in groundwater 
levels for the Shepparton aquifer is visible at this 
location. 

Groundwater levels at Bore 36372 show that the 
lower Shepparton aquifer is hydraulically connected 
to the Calivil aquifer and both are influenced 
by seasonal cycles of pumping and recovery. 
Groundwater levels in these two aquifers show a 
certain degree of recovery since 2010. The underlying 
Renmark aquifer shows strong effects of pumping 
for a short period at the end of 2009 and beginning 
of 2010 (Figure 7.71). Groundwater levels post-2010 
have not yet recovered to pre-2010 levels and no 
further effects of pumping are visible. It appears that 
there is no hydraulic connection between the Remark 
and Calivil aquifers at this location. The hydraulic 
gradient between the Shepparton and Calivil aquifers 
is downward but the gradient decreases post 2010 
as a result of increased recharge to groundwater in 
recent years.

Figures 7.72–7.75 show ranges of groundwater depth 
in Upper Shepparton, Lower Shepparton, Calivil and 
Renmark aquifers in the Coleambally Irrigation Area, 
and the ranking of 2011–12 median groundwater 
levels compared to annual median groundwater 
levels since 1990. The bores used are part of a 
network of bores that are monitored approximately 
annually by Coleambally Irrigation Co-operative 
Limited and regional bores seasonally monitored by 
the New South Wales Office of Water.
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	Figure	7.71	 	Groundwater	levels	between	2007	and	2012	recorded	at	selected	nested	bore	sites,	reaching	all	three	aquifers:	
(1)	Shepparton,	(2)	Calivil,	and	(3)	Renmark

Figure	7.70	 	Comparison	of	shallow	groundwater	levels	recorded	at	nested	bore	sites	with	rainfall	and	streamflow	in	
Coleambally	irrigation	sub-areas	(Coleambally	Irrigation	Co-operative	Limited	2004,	top	panel:	Argon	(yellow),	
Boona	(red),	Coly	(blue)	and	Yamma	(green)	sub-areas,	middle	panel:	cumulative	rainfall	residual	mass	at	
Coleambally	Irrigation	Station	74249,	lower	panel:	streamflow	in	Murrumbidgee	River	at	Darlington	Point)
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Groundwater levels in the Upper Shepparton and 
Lower Shepparton aquifers vary from deeper than 
10 m in the northeast and at the margin of the 
irrigation area to less than 2.5 m in the southeast 
of the irrigation area (Figure 7.72 and Figure 7.73). 
Importantly, groundwater levels are mostly deeper 
than 2.5 m. This indicates that the risk of groundwater 
salinisation of the shallow watertable is low.

The figures also show that median groundwater 
depths in 2011–12 are mostly below the average 
of recorded levels since 1990 within the irrigation 
area. This shows that even though wetter than 
average conditions occurred since 2010, recovery of 
groundwater levels has been small and groundwater 
levels are on average the deepest they have been in 
the past 21 years.

The sparse groundwater level data available for 
the regional Calivil and Renmark aquifers show 
that levels are all deeper than 10 m and median 
groundwater depths in 2011–12 are mostly at the 
average of recorded levels since 1990 (Figure 7.74 
and Figure 7.75)

Groundwater	quality	overview

During the 1960s, irrigation began in the Coleambally 
Irrigation Area with water diverted from the 
Murrumbidgee River upstream of Gogeldrie Weir 
near Darlington Point. Irrigated agriculture often 
leads to recharge of regional groundwater systems 
at rates greater than those the systems can absorb, 
resulting in the development of shallow watertable 
and causing salinity and waterlogging.

Salinity in the Calivil and Renmark aquifers is 
relatively low and generally increases from east 
near Narrandera to west around Hay along the 
Murrumbidgee River. In contrast, the shallow 
Shepparton aquifer is often very saline, especially 
under irrigation areas.

Irrigation induced salinity is a well known problem 
in many mature irrigation areas across Australia 
and internationally. The consequences of salinity in 
irrigation areas include production losses, increased 
production costs and damage to environmental and 
infrastructure assets in the region. The Coleambally 
Irrigation Area is prone to such salinity problems, but 
no groundwater salinity for 2011-12 year has been 
reported for this area. 

A groundwater site in the West Wimmera area, Victoria | Kate Morrison
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Figure	7.72	 	Median	groundwater	depth	for	the	upper	Shepparton	aquifer,	(a)	in	the	Coleambally	Irrigation	Area	in	2011–12,	
and	(b)	decile	ranks	of	depth	in	2011–12	compared	to	the	1990–2011	period.	Deciles	1–3	are	shown	as	below	
average	(greater	depth	below	surface),	deciles	4–7	as	average	and	deciles	8–10	as	above	average
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Figure	7.73	 	Median	groundwater	depth	for	the	lower	Shepparton	aquifer	(a)	in	the	Coleambally	Irrigation	Area	in	2011–12,	
and	(b)	decile	ranks	of	depth	in	2011–12	compared	to	the	1990–2011	period.	Deciles	1–3	are	shown	as	below	
average	(greater	depth	below	surface),	deciles	4–7	as	average	and	deciles	8–10	as	above	average
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Figure	7.74	 	Median	groundwater	depth	for	Calivil	aquifer	in	the	(a)	Coleambally	Irrigation	Area	in	2011–12,	and	(b)	decile	
ranks	of	depth	in	2011–12	compared	to	the	1990–2011	period.	Deciles	1–3	are	shown	as	below	average	(greater	
depth	below	surface),	deciles	4–7	as	average	and	deciles	8–10	as	above	average
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Figure	7.75	 	Median	groundwater	depth	for	Renmark	aquifer,	(a)	in	the	Coleambally	Irrigation	Area	in	2011–12,	and	(b)	
decile	ranks	of	depth	in	2011–12	compared	to	the	1990–2011	period.	Deciles	1–3	are	shown	as	below	average	
(greater	depth	below	surface),	deciles	4–7	as	average	and	deciles	8–10	as	above	average



88 Australian Water Resources Assessment 2012

Murray–Darling Basin

Erratum

Page 62 – Amendment

Table 7.4

Mildura–Buronga 33,400 Macquarie–Bogan Chifley and Winburndale storages

Page 79 – Amendment

Section 7.7.7 Coleambally Irrigation Area 

Coleambally irrigation water supply is also sourced from the Murrumbidgee River. The off-take is upstream of 
Gogeldrie Weir. The supply system is gravity fed through a main canal at the eastern side of the irrigation area. 
Flow is measured through 500 regulators at 1 km intervals in a 500 km network of supply canals. Another 700 
km of channels collect the drainage water from the network and are connected to three main outfalls where 
environmental flow is also supplied to the River Murray.

Page 81 – Deletion

Section 7.7.7 Coleambally Irrigation Area 

Groundwater level

Hydraulic gradient, and therefore groundwater flow, is downward. This may pose a risk to fresh groundwater at 
depth if the shallow groundwater is saline.

Page 83 – Amendment

Section 7.7.7 Coleambally Irrigation Area 

Groundwater quality overview

The Coleambally Irrigation Area is experiencing such salinity problems; however, no time-series data on 
groundwater salinity are currently available for further analysis.
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