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South East Coast (Victoria)

5.1	 Introduction

This chapter examines water resources in the South 
East Coast (Victoria) 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 an examination of 
the surface water 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.

5 South East Coast (Victoria)
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5.2	 Key	information

Table 5.1 gives an overview of the key components of the data and information in this chapter.

Table	5.1	 Key	information	on	water	flows,	stores	and	use	in	the	South	East	Coast	(Victoria)	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

842 mm +14% 9th—above average

648 mm +3% 7th —average

180 mm +68% 10th—very much above average

Streamflow	(at	selected	gauges)

Annual total 
flow:

Very much above average flow in the eastern half of the region, predominantly 
average in the western rivers

Salinity: Annual median electrical conductivity below 1000 μS/cm in the few gauges in the 
east and many rivers in the west with higher than 2000 μS/cm

Flooding: Major flooding in the eastern rivers in June 2012

Surface	water	storage	(comprising	about	73%	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

1,907 GL 1,346 GL 71% 1,078 GL 57% +268 GL +14%

Wetlands	inflow	patterns	(for	selected	wetlands)

Western District Lakes: Below average flows, particularly in the wet season  
(August to October)

Gippsland Lakes: Very much above average flows for much of the year

Reedy Lake–Lake 
Connewarre:

Predominantly average flows, with high flows in June 2012

Groundwater	(in	selected	aquifers)

Levels: Variable groundwater levels in the various aquifers throughout the 
region

Salinity: Large areas of saline groundwater (≥3,000 mg/L), particularly in the 
eastern aquifers

Urban	water	use	(Melbourne)

Total use in 2011–12 Total use in 
2010–11

Change Restrictions

361 GL 343 GL +18 GL (+5%) Eased to Stage 1

Annual	mean	soil	moisture	(model	estimates)

Spatial patterns: Above average soil moisture levels in the east, predominantly average 
in the west

Temporal patterns in 
regional average:

Above average in July 2011, dropping to average between October 
2011 and February 2012, then returning to above average in March 
2012
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5.3	 Description	of	the	region

The South East Coast (Victoria) region covers 
approximately 134,600 km² of land area in southern 
Victoria, bordered in the south by the Victorian 
and South Australian coastlines. It is set between 
the Great Dividing Range in the north, the eastern 
boundaries of the East Gippsland and Snowy River 
basins in the east and Mount Gambier and the 
Millicent coast of South Australia in the west.

The region’s river basins vary in size from 1,400 km² 
to 12,000 km². The region’s landscape varies 
from densely-forested mountainous areas in East 
Gippsland, undulating with numerous volcanic cones 
in the Hopkins River basin and flat with alluvial 
deposits in the Werribee River basin. Subsections 
5.3.1 and 5.3.4 give more detail on the physical 
characteristics of the region.

The region has a population of in excess of  
4.8 million people, almost one quarter of Australia’s 
total population, and includes the Victorian State 
capital, Melbourne (Australian Bureau of Statistics 
[ABS] 2011b).

Figure 5.1 highlights the major population centres in 
the region which include Geelong, Ballarat, Melton, 
Warrnambool and Sunbury. Further discussion of the 
region’s population distribution and urban centres 
can be found in subsection 5.3.6 and section 5.6 
respectively.

Although national parks and State forests occupy 
large portions (Figure 5.1), a significant amount of 
the region is cleared for grazing sheep and cattle. 
Hardwood timber production is a major industry in 
some river basins such as the Snowy, East Gippsland 
and Barwon. Dryland agriculture, particularly 
cereal cropping, is a major land use in some areas 
such as the Millicent coast. Irrigated agriculture is 
concentrated around storages in the Thomson and 
Werribee river basins. This includes irrigation districts 
at Lake Glenmaggie, Bacchus Marsh and Werribee. 

Extensive parts of some river basins, such as the 
Yarra River basin, are urbanised with agricultural 
production such as viticulture and market gardening. 
Section 5.7 has more information on agricultural 
activities in the region.

The climate of the region is affected by a seasonal 
movement of the major atmospheric systems in 
Australia, which brings warm temperate conditions. 
This merges with a moderate Mediterranean climate 
in the south. Subsections 5.3.7 and 5.3.8 provide 
more information on the rainfall patterns and deficits 
across the region.

There are numerous rivers and tributaries in the 
region, of which the Thomson, Macalister and 
Snowy rivers constitute the major streams. Others 
include the Glenelg, Bunyip, Latrobe, Hopkins and 
Maribyrnong rivers. Most of the river basins in the 
region have at least one major storage. Thomson 
storage in the Thomson River basin is the largest 
storage supplying surface water to the region.

The groundwater systems of the South East Coast 
(Victoria) region are relatively varied and complex. 
Hydrogeological features include the Otway basin, 
Port Phillip and Westernport basins, Gippsland basin 
and Tarwin basin, basement outcrops of fractured 
rock, and the karstic limestone area of the Murray 
Group aquifer in the northwest of the region. The 
basement fractured rock typically provides low 
groundwater yield. The basins can provide significant 
groundwater resources from permeable layers of 
sediments, limestone and fractured basalt. A more 
detailed description of the rivers and groundwater 
status in the region is given in section 5.5.
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Figure	5.1	 Major	rivers	and	urban	centres	in	the	South	East	Coast	(Victoria)	region

Yarra River, Melbourne | MoMorad (iStockphoto)
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5.3.1	 Physiographic	characteristics

The physiographic map in Figure 5.2 shows areas 
with similar landform evolutionary histories (Pain et 
al 2011). These can be related back to similar geology 
and climatic impacts which define the extent of 
erosion processes. The areas have distinct physical 
characteristics that can influence hydrological 
processes. The South East Coast (Victoria) region 
has two physiographic provinces, the Kosciuszkan 
Uplands and the Murray Lowlands.

The Kosciuszkan Uplands province occupies 73% 
of the region and has undulating upland plains with 
some tabular basalt relief and granitic rock outcrops 

in the northeast. The central portion comprises 
dissected high plateaus on various resistant rocks, 
with isolated high plains. The south coast has 
sandstone and granite hills with terraced plains on 
weak sedimentary and basalt rocks. The northwest 
has moderately high plateaus and ridges.

The Murray Lowlands province occupies 27% of 
the area and, in the southeast, has parallel dune 
limestone ridges with intervening swamps, closed 
karst depressions and young volcanoes. In the 
northeast there are aeolian and alluvial sand plains, 
minor low sandstone ridges. In the northwest there 
are coastal barriers, lagoons and calcareous dunes.

Figure	5.2	 Physiographic	provinces	of	the	South	East	Coast	(Victoria)	region
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5.3.2	 Elevation

Figure 5.3 presents the topography in the South 
East Coast (Victoria) region, which varies from alpine 
mountains in the northeast to low-lying coastal 
zones. The northwest is called the Limestone Coast 
and includes large plains lined by rows of sand hills 
parallel to the coast.

Information was obtained from the Geoscience 
Australia website (www.ga.gov.au/topographic-
mapping/digital-elevation-data.html). The region 
contains the most southern part of the Great Dividing 
Range on the Australian mainland. It includes some 

of the highest mountains in the Great Dividing 
Range, including Australia’s highest mainland 
mountain, Mount Kosciuszko.

To the west, the tilted sandstone formations of the 
Grampians form a north–south orientated series of 
parallel ridges, reaching altitudes of over 800 m. Only 
the southern parts of these ridges are located in the 
region.

The crest of the Great Dividing Range forms the 
northwest border of the region. Moving to the west, 
the altitude of the water divide that forms the border 
of the region gradually reduces to less than 100 m in 
the far west.

Figure	5.3	 Ground	surface	elevations	in	the	South	East	Coast	(Victoria)	region

http://www.ga.gov.au/topographic-mapping/digital-elevation-data.html
http://www.ga.gov.au/topographic-mapping/digital-elevation-data.html
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5.3.3	 Slopes

Areas with steep slopes provide higher run-off 
generating potential than flat areas. The South East 
Coast (Victoria) region has high variability in slopes 
(Table 5.2), with generally large areas of steeper 
slopes in relation to the rest of Australia. The slopes 
were derived from the elevation information used in 
the previous section. 

Table	5.2	 Proportions	of	slope	classes	for	the	region

Slope	class	
(%)

0–0.5 0.5–1 1–	5 >	5

Proportion of 
region (%)

27.4 15.3 30.1 27.2

Particularly in the northeast, the slopes in the Great 
Dividing Range are steep. Streamflow runs quickly 
into the many storages located in the area. South 
of this area, in the flat coastal areas, rivers form 
floodplains and coastal lakes (Figure 5.4).

To the west of Melbourne, many inland areas are 
rather flat. Water does not run off into large rivers, 
but rather forms small lakes and swamps. This 
landscape is even more distinct in the Limestone 
Coast, where the many swamps and lakes needed 
to be drained to transform the land into exploitable 
farmland.

Figure	5.4	 Surface	slopes	in	the	South	East	Coast	(Victoria)	region
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5.3.4	 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 83% of the South East Coast (Victoria) region 
is covered by five soil types, namely sodosols, 
chromosols, tenosols, dermosols and vertosols 
(Figure 5.5 and Figure 5.6).

The most common and widely spread soils for this 
region are sodosols (38%). They are characterised 
by an abrupt increase of clay as well as sodium 
with depth leading to dispersion and instability. 
Sodosols are prone to erosion, especially tunnel and 
gully erosion as well as dryland salinity. Due to the 
high sodicity and low permeability they have a low 
agricultural potential.

Chromosols are mainly found in the eastern part of 
the region, but also to some extent in the central 
western part of this region. Similarly to sodosols, 

chromosols have an abrupt increase in clay content in 
the soil profile. They have moderate chemical fertility, 
water-holding capacity and a moderate agricultural 
potential often used for wheat cropping as well as for 
grazing. Soil acidification and soil structural decline 
may occur on these soils.

Dermosols also have moderate and partly high 
agricultural potential due to their moderate chemical 
fertility, well structured and high water-holding 
capacity. They are widely spread in the central and 
eastern parts of the region.  

In the central to northern parts of the region tenosols 
are also common soil types. They have a weak profile 
development and with a low chemical fertility and 
water-holding capacity their agricultural potential is low.

Vertosols, soils with high clay contents throughout 
the profile are mainly found in western parts and 
to a small extent in central parts of the region. 
They have tendencies for soil cracks when dry and 
swelling during wetting, are highly fertile and have a 
large water-holding capacity. They, however, require 
a significant amount of water before it becomes 
available to plants.

Other soil types with small area coverage in this 
region are kurosols, podosols, ferrosols, rudosols, 
calcarosols as well as kandosols (Figure 5.6).

Figure	5.5	 Soil	types	in	the	South	East	Coast	(Victoria)	region

http://www.asris.csiro.au
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Figure	5.6	 Soil	type	distribution	in	the	South	East	Coast	(Victoria)	region
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5.3.5	 Land	use

National parks and State forests occupy large 
portions of the region, although the majority of the 
region is cleared for grazing sheep and cattle.  
Figure 5.7 presents land use in the regions 
(information from data.daff.gov.au/anrdl/metadata_
files/pa_luav4g9abl07811a00.xml). Hardwood timber 
production is a major industry in some river basins 
such as the Snowy, East Gippsland and Barwon river 
basins (Figure 5.8).

Dryland cropping such as cereals is scattered across 
the South East Coast (Victoria) region, mostly in the 
western part of the region.

Irrigation districts at Lake Glenmaggie, Bacchus 
Marsh and Werribee are the largest irrigated areas in 
the region. Viticulture and market gardening can be 
found in the Yarra district.

Figure	5.7	 Land	use	distribution	in	the	South	East	Coast	(Victoria)	region

Figure	5.8	 Land	use	in	the	South	East	Coast	(Victoria)	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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5.3.6	 Population	distribution

The South East Coast (Victoria) region has a 
population of just over 4.8 million people, with the 
largest concentrations located through its central 
corridor, and southern coastal areas. In particular the 
areas adjacent to Port Phillip and Westernport bays, 
which include the cities of Geelong, Melbourne and 
Frankston, are the most densely populated areas in 
the region. Figure 5.9 shows the spatial distribution 
of population density based on data from the 
Australian Bureau of Statistics [ABS 2011b].

Beyond the many towns dotted along the coastal 
fringe, the populations of the western and eastern 
extents of the region are clustered around centres 
supporting the major agriculture districts as well as 
mining and forestry. Ballarat, in the central north and 
Warrnambool in the coastal west are two major non-
metropolitan cities in the region.

Figure	5.9	 Population	density	and	distribution	in	the	South	East	Coast	(Victoria)	region
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5.3.7	 Rainfall	zones

The climate of the region is affected by a seasonal 
movement of the major atmospheric systems in 
Australia that brings warm temperate conditions. This 
merges with a moderate Mediterranean climate in 
the south.

This region receives most of its rainfall in winter. 
Median rainfall exceeds 250 mm throughout  
(Figure 5.10).

In the centre of the region, median annual rainfall is 
reasonably high (>800 mm) and is generally uniform 

throughout the year. The western half of the region 
receives winter dominant rainfall, ranging from  
250 mm in the northwest to over 800 mm in the 
east.The mountainous eastern part of the region 
receives a more uniform rainfall pattern over the year. 
Median rainfall amounts are moderate (500–800 mm) 
to high (>800 mm).

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

Figure	5.10	 Rainfall	zones	in	the	South	East	Coast	(Victoria)	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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5.3.8	 Rainfall	deficit

The rainfall deficit indicator, that is, rainfall minus 
potential evapotranspiration, gives a general 
impression about which parts of the region are likely 
to experience moisture deficits over the period of 
a year. The South East Coast (Victoria) region has a 
distinct rainfall deficit pattern.

Serious deficits can be expected in areas in the 
northwest. This area is mainly in use for dryland crop 
growing and pasture. Dryland crop growers in this 
area often face serious risks of water shortage. More 
centrally, rainfall deficits are less substantial.

Along the northeast border, most areas receive an 
abundance of water over the year (Figure 5.11). 
Rivers carry this water to the major storages in the 
region, which form a reliable source of water for the 
irrigation areas along the coast where slight deficits 
normally occur. They also form the major source of 
water for the city of Melbourne.

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

Figure	5.11	 Rainfall	deficit	distribution	in	the	South	East	Coast	(Victoria)	region

http://www.bom.gov.au/climate/averages/maps.shtml
http://www.bom.gov.au/climate/averages/maps.shtml
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5.4	 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 South East Coast (Victoria) 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 5.12 shows that the region has a seasonal 
rainfall pattern with a wetter winter and a drier 
summer period. Average monthly evapotranspiration 
totals show a different pattern from those of 
rainfall, particularly in the period between April and 
August. In this colder and wetter part of the year the 
energy availability for generating evapotranspiration 
is low. In spring, the energy levels increase and 

evapotranspiration normally exceeds rainfall. In 
summer, water availability becomes the limiting 
factor in large parts of the region. From March 
onwards, the evapotranspiration is limited by energy 
availability again. The monthly landscape water yield 
history for the region shows a pattern similar to 
rainfall.

The 2011–12 year was a year with high variability in 
all of the landscape water flows. Rainfall exceeded 
the 90th percentile in March and June 2012, but also 
had six months recording below median rainfall.

Evapotranspiration in 2011–12 also shows some 
variability compared with the historic pattern. 
The majority of the variability is related to rainfall, 
especially for the months in which water availability is 
typically limiting evapotranspiration.

The monthly landscape water yield for 2011–12 
exceeded the 75th percentile in seven months of 
the year. Two distinct periods stand out in March and 
June 2012, which are the highest and third highest 
totals for these months in the 101-year period. Many 
floods occurred in June, particularly in the eastern 
rivers.

Figure	5.12	 	Landscape	water	flows	in	2011–12	compared	with	the	long-term	record	(July	1911–June	2012)	for	the	South	
East	Coast	(Victoria)	region
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5.4.1	 Rainfall

Rainfall for the South East Coast (Victoria) region 
for 2011–12 is estimated to be 842 mm. This is 14% 
above the region’s long-term average (July 1911–
June 2012) of 737 mm. Figure 5.13a shows that the 
highest rainfall occurred in the mountainous east of 
the region with annual totals exceeding 1,800 mm in 
some areas. The majority of the western areas had 
rainfall not exceeding 900 mm for 2011–12.

Rainfall deciles for 2011–12 indicate very much above 
average rainfall for the majority of the east of the 
region over the course of the year (Figure 5.13b). In 
contrast, the west of the region had a distinctly dry 
year with large areas of below average rainfall and 
very much below average rainfall for the Hopkins 
River basin and the Victorian Volcanic Plains in the 
western part of the Barwon River–Lake Corangamite 
basin.

Figure	5.13	 	Spatial	distribution	of	(a)	annual	rainfall	in	2011–12,	and	(b)	their	decile	rankings	over	the	1911–2012	period	for	
the	South	East	Coast	(Victoria)	region
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Rainfall	variability	in	the	recent	past

Figure 5.14a shows annual rainfall for the region 
from July 1980 onwards. Over this 32-year period the 
annual average was 720 mm, varying from 570 mm 
(2002–03) to 964 mm (2010–11). Temporal variability 
and seasonal patterns since 1980 are presented in 
Figure 5.14b.

Figure 5.14a indicates that 2010–11 produced the 
highest and 2011–12 the third highest rainfall totals 
over the past 32 years. Figure 5.14b shows that the 
increase in rainfall over these years mainly happened 
in the summer period. The five-year moving average 
for the winter period shows a distinctly lower average 
for the years between 1997 and 2012 in relation to 
the first part of the 32-year reference period.

Figure	5.14	 	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	South	East	Coast	(Victoria)	region
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Recent	trends	in	rainfall

Figure 5.15a 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 5.15b. 

Figure 5.15a shows that trends in rainfall are only 
moderately decreasing in some areas in the centre of 
the region with a general pattern of marginal change 
in most parts of the region.

Figure 5.15b indicates that the trends are not 
statistically significant with the exception of a small 
area in the south of the Barwon River basin, where a 
strongly significant falling trend is identified.

Figure	5.15	 	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	South	East	Coast	(Victoria)	region
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Figure	5.16	 	Spatial	distribution	of	(a)	modelled	annual	evapotranspiration	in	2011–12	and	(b)	their	decile	rankings	over	the	
1911–2012	period	for	the	South	East	Coast	(Victoria)	region

5.4.2	 Evapotranspiration

Modelled annual evapotranspiration for the South 
East Coast (Victoria) region for 2011–12 is estimated 
to be 648 mm. This is 3% above the region’s long-
term (July 1911–June 2012) average of 629 mm. 
Similar to the spatial patterns in rainfall (Figure 5.13a), 
evapotranspiration was higher in the east than in the 
west (Figure 5.16a).

Evapotranspiration deciles for 2011–12 indicate large 
areas of very much above average totals to the east 
of the region (Figure 5.16b). Large areas in the west 
experienced average evapotranspiration, with some 
distinct areas of below average evapotranspiration 
present.
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Evapotranspiration	variability	in	the	recent	past

Figure 5.17a shows annual evapotranspiration for the 
region from July 1980 onwards. Over this 32-year 
period the annual evapotranspiration average was 
613 mm, varying from 470 mm (2006–07) to 733 mm 
(2010–11). Temporal variability and seasonal patterns 
since 1980 are presented in Figure 5.17b.

Annual evapotranspiration totals reflect 
those of rainfall, although with less variability. 
Summer periods only have marginally higher 
evapotranspiration than winter periods with no 
cyclic pattern identifiable. In contrast to rainfall, 
evapotranspiration is higher in the summer period, 
meaning that in the winter period, the lack of energy 
substantially limits evapotranspiration.

Figure	5.17	 	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	South	East	Coast	(Victoria)	region



21Australian Water Resources Assessment 2012

Figure	5.18	 	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	South	East	Coast	(Victoria)	region

Recent	trends	in	evapotranspiration

Figure 5.18a presents the spatial distribution of the 
trends in modelled annual evapotranspiration for 
1980–2012. 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 5.18b.

Figure 5.18a shows that since 1980, trends are 
weakly negative in the central part of the region and 
variable, but mainly neutral elsewhere.

As shown in Figure 5.18b, the trends are generally 
only statistically significant in small parts of the 
region, where trends are generally showing 
decreasing evapotranspiration. A particular case is 
Phillip Island, where Figure 5.18a indicates a weakly 
significant positive trend. In most of the area though, 
the trends have no statistical significance.
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Figure	5.19	 	Spatial	distribution	of	(a)	modelled	annual	landscape	water	yield	in	2011–12	and	(b)	their	decile	rankings	over	
the	1911–2012	period	for	the	South	East	Coast	(Victoria)	region

5.4.3	 Landscape	water	yield	

Modelled landscape water yield for the South East 
Coast (Victoria) region for 2011–12 is estimated to be 
180 mm. This is 68% above the region’s long-term 
(July 1911–June 2012) average of 107 mm.

Figure 5.19a shows the spatial distribution of 
landscape water yield for 2011–12.

In the mountainous east of the region, the landscape 
water yield relates directly to rainfall, which in turn 
relates closely to elevation (Figure 5.4).

The decile-ranking map for 2011–12 (Figure 5.19b) 
shows very much above average landscape water 
yields in the east. To the west, a more variable 
pattern is observed, with relatively higher decile 
rankings throughout, in comparison to the rainfall 
deciles in this part of the region.
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Landscape	water	yield	variability		
in	the	recent	past

Figure 5.20a shows annual landscape water yield for 
the South East Coast (Victoria) region from July 1980 
onwards. Over this 32-year period, annual landscape 
water yield was 103 mm, varying from 51 mm 
(2006–07) to 180 mm (2011–12). Temporal variability 
and seasonal patterns since 1980 are presented in 
Figure 5.20b.

As most landscape water yield is generated in the 
east of the region, both graphs generally refer to 
this area only. Many of the last 15 years have seen 
lower than average landscape water yields, which are 
mainly reflected in the substantially lower landscape 
water yields in the winter period, shown in  
Figure 5.20b.

Figure	5.20	 	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	South	East	Coast	(Victoria)	region
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Figure	5.21	 	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	South	East	Coast	(Victoria)	region

Recent	trends	in	landscape	water	yield

Figure 5.21a 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 5.21b.

Figure 5.21a shows that since 1980, trends are 
mostly in the neutral range between –2 and  
2 mm/year.

As shown in Figure 5.21b, the trends are generally 
only statistically significant in some small parts 
scattered throughout the region. In these areas 
trends are mostly falling, but considering their extent, 
they can be local artefacts in the input data of the 
model, such as rainfall, temperature or solar radiation.
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5.5	 	Surface	water	and	
groundwater

This section examines surface water and 
groundwater resources in the South East Coast 
(Victoria) 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 and salinity are described and the 
groundwater status is illustrated by showing changes 
in groundwater levels at selected sites.

5.5.1	 Rivers

There are 14 river basins in the South East Coast 
(Victoria) region, varying in size from 1,000 to  
33,000 km2 (Figure 5.22).

The Thomson, Macalister and Snowy constitute the 
major rivers. Others include the Glenelg, Bunyip, 
Latrobe, Hopkins, Mitchell, Yarra and Maribyrnong 
rivers.

River flows in the region generally show distinct 
variations in time, with streamflows showing both 
a seasonal pattern and substantial year-on-year 
variability in discharge. In all areas of the region, 
river flows decrease during the summer and autumn 
months. Rivers originating from the higher mountain 
ranges in the Great Dividing Range generally are 
perennial (that is, flow for most of the year) and 
are fed largely by interflow or groundwater flow. 
Ephemeral streams in the northwest of the region 
usually flow only from surface run-off after heavy 
rain.

Figure	5.22	 Rivers	and	catchments	in	the	South	East	Coast	(Victoria)	region
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5.5.2	 Streamflow	volumes

Figure 5.23 presents an analysis of flows at 38 
monitoring sites during 2011–12 relative to annual 
flows for the period from July 1980–July 2012. 
Monitoring sites with relatively long records across 
16 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.

The flows are mostly above average in the east and 
mostly average in the west and are commensurate 
with the modelled landscape water yield results 
shown in Figure 5.19b. 

The flows recorded in the Glenelg River are not 
reflected in the modelled landscape water yield 
results.

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 east and 
southeast of the South East Coast (Victoria) region. 
Very much above average flows were observed at 
17 monitoring site located on rivers in the eastern 
half of the region, which are fully reflected by the 
modelled landscape water yields. Above average 
total flows were recorded at five monitoring sites. 
These were mainly located on the rivers east and 
north of Melbourne as well as two sites in the west 
of the region.

Figure	5.23	 	Average	annual	and	summer	period	flow	volumes	of	selected	sites	for	2011–12	and	their	decile	rankings	over	
the	1980–	2012	period	in	the	South	East	Coast	(Victoria)	region
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Average flows occurred at 15 sites in the western 
half of the region. This is consistent with the average 
landscape water yields shown in Figure 5.19b. Of the 
38 monitoring sites, there was only one where below 
average flows were recorded in 2011–12. This one 
site was located on the Woady Yalock River in the 
central headlands west of Melbourne.

The pattern of flow deciles for the summer period 
(November 2011–April 2012) is similar to that for the 
total annual flows for 2011–12 as shown in Figure 
5.23. Though the pattern is similar, the decile values 
are lower in many instances, such as slightly lower 
flows observed in the summer period of 2011–12 in 
the western half of the region and some rivers to the 
east of Melbourne.

5.5.3	 Streamflow	salinity

Figure 5.24 presents an analysis of streamflow 
salinity for 2011–12 at 25 monitoring sites throughout 
the South East Coast (Victoria) region. The 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.

Figure	5.24	 	Salinity	as	electrical	conductivity	and	its	associated	coefficient	of	variation	for	2011–12	in	the	South	East	Coast	
(Victoria)	region
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The median EC values for 44% of the monitoring 
sites in the main rivers fall in the range  
0–1,000 μS/cm (suitable for most irrigation uses). 
More than half of the rivers and creeks shown for the 
region fall outside of this range (Figure 5.24) and the 
flows are less suitable for irrigation and many aquatic 
ecosystems.

Of the 25 monitoring sites included in the analysis, 
32% had median EC values below 500 μS/cm 
and 12% between 500–1,000 μS/cm. The other 
monitoring sites had median EC values above 1,500 
μS/cm. The higher median salinities occur in the 
western half of the region.

Stream salinity was above 2,000 μS/cm at eight 
of the 25 monitoring sites. These eight monitoring 
sites were located on the rivers in central southwest 
and central west of the region. The high salinity 
in the western river sites particularly Glenelg, 
Wannon, Dundas, Hopkins rivers, and Thompson and 
Birregurra creeks is influenced by saline aquifers, 
draining of wetlands, low flows, evaporation and poor 
agricultural practices (Metzeling 2001).

The CV is the expected variability of a measurement 
of EC value, relative to the annual mean of EC. The 
CV is high at some monitoring sites in the central 
southwest, west and in the Snowy River in the 
northeast. The CV is relatively low in the rivers of the 
central southeast and Lander Creek in the southwest 
of the region. The CV in EC in is typically related to 
the variability in annual flow at the monitoring site. Of 
the 25 monitoring sites 16% had a CV below 20%. 
Eighty-four percent of the sites had a CV between 
20% and 60%.

5.5.4	 Flooding

Floods are mainly caused by either localised high 
intensity rainfall (for example, thunderstorms) or 
prolonged periods of heavy rainfall (for example, 
frontal rainfall). While the first rainfall type often 
results in localised flash flooding, the prolonged 
rainfall events can cause sustained floods over  
larger areas.

The west and central parts of the South East Coast 
(Victoria) region typically have a seasonal winter 
dominated rainfall pattern whereas the eastern part 
of this region has a more uniform rainfall distribution. 
Flooding however can occur at any time during the 
year from rainfall associated with fronts and cut-
off low pressure systems. Both systems produce 
sustained rainfall and which can be often heavy at 
times, especially when these systems are slow 
moving. Thunderstorms can occur throughout the 
region.

Figure 5.25 shows locations where the Bureau 
monitors river levels as part of its flood forecasting 
service and the highest level reached during the year 
expressed in terms of flood classification level. These 
classification levels are established in consultation 
with emergency management and local agencies and 
are further described in the Technical Supplement.

A number of heavy rainfall events were recorded in 
this region over the period March–June 2012 causing 
several episodes of major flooding in the central and 
eastern part of this region.

Major flooding was observed for the Snowy River in 
March 2012. It was caused by two consecutive rain 
events occurring between the first to the ninth of 
March 2012, with a total rainfall of approximately 260 
mm.

A localised, but short-lived major flooding event 
occurred on the Barwon River at Ricketts Marsh 
in the eastern part of the region. It was caused 
by a strong torrential rainfall event with totals of 
approximately 280 mm rainfall between the 3–5  
June 2012.

Major to moderate flooding also occurred during 
this time in the eastern part of the region. Floods 
were caused by an intense east coast low pressure 
system which formed over the Tasman Sea. Rainfall 
totals on the 5 June 2012 exceeded 120 mm and 
triggered major flooding in the Latrobe, Thomson, 
Macalister, Mitchell and Snowy rivers damaging 
infrastructure and housing. A major impact of this 
event occurred when the bank of the Latrobe River 
broke and floodwaters flowed into the Yallourn  
open-cut coal mine with a significant interruption  
to its operation.
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Figure	5.25	 	Flood	occurrence	in	2011–12	for	the	South	East	Coast	(Victoria)	region,	with	each	dot	representing	a	river	level	
monitoring	station	and	the	colour	of	the	dot	representing	the	highest	flood	class	measured

5.5.5	 Storage	systems

There are approximately 50 major, publicly owned, 
storages in the South East Coast (Victoria) region 
with a total capacity in excess of 8,400 GL. Some 
major storages that are part of the Snowy Hydro 
storage system are located in the region, but are not 
accounted for in the region as the majority of the 
water from the Snowy Hydro scheme is transferred 
into the River Murray and Tumut River, which is part 
of the Murrumbidgee River basin. A similar structure 
is present in the Wimmera–Mallee irrigation scheme, 
which is located in the Murray–Darling Basin region, 
but is supplied by several storages located outside 
the region. 

Excluding the contribution of the Snowy Hydro and 
Wimmera–Mallee storages to the South East Coast 
(Vic) region results in a total capacity of about 2,600 
GL.  The Bureau’s water storage website includes 
information on approximately 73% of the region’s 
publicly owned storage capacities (as at August 2012) 
These storages are mostly allocated to supply the 
city of Melbourne. Table 5.3 gives a summary of the 
major 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 the systems and 
associated storages are shown in Figure 5.26.
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Table	5.3	 	Major	public	storage	systems	in	the	region	as	identified	in	the	Bureau	of	Meteorology’s	water	storage	
information	(August	2012),	with	‘non-allocated’	accounting	for	the	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

Melbourne* urban 1,812 GL 1,010 GL—56% 1,268 GL—70%

Non-allocated — 95 GL 68 GL—72% 77 GL—81%

Total 1,907 GL 1,078 GL—57% 1,346 GL—71%

*	The	Melbourne	system	includes	Thomson,	which	also	has	an	important	rural	supply	function

Figure	5.26	 	Storage	systems	in	the	South	East	Coast	(Victoria)	region	(information	extracted	from	the	Bureau	of	
Meteorology’s	water	storage	information	in	August	2012)

During 2011–12, the Melbourne supply system 
storage volumes increased by 14%. In particular, the 
Thomson, which comprises 68% of this system, 
has shown a persistent rise in water levels since 
June 2010. For the 2011–12 year, Thomson storage 
volumes rose from 41% to 64% of total accessible 
capacity.

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

http://water.bom.gov.au/waterstorage/


31Australian Water Resources Assessment 2012

Figure	5.27	 Location	of	important	wetlands	in	the	South	East	Coast	(Victoria)	region

5.5.6	 Wetlands

Important	wetlands

There are a large number of wetlands of national 
and international importance in the South East Coast 
(Victoria) region (Figure 5.27), encompassing several 
wetland types. Wetlands in the region include alpine 
bogs, fresh and saline lakes, coastal estuaries and 
bays.

The coastal lakes, lagoons and bays form the largest 
wetlands and attract a large number of common and 
threatened bird species. They also form the habitat 
for some rare fish and dolphins, in particular the 
recently-described Burrunan dolphin. The other major 
types of wetlands are the lakes and lagoons in the 
west of the region, which are mainly fed by small 
rivers and creeks. These provide important habitat 
for water birds, including a large number of duck 
species.

Inflows	to	selected	wetlands	

The state of 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 forms an informative 
picture of potential changes.

Two internationally recognised Ramsar wetland sites, 
Western District Lakes and Gippsland Lakes, as well 
as one nationally important wetland (Reedy Lake–
Lake Connewarre wetland complex) 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).

Nine upstream stream monitoring gauges were 
selected to enable analyses and interpretation of 
inflows to these three wetlands. The gauges used 
in the analyses are the closest upstream gauges 
that have largely continuous discharge records since 
1980. Though the analyses do not capture the total 
inflows, they are indicative of the temporal patterns 
of freshwater surface flows to these wetlands.

http://www.environment.gov.au/water/topics/wetlands/database/diwa.html
http://www.environment.gov.au/water/topics/wetlands/database/diwa.html
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Western	District	Lakes

The Ramsar-listed Western District Lakes form a 
combination of freshwater and hyper-saline lakes 
fed by local creeks and rivers. The wetlands are 
important habitats for many different species of 
waterbirds. Amongst the shores of the lakes, many 
different plant species cover vast areas of flat land.

Daily discharge data for the monitoring gauges on 
the Woady Yaloak River and Pirron Yallock Creek are 
combined to provide a temporal pattern of freshwater 
inflows into the Western District Lakes (Figure 5.28).

Figure	5.29	 	Combined	daily	flows	of	Woady	Yaloak	River	and	Pirron	Yallock	Creek	between	1980	and	2012,	ranked	in	decile	
classes

Figure	5.28	 	Location	of	the	monitoring	sites	in	relation	to	
Western	District	Lakes

Figure	5.30	 	Combined	monthly	flows	of	the	Woady	Yaloak	
River	and	Pirron	Yallock	Creek	from	2011–12	
compared	with	its	1980–2012	decile	rankings

Figure 5.29 presents an overview of the distribution 
of daily streamflow decile rankings. Since 1997, the 
normally very much above average flows in late 
winter and early spring have become substantially 
less. Additionally, the summer and autumn low 
flows became much more pronounced from this 
year onwards. The year 2010–11 was the only real 
exception to this pattern.

Figure 5.30 compares monthly discharges from 
2011–12 with the statistics of flows from 1980 
onwards. The 2011–12 flows were particularly low in 
the normally high flow season from August–October 
and failed to contribute a significant amount of 
freshwater to the lakes.
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Gippsland	Lakes

The Gippsland Lakes are a Ramsar-listed complex 
of lakes supplied by a number of rivers. Land-use 
change and river regulation have reduced the original 
wetland dynamics substantially, but due to the large 
size of the complex the original biodiversity remains 
largely intact. The lakes are home to many water 
birds as well as the rare Burrunan dolphin.

Daily discharge data for the monitoring gauges on 
the Latrobe, Thomson, Avon, Nicholson and Tambo 
rivers are combined to provide a temporal pattern of 
freshwater inflows into the lakes (Figure 5.31).

Figure	5.32	 	Combined	daily	flows	of	Latrobe,	Thomson,	Avon,	Nicholson	and	Tambo	rivers	between	1980	and	2012,	ranked	
in	decile	classes

Figure	5.31	 	Location	of	monitoring	sites	in	relation	to	the	
Gippsland	Lakes

Figure	5.33	 	Combined	monthly	flows	of	the	Latrobe,	
Thomson,	Avon,	Nicholson	and	Tambo	rivers	
from	2011–12	compared	with	its	1980–2012	
decile	rankings

Figure 5.32 presents an overview of the distribution 
of daily streamflow decile rankings. The last two 
years have seen much higher flows than the period 
1997–08 and 2009–10. Before this flows were 
noticeably higher, particularly between July and 
December. Figure 5.33 compares monthly discharges 
from 2011–12 with the statistics of flows from 1980 
onwards. The flows have been particularly high 
throughout most of the year and contributed a large 
amount of freshwater to the lakes.



34 Australian Water Resources Assessment 2012

South East Coast (Victoria)

Reedy	Lake–Lake	Connewarre	wetlands

The nationally recognised Reedy Lake–Lake 
Connewarre wetlands form a combination of 
freshwater swamps and shallow lakes, fed by the 
Barwon River. The estuary has been blocked off with 
a weir to prevent inflows of saline water. The lakes 
form the habitat for many common as well as some 
threatened waders and waterbird species.

Daily discharge data for the monitoring gauge on 
the Barwon and Moorabool rivers are combined to 
provide a temporal pattern of freshwater inflows into 
the lakes (Figure 5.34).

Figure	5.35	 Combined	daily	flows	of	the	Barwon	and	Moorabool	rivers	between	1980	and	2012,	ranked	in	decile	classes

Figure	5.34	 	Location	of	the	monitoring	sites	in	relation	to	
the	Reedy	Lake–Lake	Connewarre	wetlands

Figure	5.36	 	Combined	monthly	flows	of	the	Barwon	and	
Moorabool	rivers	from	2011–12	compared	
with	their	1980–2012	decile	rankings	

Figure 5.35 presents an overview of the distribution 
of daily streamflow decile rankings. Since 1997–98, 
the normally very much above average flows in late 
winter and early spring have become substantially 
less. Additionally, the summer and autumn low 
flows became much more pronounced from this 
year onwards. From 2010–11, the pre-1997–98 flow 
patterns returned to some extent.

Figure 5.36 compares monthly discharges from  
2011–12 with the flow statistics from 1980 onwards. 
The 2011–12 flows were particularly low in the 
normally high flow season from August–October and 
only contributed a substantial amount of freshwater 
to the lakes in July 2011 and June 2012.
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5.5.7	 Hydrogeology

The groundwater systems of the South East Coast 
(Victoria) region are varied and complex as shown 
in Figure 5.37. Hydrogeological features include, 
basement outcrops of fractured rock, sedimentary 
basin and the karstic limestone area of the Murray 
Group aquifer in southeast South Australia.

The region is bounded in the north by fractured rock 
groundwater systems that typically provide a low 
volume groundwater resource with the exception 
of the northwest area. In this part of the region 
the Murray Group aquifer provides a valuable 
groundwater resource.

High potential for groundwater extraction is provided 
by the aquifers associated with the Otway basin, 
Port Phillip and Westernport basins, Gippsland basin, 
and Tarwin basin in Southern Victoria (Southern Rural 
Water 2009). The volcanic basalt plains to the west of 
Melbourne are also a significant feature.

These aquifers are grouped in Figure 5.37 as:

•  lower Tertiary aquifer  
(porous media—unconsolidated);

•  lower mid-Tertiary aquifer  
(porous media—unconsolidated);

•  upper mid-Tertiary aquifer  
(porous media—unconsolidated);

•  upper Tertiary aquifer  
(porous media—unconsolidated); and

•  upper Tertiary/Quaternary aquifer  
(porous media—unconsolidated).

5.5.8	 Watertable	salinity

Figure 5.38 shows the classification of watertable 
aquifers as fresh (total dissolved solids ([TDS] < 
3,000 mg/L) or saline (TDS ≥ 3,000 mg/L). Most parts 
of the region are considered to have fresh water.  
No data are available for the New South Wales part of 
the region, which is primarily the fractured rock of the 
Lachlan Fold Belt.

5.5.9	 Groundwater	management	units

In the region, a number of groundwater areas have 
been established to protect underground water 
resources. Within these areas authorisation is 
required to access and/or construct works to take 
groundwater for certain purposes.

The groundwater management units within the 
region are presented in Figure 5.39. Most of the 
units are relatively small in area and are located near 
the coast, with the exception of some larger units at 
the western and eastern ends of the region.
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Figure	5.37	 	Watertable	aquifers	of	the	South	East	Coast	(Victoria)	region;	data	extracted	from	the	Groundwater	Cartography	of	the	
Australian	Hydrological	Geospatial	Fabric	(Bureau	of	Meteorology	2012)



37Australian Water Resources Assessment 2012

Figure	5.38	 	Watertable	salinity	classes	in	the	South	East	Coast	(Victoria)	region;	data	extracted	from	the	Groundwater	Cartography	
of	the	Australian	Hydrological	Geospatial	Fabric	(Bureau	of	Meteorology	2012)
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Figure	5.39	 	Groundwater	management	units	in	the	South	East	Coast	(Victoria)	region;	data	extracted	from	the	National	Groundwater	
Information	System	(Bureau	of	Meteorology	2013).	Management	units	identified	by	hatched	areas	are	for	deeper	
aquifers	that	may	be	confined	
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5.5.10	Status	of	selected	aquifers

The status of groundwater levels is analysed at each 
bore throughout the South East Coast (Victoria) 
region. The assessment of groundwater levels 
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 groundwater management units (see Figure 
5.39). This scale reflects the mostly regional flow 
system of the aquifers in the region. The linear trend 
in levels for a 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 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 2007–08 to 
2011–12. The hydrographs are for key bores that 
have been selected to assist in the analysis and 
reporting of groundwater trends by the Department 
of Sustainability and Environment across Victoria, by 
Southern Rural Water for the Gippsland and South 
West Victoria Groundwater Atlas and by the South 
Australian Department for Water for the Lower 
Limestone Coast Prescribed Wells Area.

Upper	aquifers

Figure 5.40 illustrates the spatial and temporal trends 
in groundwater levels, over 2007–08 to 2011–12, in 
the upper aquifers group which includes Quaternary 
and upper Tertiary aquifers. This grouping is based on 
the National Aquifer Framework (the Bureau 2012a) 
that builds on the Victorian Aquifer Framework. Many 
of the grid cells show a rising trend with some cells 
showing either a variable or stable trend with only a 
minority of cells showing a decreasing trend.

Selected bores 1 (Gippsland basin) and 3 (Otway 
basin) show a rising trend in groundwater levels over 
the last five years. This reflects the high rainfall and 
floods that occurred. Overall these bores show a 

long-term stable trend in groundwater levels with 
seasonal rises and falls which indicate good level 
recovery in the aquifer. Some winter peaks are 
more subdued in response to low rainfall. Step rises 
indicate groundwater response to recharge in high 
rainfall periods and to floods. In contrast, Bore 2 
shows a declining trend until 2010 and then a sharp 
rising trend in groundwater levels over the last two 
years. This reflects the local groundwater use and the 
high rainfall and floods that occurred in this period.

Middle	aquifers

Figure 5.41 illustrates the spatial and temporal trends 
in groundwater levels over 2007–08 to 2011–12, 
in the middle aquifers group which include upper 
middle and lower middle Tertiary aquifers. In the west 
of the region many of the grid cells show a stable 
trend, while in the rest of the region most of the 
grid cells show a rising trend with a minority of cells 
showing a variable or decreasing trend.

Selected bores 4 and 6 show a long-term declining 
trend in groundwater levels. The main factor driving 
this declining trend is likely to be reduced recharge. It 
should be noted that extraction and land use change 
may also contribute to localised declines. Bore 5 
shows overall a stable trend. Wetter conditions 
during 2009–10 to 2010–11 have led to some 
recovery of water levels in all bores.

Lower	aquifers

Figure 5.42 illustrates the spatial and temporal trends 
in groundwater levels, over 2007–08 to 2011–12, in 
the lower aquifers group which include the lower 
Tertiary aquifers. The grid cells do not show a clearly 
prevalent trend throughout the region. This probably 
reflects the low bore density in this aquifer group. 
However, there is a known long-term declining trend 
in the Gippsland lower Tertiary aquifer. Selected Bore 
7 shows a decline in groundwater level in the late 
1990s followed by a recovery in levels, and a more 
recent slow decline over the last five years. Bores 
8 and 9 show a long- term minor declining trend. 
Wetter conditions during 2009–10 to 2010–2011 have 
not led to any substantial recovery in groundwater 
levels, probably due to the slow response of these 
deep confined groundwater systems.
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Figure	5.40	 	Spatial	distribution	of	trends	in	groundwater	levels	for	the	upper	aquifers	in	the	South	East	Coast	(Victoria)	region	for	
2007–12,	with	selected	hydrographs	showing	groundwater	levels
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Figure	5.41	 	Spatial	distribution	of	trends	in	groundwater	levels	for	the	middle	aquifers	in	the	South	East	Coast	(Victoria)	region	for	
2007–12,	with	selected	hydrographs	showing	groundwater	levels
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Figure	5.42	 	Spatial	distribution	of	trends	in	groundwater	levels	for	the	lower	aquifers	in	the	South	East	Coast	(Victoria)	region	for	
2007–12,	with	selected	hydrographs	showing	groundwater	levels
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5.6	 Water	for	cities	and	towns

This section examines the urban water situation in 
the South East Coast (Victoria) region in 2011–12. The 
large urban centres in the region, their water supply 
systems and storage situations are briefly described. 
The main urbanised portion, the Melbourne water 
supply area, is presented in detail including its water 
supply systems, storage position, historical and 
current water restrictions, water sources and supply 
information.

5.6.1	 Urban	centres

With a population of about 3.7 million people, 
Melbourne is the largest and most populous city 
in the region and the second most populous city 
in Australia. The metropolitan area extends south 
from the city centre, along the eastern and western 
shorelines of Port Phillip Bay, and towards the north.

Geelong, located 75 km southwest of Melbourne, 
has a population of 144,000 people and is the 
region’s second most populous city.

Outside of its two major cities the region has a 
large number of other regional urban centres and 
towns. These, along with Melbourne and Geelong, 
are shown in Figure 5.43 in conjunction with their 
population ranges.

The major urban centres of the region with 
populations of over 25,000 people are summarised 
in Table 5.4, which provides information on the 
population, surrounding river basins and significant 
water storages for each of the major urban centres in 
the region.  

After Geelong the most notable of the major non-
metropolitan urban centres in the region are Ballarat 
and the Latrobe Valley.

The Latrobe Valley has a population of 125,000 
people and is located to the east of Melbourne. It has 
four major urban centres: Warragul, Moe, Morwell, 
and Traralgon. Population figures for the Latrobe 
Valley are not included in this table.

Ballarat with a population of 86,000 people is located 
in the lower western plains of the Great Dividing 
Range, about 100 km northwest of Melbourne.

Table	5.4	 Population	in	major	towns	and	cities	in	the	South	East	Coast	(Victoria)	region

City Population1 River	basin Major	supply	sources	

Melbourne 3,707,000 Yarra, Werribee, 
Maribyrnong and 
Bunyip

Thomson, Upper Yarra, Cardinia 

Geelong 144,000 Barwon Wurdee Boluc

Ballarat 86,000 Barwon Coliban storages, Lake Eppalock

Melton 46,000 Werribee Melton Reservoir

Sunbury 33,000 Maribyrnong Rosslyne Reservoir

Warrnambool 29,000 Hopkins Via pipeline from the Gellibrand 
River and various diversion weirs 
on creeks in the Great Otway 
National Park

Mount Gambier 25,000 Millicent Coast Blue Lake
1Australian	Bureau	of	Statistics	(2011b)
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Figure	5.43	 Population	range	of	major	urban	centres	in	the	South	East	Coast	(Victoria)	region
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5.6.2	 Sources	of	water	supply

Like much of Australia, the cities and towns of the 
South East Coast (Victoria) region rely on surface 
water as the major source of supply. The region has 
over 20 major water storages, each with a capacity 
greater than 1 GL, and the majority of these are 
within Victoria.

While Lake Eucumbene, located in the northwest, is 
the largest storage in the region and the third largest 
in Australia, the Thomson storage in the central north 
is the largest storage of the region with the primary 
use being for urban supply.

The Thomson primarily supplies the Melbourne 
metropolitan region and is the third largest water 
storage connected to a major city in Australia. The 
storage also supplies a number of small towns 
and, more significantly, irrigation demands across 

a number of the regions irrigation districts. The 
Thomson, along with other major surface water 
storages in the region, is shown in Figure 5.44.

In addition to surface water storages the region 
utilises direct river extractions (including extractions 
of upstream storage releases), groundwater, 
desalination, recycled water, and harvested storm 
and rainwater to supply the urban demands of the 
region.

Groundwater extractions form a reliable source 
of supply in the western part of the region where 
surface water extractions from the Grampians and 
Otway Ranges catchments can be variable.

Two major wastewater treatment plants on the 
eastern and western extremities of metropolitan 
Melbourne supply significant quantities of recycled 
water to adjacent areas.

Figure	5.44	 Urban	supply	storages	in	the	South	East	Coast	(Victoria)	region



46 Australian Water Resources Assessment 2012

South East Coast (Victoria)

5.6.3	 Melbourne

The Melbourne metropolitan area is serviced by four 
major water corporations. These comprise three 
retail suppliers (City West Water, Yarra Valley Water 
and South East Water) and a bulk water supplier 
(Melbourne Water). Melbourne’s water supply and 
wastewater system are summarised in Figure 5.45.

Formed under Victoria’s Water Act 1989, these 
corporations manage Melbourne’s surface water 
supply catchments, storages, water treatment plants, 
storages and supply networks. These corporations 
are owned by the Victorian Government but managed 
by independent boards of directors.

Melbourne Water supplies bulk water to the 
metropolitan retailers as well as selling water to the 
regional urban water corporations of Western Water 
and Gippsland Water.

In addition to its bulk water supply role Melbourne 
Water operates a number of Melbourne’s wastewater 
treatment plants, including its two largest, the 
Eastern and Western treatment plants, and manages 
waterways and major drainage systems in the Port 
Phillip Bay and Westernport areas.

Yarra Valley Water is the largest of the three retail 
water utilities and provides water supply and 
sewerage services to over 1.6 million people and over 
50,000 businesses in the Yarra River basin part of the 
Melbourne water supply area

City West Water is the second largest of the three 
retail water utilities in the Melbourne water supply 
area. It provides drinking water and recycled water 
services to customers in Melbourne’s central 
business district as well as to the inner and western 
suburbs, and manages sewerage and trade waste.

Figure	5.45	 Melbourne’s	major	water	supply	and	waste	water	system
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South East Water provides water supply services 
including recycled water to residents, businesses, 
industry and councils in Melbourne’s southeast. It 
manages and maintains the water and sewerage 
networks and some treatment plants. It also 
manages a network of parks as well as cultural 
assets, bays and waterways.

In addition to the major metropolitan suppliers, 
Western Water services the area within the 
Maribyrnong and Werribee River basins that extend 
into Melbourne’s Western growth area, while 
Gippsland Water delivers water to a small area in the 
southeast of Melbourne and has its major service 
area outside Melbourne.

Supply	system

Melbourne’s surface water supplies are drawn 
from catchments that feed six main storages. 
These storages are Thomson, Upper Yarra, Tarago, 
Maroondah, O’Shannassy and Yan Yean.

In addition to these storages a further four major 
storages without a significant catchment area are 
used in the operation of the Melbourne system. 
These storages are Cardinia, Sugarloaf, Silvan and 
Greenvale.

While no longer in operation, the North South 
Pipeline facilitates the bidirectional transfer of water 
between the Goulburn River and Melbourne Water’s 
Sugarloaf storage.

Again, not in operation during 2011–12, the 
Wonthaggi desalination plant can provide potable 
water for Melbourne and based on current 
consumption is capable of supplying up to 40% of 
the cities potable water demand. Water supplied 
from the plant is transferred by pipe to Cardinia.

Storage	volumes

At approximately 60% of Melbourne’s total 
accessible storage capacity the Thomson plays a 
major role in the security of the city’s water supply. 
Thomson constitutes 1,068 GL of the 1,812 GL total 
accessible storage capacity. As such, the historical 
storage volume shown in Figure 5.46 provides insight 
into Melbourne’s surface water supply resources 
over the past 18 years.

Figure 5.46a shows the accessible storage volumes 
of Thomson from 1985–2012 and exhibits three 
distinct trends.

The sustained increase in the accessible storage 
volume between 1985 and 1990 is explained by the 
completion of the Thomson Dam in 1984 and the 
subsequent filling of the storage during successive 
years of good rainfall and inflows.

Below average rainfall between 1997 and 2008 saw 
drought conditions develop throughout much of the 
region. The corresponding reduction in inflows to 
Melbourne’s major storages saw a significant decline 
in the accessible storage. This trend was reflected 
throughout the system.

A shift in climatic conditions in 2009 and a series of 
wetter years (including Australia’s wettest  
two-year period on record in 2010–11) saw the 
storage level recover from their 2008 low of less 
than 200 GL. This filling trend is highlighted in Figure 
5.46b which shows the accessible storage for 
Thomson for 2011–12.

Figure	5.46	 Variation	in	the	amount	of	water	held	in	storage	over	recent	years	(light	blue)	and	over	2011–12	(dark	blue)	for		
	 Thomson	storage,	as	well	as	total	accessible	storage	capacity	(dashed	line)
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Water	restrictions

Drought response plans (DRPs), developed by 
Melbourne’s three water retailers (City West 
Water, South East Water and Yarra Valley Water) in 
consultation with Melbourne Water, are an important 
mechanism in the management of Melbourne’s 
water resources in times of shortage.

The DRPs require the three retailers and Melbourne 
Water to jointly prepare and publish, by 1 December 
each year, an annual Water Outlook for Melbourne 
that provides an overview of the total system storage 
with reference to three zones: High, Medium and 
Low, as well as an annual and medium term action 
plans which may include water restrictions.

Announcements to lift or introduce water restrictions 
are made by the Victorian Government based on 
the annual Water Outlook that considers a range of 
factors including storage over the Water Outlook 
period; past and forecast weather/climate, catchment 
conditions; inflows and trends in demand; as well as 
planned investments and actions. In times of water 
shortages, the urban water utilities can implement 
water restrictions ranging from Stage 1 (mild/alert) to 
Stage 4 (severe/critical).

These restriction levels and the Permanent Water 
Saving Rules which is a set of commonsense rules 
that applies all the time to ensure water efficient 

practices in the community were developed 
following a State-wide review in 2011 by the Victorian 
Water Industry Association in consultation with the 
water industry.

Figure 5.47 shows there were no water restrictions 
in the Melbourne water supply area until August 
2006 since the previous restrictions were lifted in 
March 2005. Due to the low rainfall and inflow in 
2006, in September 2006 Stage 1 restrictions were 
introduced. This was quickly followed by Stage 2 
restrictions introduced in spring 2006 and Stage 3 
restrictions introduced in summer 2007. Stage 3a 
restrictions, which increase limitations on residential 
water use even further, were introduced before 
winter 2007.

Rainfall between 2007 and 2009 was not enough 
to increase water storage volumes and Stage 3a 
restrictions remained in place. Because of above 
average rainfall in the upstream sections of the 
supply catchments in 2009–10, water restrictions 
were eased to Stage 3 in April 2010. Following the 
above average rainfall in 2010–11 and 2011–12, the 
water restrictions were eased progressively, falling 
back to Stage 1 in December 2011.

Figure	5.47	 	Urban	water	restriction	levels	for	Melbourne	since	2005	shown	against	the	combined	accessible	water	volume	
of	the	Thomson,	Upper	Yarra	and	Cardinia	storages
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Source	of	water	obtained

Surface water is the main source of water supplied 
to the Melbourne water supply area. Figure 5.48 
illustrates that over the last six years approximately 
96% of bulk water delivered was derived from 
surface water supplies and 4% from recycled water 
(National Water Commission 2013).

The total volume of water supplied to Melbourne 
decreased from 431 GL in 2006–07 to 384 GL 
in 2011–12. This significant 18% reduction can 
be attributed to water efficiency gains, the 
implementation demand management strategies 
(including water restrictions and the installation of 
water efficient appliances), and the augmentation of 
domestic supplies with locally sourced water from 
storm and rainwater.

Following its broad scale introduction as a supply 
source in 2005–06, Melbourne has sourced 
approximately 14 GL of water per year from recycled 
water. Recycled water is supplied to consumers 
through various schemes operated by the water 
authorities. It is used to meet a broad range of end-
uses that include including broad scale agriculture, 
market gardens and the maintenance of conservation 
areas and golf courses.

Once commissioned, the Wonthaggi desalination 
plant will provide a new source of water for 
Melbourne. The plant will have the capacity to meet 
up to 40% of Melbourne’s current demand.

Groundwater does not play a significant role in the 
Melbourne water supply system.

Figure	5.48	 Total	urban	water	sourced	for	the	Melbourne	water	supply	area	from	2006–07	to	2011–12
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Categories	of	water	delivered

Figure 5.49 shows the total volume of water 
delivered to residential, commercial, municipal and 
industrial consumers by the three utilities from  
2006–07 to 2011–12 financial years. Approximately 
60% of the total volume supplied was for residential 
use and 27% for commercial, municipal and industrial 
use (National Water Commission 2013).

Most significantly this figure illustrates that while 
demand management strategies in the residential 
sector achieved a reduction in water consumption 

(approximately 8%) the most significant savings 
were achieved in the commercial, industrial and 
municipal sectors, which collectively achieved a 16% 
reduction in water consumption across the 2006–07 
to 2011–12 financial year period.

At individual property scale, the observed reductions 
in residential water consumption translate to an 
estimated 7 kL per year per property saving of water, 
with use falling from an average 148 kL per property 
in 2006–07 to 141 kL in 2011–12 (National Water 
Commission 2013).

Figure	5.49	 Total	urban	water	supplied	to	the	Melbourne	water	supply	area	from	2006–07	to	2011–12
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Figure	5.50	 	Deciles	rankings	of	annual	average	soil	moisture	for	2011–12	with	respect	to	the	1911–2012	period	in	the	South	
East	Coast	(Victoria)	region

5.7	 Water	for	agriculture

This section describes the water situation for 
agriculture in the South East Coast (Victoria) region 
in 2011–12. Soil moisture conditions are presented 
and important irrigation areas are identified. The 
Macalister, Werribee and Bacchus Marsh irrigation 
areas are described in more detail and information is 
provided regarding surface storage and groundwater.

5.7.1	 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 25 km x 25 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 modelled soil moisture volumes of 
the 1911–2012 period, expressed in decile rankings.

Soil moisture deciles for 2011–12 show very much 
above average conditions for most of the eastern 
part of the region (Figure 5.50). This was as a result 
of high rainfall events in the east which was in sharp 
contrast to the western part of the region which 
generally received average to very much below 
average rainfall during the year.

The decile ranking of monthly changes of soil 
moisture (Figure 5.51) shows that availability of soil 
moisture dropped to near average levels during the 
spring and summer months, partly due to very high 
evapotranspiration in two months of this period. 
The above average rainfalls that followed this period 
kept the soil moisture conditions at very much above 
average in the autumn and winter months.

Figure	5.51	 	Decile	ranking	of	the	monthly	soil	moisture	conditions	during	the	2011–12	period	in	the	South	East	Coast	
(Victoria)	region
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5.7.2	 Irrigation	water

Irrigation water use in the region between 2005–06 
and 2010–11 is shown in Figure 5.52 and Figure 5.53 
by natural resource management (NRM) region. 
The southeast (South Australia) and West Gippsland 
districts showed the highest irrigation water use 
during this period.

At the time of writing the report data was not 
available for 2011–12.

Water resource availability for Macalister Irrigation 
District in West Gippsland and Werribee and Bacchus 
Marsh in the Port Phillip Bay and Westernport 
regions are discussed in more detail in the following 
sections.

Figure	5.52	 	Total	annual	irrigation	water	use	for	2005–06	to	2010–11	for	natural	resource	management	regions	in	the	South	
East	Coast	(Victoria)	region	(ABS	2006–2010;	2011a)

Agricultural water use in the Bacchus Marsh irrigation district, Victoria | Southern Rural Water
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Figure	5.53	 Annual	irrigation	water	use	per	natural	resource	management	region	for	2010–11	(ABS	2011b)
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5.7.3	 Irrigation	areas

More than half the land in the South East Coast 
(Victoria) region is used for grazing sheep and cattle. 
Dryland cropping is concentrated in the central 
and western parts of the region. Hardwood timber 
production is a major industry in the Snowy, East 
Gippsland and Barwon River basins. The region 
contains a green triangle of more than five million 
hectares with the largest area of plantations in 
Australia including pine (softwood).

Irrigated agriculture constitutes only a small portion 
(0.5%) of the land use in the region (Figure 5.54). 
Major irrigation districts are concentrated around 
Lake Glenmaggie in the Thomson River basin and 
Bacchus Marsh and Werribee in the Werribee 
River basin. The most significant irrigation area in 

the region is the Macalister Irrigation District that 
contains both irrigated pasture and horticulture. The 
Werribee irrigation area is important for irrigated 
agricultural and dairy farming. Market gardens are the 
dominant industry in both areas.

Water in the region is managed by the Gippsland 
and Southern Rural Water Corporation that delivers 
water to the Macalister, Werribee and Bacchus 
Marsh districts. These districts use about 145 GL and 
330 GL from surface and groundwater each year. 
The storages in four major catchments, such as the 
Macalister, Werribee, Maribyrnong and Latrobe, are 
also managed by this corporation. The Werribee, 
Bacchus Marsh and Macalister irrigation areas are 
described in more detail in subsections 5.7.4–5.7.5.

Figure	5.54	 Irrigation	areas	in	the	South	East	Coast	(Victoria)	region
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5.7.4	 	Werribee	and	Bacchus	Marsh	
irrigation	districts

The Werribee and Bacchus Marsh irrigation 
districts are located in the Werribee basin that has 
a temperate climate with most rain in winter and 
spring (Figure 5.55). The combined capacity of the 
Werribee system storages is approximately 69 GL 
(Melton, Pykes Creek and Merrimu storages). This 
capacity is allocated between irrigation (62%) and 
urban (28%) water use, with the remaining 10% 
retained as an unallocated share.

The Werribee system has some of the highest 
percentages of water trading in Victoria and trading 
occurs across the whole system between Werribee 
and Bacchus Marsh irrigators and river diverters. 
River entitlements have been in place in the Werribee 
basin since 2001 as a further source of water.

Most farms in the Bacchus Marsh district have  
on-farm dams to store water prior to irrigation, which 

provides flexibility to manage crop water demands. 
The Bacchus Marsh irrigation district receives its 
irrigation supply via a weir on the Werribee River east 
of Ballan as well as a second diversion weir located 
west of Bacchus Marsh on the Werribee River. The 
maximum capacity of the supply system is 105 ML/d 
at the Bacchus Marsh Weir, although during the 
millenium drought it rarely operated at flows higher 
than 70 ML/d.

Treated recycled water from Melbourne’s Western 
Treatment Plant has been available to the Werribee 
district irrigators since 2004. Melbourne Water 
supplies up to 65 ML/d of recycled water as a 
supplementary water source. Recycled water is 
mixed with river water to reduce salinity levels before 
it is supplied to irrigators. However, heavy rainfall, 
turbidity-related issues caused by wind, and algal 
outbreaks affect reliability of river water for mixing.

Figure	5.55	 The	Macalister,	Werribee	and	Bacchus	Marsh	irrigation	districts
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The following example of Pykes Creek storage 
shows the storage had reached full capacity in 2010 
which continued for half of the 2011–12 year. The 

inflows to the storage was not adequate enough to 
keep it full for the rest of the period (Figure 5.56).

Pykes Creek

Figure	5.56	 	Variation	in	the	amount	of	water	held	in	storage	over	recent	years	(light	blue)	and	over	2011–12	(dark	blue)	for	
the	Pykes	Creek,	as	well	as	total	accessible	storage	capacity	(dashed	line)

5.7.5	 Macalister	Irrigation	District

The Macalister Irrigation District is the largest 
irrigation area south of the Great Dividing Range, 
extending from Lake Glenmaggie to near Sale along 
the Macalister River (Figure 5.55). The majority of the 
land used for irrigation is under pasture.

Lake Glenmaggie is the main source of supply for 
the Macalister Irrigation District, situated on the 
Macalister River. It covers an area of 1,760 ha and 
has an accessible storage capacity of 190 GL. The 
lake usually fills up during winter and spring and 
levels decline gradually during the summer months. 
Thomson, with an accessible storage capacity of 
1,068 GL, also partially supplies the Macalister 
Irrigation District.

Irrigation allocations from Lake Glenmaggie each 
year are a function of three phases: a filling phase 
starting at the beginning of the irrigation season 
on 1 July; a spilling phase when the lake has filled 
(October–December); and an emptying phase when 
the drawdown of lake levels begins. If the dam spills, 
all water used from the start of the season is referred 
to as Spill Entitlement or off-quota and allocation 
use is reset to zero. The maximum volume of Spill 
Entitlement is 62,000 ML/yr. During the emptying 
phase, a high reliability water share (HRWS) and a 
low reliability water share (LRWS) are announced 
depending on the magnitude of the inflows to the 
storage.

There is some limited groundwater use in the 
Macalister Irrigation District.

Surface	water	storage	inflows

Historically, streamflow in the Macalister River peaks 
during late winter and spring. The flow upstream of 
Lake Glenmaggie, monitored at the river gauge on 
the Macalister River at Stringy Bark Creek, peaked in 
August before it dropped to historic low levels, but 
maintained average to high flows afterwards. During 
March and July 2012 the flows were much above 
historic average flows (Figure 5.57). This situation 
coincided with a period when rainfalls exceeded 
the 90th percentile in the region and resulted in 
landscape water yields that were at historically high 
levels.

Figure	5.57	 	Monthly	discharge	hydrographs	compared	
to	discharge	deciles	at	a	reference	gauge	for	
inflows	to	Lake	Glenmaggie		
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Figure	5.58	 	Variation	in	the	amount	of	water	held	in	storage	over	recent	years	(light	blue)	and	over	2011–12	(dark	blue)	for	
the	Lake	Glenmaggie	storage	as	well	as	total	accessible	storage	capacity	(dashed	line)

Lake Glenmaggie

All this caused the water availability from Lake 
Glenmaggie in 2011–12 to be at its highest on record. 
The seasonal allocation opened at 90% HRWS with 
Lake Glenmaggie spilling. The allocation increased 
to 100 per cent HRWS in February 2012. In addition, 
15.8 GL of spill entitlement was delivered between 
July and December 2011.

High rainfall during February and March caused total 
water deliveries for the season to be 86 GL, which 
is below the average delivery and below delivery 
budget of 163 GL. (Southern Rural Water 2012).

Surface	water	storage	volumes

Historical data of stored water volume in Lake 
Glenmaggie show that storage levels reach their 
maximum capacity during winter and spring in each 
year (Figure 5.58).

High inflows into Lake Glenmaggie in 2011–12, 
coupled with low irrigation demand, resulted in the 
volume in storage remaining at 138 GL or 78% of the 
full capacity in May 2012 at the end of the irrigation 
season. This situation provided a good start for the 
2012–13 season (Southern Rural Water 2012).
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Local	Hydrogeology

The Macalister Irrigation District (shown in Figure 
5.59) is underlain by relatively complex groundwater 
systems. This is also reflected in the large number 
of groundwater management areas that overlay the 
irrigation area. There are at least five management 
units that regulate groundwater extraction at various 
depths for different aquifers.

The Boisdale Aquifer (upper middle aquifer) that 
occurs throughout the area provides a valuable 
source of water for irrigation of pasture for dairy 
production, vegetable cropping and stock and 
domestic supply. The Boisdale aquifer is underlain 
by the Latrobe Valley Group (lower middle and lower 
aquifer), grading easterly into the Balook Formation 
(lower middle aquifer) and the Gippsland Limestone 
aquifer (lower middle aquifer). Declining groundwater 
levels in these deeper aquifers as well as in the 
Boisdale aquifer is a well documented phenomenon 
resulting from the combined effects of offshore gas 
and oil extraction, dewatering of the Latrobe Valley 
coal mines and pumping for irrigation.

The degree of interaction between surface water 
and groundwater is high. The Latrobe, Thomson, 
Macalister and Avon are the major rivers in the 
area and they gain groundwater during low flow; by 
contrast rivers recharge the alluvial aquifers during 
floods (Southern Rural Water 2012). The eastern 
portion of the area includes Lake Wellington, Lake 
Victoria and Lake Reeve, which are part of the 
Gippsland Lake systems. The current accepted view 
is that groundwater discharges into the lakes as well 
as to the sea.

Groundwater	quality	overview

Clearing and irrigation has significantly altered 
the hydrogeological regime in the irrigation area, 
increasing the infiltration to the shallow watertable 
and causing discharge of shallow saline groundwater. 
In addition, the recent lowering of the groundwater 
levels near Lake Wellington below the lake level has 
focused attention on the potential to draw saline 
water from the lake and the sea into the aquifer.

Influences	on	shallow	groundwater

Fluctuations in shallow groundwater levels at 
selected sites are shown in Figure 5.60. To 
investigate the drivers of the shallow groundwater 
levels, fluctuations in the groundwater levels ‘(a)’ are 
compared to the monthly rainfall trend, shown by 
cumulative residuals from the historic average at Sale 
‘(b)’, the monthly discharge of the Macalister River 
‘(c)’ and the monthly average level of Lake Wellington 
‘(d)’. Locations of gauges and bores are shown in 
Figure 5.59.

Periods in which the cumulative rainfall residual mass 
curve rises indicate wetter than average conditions. 
Periods with a falling trend indicate drier than average 
conditions.

Panel two in Figure 5.60, shows a wetter than 
average period up to 1996, followed by drier that 
average period until 2010 and since then wetter than 
average condition. This is reflected by groundwater 
levels which are lower on average after 1996 
compared to before 1996 and show a rise in level at 
two bores after 2010.

Seasonal pumping and recovery cycles are also 
visible in all bores except Bore 92297. Step rises 
indicates groundwater response to flooding, for 
example in 2007. Although some of the groundwater 
levels show some degree of correlation with the river 
discharge there is no major correlation to lake levels.
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Figure	5.59	 	The	Macalister	Irrigation	District	showing	the	location	of	groundwater	bore	sites,	river	gauges,	lake	gauges	and	
rain	gauges	

A telemetered bore in Glenelg-Hopkins | Thiess Services
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Figure	5.60	 	(a)	Comparison	of	shallow	groundwater	levels	recorded	at	nested	bore	sites	with	rainfall,	streamflow	and	Lake	
Wellington	water	levels	in	the	Macalister	Irrigation	District	(Bore	86657—yellow,	Bore	42095—red,	Bore	95486—
blue,		and	Bore	92297—green;	(b)	cumulative	rainfall	residual	mass	at	Sale	Station	no.	85072;		(c)	Macalister	
River	discharge	at	Glenmaggie,	Station	no.	225204;	and	(d)	Lake	Wellington	level	at	Bull	Bay,	Station	no.	226041.	



61Australian Water Resources Assessment 2012

Figure	5.61	 	Groundwater	levels	between	2007	and	2012	recorded	at	selected	nested	bore	sites	in	the	Macalister	Irrigation	
District

Groundwater	level

Groundwater level measurements are an important 
source of information about hydrological and 
anthropological influences on the groundwater in 
an area, including recharge. Figure 5.61 illustrates 
groundwater levels recorded in bores of different 
depth at the same site in the Macalister Irrigation 
District in the last five years.

Groundwater level fluctuations in the area 
generally indicate upward gradients and potentially 
groundwater flow from the deeper aquifers (blue 
lines) to the shallower aquifers (red and yellow lines). 
However, gradients and potentially groundwater flow 
can be reversed during intense pumping from the 
lower aquifer (for example, blue line in site 1) as in 
2010 and 2012. Figure 5.61 also shows in general 
poor connectivity between various aquifers at various 
depths. Groundwater levels show different patterns 
at different location and depth except for shallow 
bores 95485 and 95486.

Figure 5.62 and Figure 5.63 show the spatial 
distribution of depth to groundwater in bores located 
in the upper and middle aquifers in the Macalister 
Irrigation District. They also give the ranking of 
2011–12 median groundwater levels compared to 
annual median groundwater levels in the last 22 
years (1990–2012).

As shown in Figure 5.62, typically groundwater levels 
in the upper aquifer are mostly within 5 m of the 
surface. Median groundwater depth below surface in 
2011–12 is typically above average or average in the 
southwest and in the rest of the area is average or 
below average.

Groundwater levels below surface in the middle 
aquifer vary from greater than 10 m away from Lake 
Wellington to above the surface (flowing artesian) 
near the lake (Figure 5.63). Median groundwater 
depth in 2011–12 is mostly below average or average, 
indicating that groundwater levels are the deepest or 
within the average of the past 22 years.

Groundwater levels from bores screened in the 
lower aquifer are not shown as there are not enough 
data available to provide a useful assessment of 
groundwater conditions in this aquifer.

Groundwater	salinity

At the time of writing, suitable quality controlled 
and assured time-series data on groundwater 
salinity were not available from the Australian Water 
Resources Information System (the Bureau of 
Meteorology 2011).



62 Australian Water Resources Assessment 2012

South East Coast (Victoria)

Figure	5.62	 	(a)	Upper	aquifer	median	groundwater	depth	for	the	Macalister	Irrigation	District	in	2011–12;	and	(b)	decile	rank	
of	depth	in	2011–12	compared	to	the	1990–2012	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	5.63	 	(a)	Middle	aquifer	median	groundwater	depth	for	the	Macalister	Irrigation	District	in	2011–12;	and	(b)	decile	
rank	of	depth	in	2011–12	compared	to	the	1990–2012	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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