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M U R R A Y - D A R L I N G

B A S I N

Groundwater

a Resource for theFuture
Groundwater is a major natural resource in the Murray-Darling Basin. Its current
and future management will have a fundamental impact on the economic viability of
many of the Basin’s regional communities. In some parts of the Basin, groundwater is an
underutilised resource: in others, it is being used unsustainably.
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The priorities for groundwater management vary across the
Murray-Darling Basin. In the south, the major issues are
rising groundwater levels and land and water salinisation.
In the north, the issues are unsustainable demand and
declining groundwater levels. Fundamental in all areas is
the need to manage groundwater and surface water as two
parts of one hydrological system.
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Cover illustrations
The Condamine Valley in south-east Queensland illustrates the productive use of groundwater, in conjunction with
surface water sources, for the irrigation of crops such as cotton and oilseeds.
The Chowilla wetland in the Riverland district of South Australia.The destructive results of rising groundwater levels
are seen in the dead trees and the salt encrusted surface where little or no vegetation can survive. The wetland values
have been significantly degraded.
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Foreword
Within the Murray-Darling Basin
groundwater is a major resource.
However, its value to date has been
substantially underestimated. In
addition, environmental
mismanagement in the Basin over the
past one hundred and fifty years has
moved groundwater systems into a
period of instability. Without adequate
management the groundwater is also
at risk of contamination. Rising
groundwater is mobilising salt in many
areas. Elsewhere, where the resource is
being overused, rapid falls are being
experienced. It will take many decades
to adjust to a new equilibrium.
o deal with this situation it is vital
that we become more skilled and
knowledgeable in the way in which
we protect and manage groundwater.
Research to improve policy and
planning, a better understanding of what
is required to manage and allocate
groundwater sustainably, and
educational campaigns to explain key
issues, are all required.
This booklet is one of a range of
products that are being produced by the
Commission in order to increase the
knowledge of groundwater issues in the
Murray-Darling Basin. Related products
include the Basin series of groundwater
maps which describe the situation in 1988
(and thus provide base line data for
researchers and managers wanting to
determine rates of change since that time),
a technical report titled Murray-Darling Basin
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status of Groundwater 1992 and the 1997
Salt Trends report which analysed
long-term water salinity trends for the
region. Together these valuable
management and educational tools will
support the work being done to prepare
the draft salinity management strategy
due to be completed in the year 2000.
The groundwater booklet has been
prepared by Dr Peter Crabb under the
auspices of the Murray-Darling Basin
Commission’s Groundwater Reference
Group. It is based on material collected
from two sources; a community
education program, The Sleeping Giant,
which was developed to help explain
dryland salinity processes in the southern
part of the Basin and a paper presented
to the International Groundwater
Conference held in Melbourne in
February 1998, Salinity in the MurrayDarling Basin: a Critical Challenge for the
21st Century.
This booklet has been designed to be
useful to water managers, policy makers,
students and those members of the
public with an interest in the groundwater
systems of the Murray-Darling Basin.
Although salinity issues are discussed
they are not the primary focus of the
publication. A listing of relevant
publications and details of relevant
websites have been included to assist
readers wanting more information.
The groundwater booklet will
promote understanding of a vital natural
resource in the Murray-Darling Basin
and I commend it to you.

Professor John Lovering
President
Murray-Darling Basin Commission
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Dryland salinity
Figure 1: Areas of dryland salinity and urban locations with salinity problems identified in 1996
Source: Crabb 1997, 159
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Introduction
he Murray-Darling Basin (MDB) covers an area of
1.06 million square kilometres in inland southeastern Australia. It has been described as
Australia’s most important natural resource.
Though only 14 per cent of Australia’s total area, the
annual gross farm gate value of the Basin’s agricultural
production is over $9 billion, some 41 per cent of the
national total. This includes approximately 75 per cent of
Australia’s total irrigation agriculture. The annual value
of the Basin’s manufacturing industry is more than $10
billion (over 70 per cent of it dependent in some way on
agriculture), mining $1.6 billion, and tourism over $3.4
billion. Beyond the Basin, there is Adelaide (with a
manufacturing sector generating more than $12 billion
per year), much of rural South Australia, and the ‘Iron
Triangle’ at the head of Spencer Gulf (where
manufacturing is worth over $1 billion a year). All of
these activities – and a population of close to two million
within the Basin and over one million beyond the Basin
in South Australia – are dependent on the MurrayDarling Basin’s water resources.
However, water is in limited supply in the MDB.
Diversions for agriculture, industry and domestic
consumption have reduced the median annual flow out
of the Murray Mouth by 80 per cent. The main
consumer is irrigation which uses 95 per cent of all water
diverted from the Basin’s streams and rivers. Just three
rivers, the Upper Murray, Murrumbidgee and Goulburn,
account for over 45 per cent of the Basin’s total runoff.
Overall, some 86 per cent of the Basin contributes
virtually no runoff to the river systems, except during
floods. In order to make maximum use of the limited
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water supplies, reservoirs and other control structures
have been built on almost all of the Basin’s rivers. As a
result, the Murray-Darling – and especially the Murray is a highly regulated river system.
The surface resources constitute the main source of
water within the Basin, but they are only part of the much
larger hydrological system that also includes groundwater
(see Box page 12). Within this total system, water moves
back and forth between surface and groundwater
sub-systems and their dependent eco-systems, affecting
both the volume available for use and its quality. Further, it
is increasingly evident that many of the MDB’s resource
and environmental degradation problems are linked to its
groundwater and the movement of water and its entrained
salt between the surface and sub-surface systems.
Land and water management practices of the past 150
years, such as the clearing of native vegetation, the switch
from pasture to cropping and the development of
irrigation systems, have had a serious destabilising effect
on the groundwater systems of the Murray-Darling Basin.
The changes have contributed to significant degradation
problems, including salinisation of irrigated and dryland
areas, increasing stream salinity levels, waterlogging, soil
erosion, and increased toxic algal blooms. The growing
demands for water from the Basin’s rivers have resulted
in greatly reduced flows and changes to the seasonal flow
patterns. These have degraded many riverine
environments. For the groundwater resources of the
southern parts of the MDB, the current land management
practices have produced changes that are akin to those
which occurred during earlier periods of climate change.
The consequences of poor management are evident

The Hume Dam forms one of the major reservoirs on the River Murray. The stored water comes from surface runoff and groundwater
flow into the catchment’s streams.
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The Murray Bridge-Onkaparinga Pipeline, one of a number that take water from the Murray to Adelaide and other parts of
South Australia. Groundwater flows have a significant impact on the quality of water supplies, in South Australia, and in
many other parts of the MDB.
throughout the Basin. In addition, there is substantial
risk of contamination of the groundwater if adequate
protection, planning and management is not
implemented. The National Guidelines for the Protection of
Groundwater provide useful guidance in this regard.
In the northern parts, the high variability of surface flow
has caused a greater demand for groundwater than is the
case further south. As a result, in many areas groundwater
levels and water pressure are falling. In contrast, under
current agricultural practices, the southern part of the
Murray-Darling Basin continues to experience a steady
rise in groundwater levels that, in the mid-1990s, was
estimated would salinise or waterlog about 1.3 million
hectares of the region’s irrigated land by the year 2040.
For the Basin’s dryland areas in particular, on-going
studies indicate that 8-10 million hectares will have
groundwater within 2 metres of the land surface in 50100 years time, and about 30 per cent of this area will be
actively discharging saline water (Figure 1). In addition,
the rising groundwater levels will contribute ever
increasing amounts of saline water to rivers throughout
the Murray-Darling Basin.
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Such serious resource degradation problems, especially
the salinity problems in the Murray Valley, gave rise in
1987 to the Murray-Darling Basin Initiative, which
brings together the Commonwealth and State and
Territory governments involved in the management of
the Basin’s resources. Improving the management of the
Basin’s resources, and especially its water, is the focus of
the Initiative’s activities. Groundwater is an increasingly
important part of this focus.
Most of the increased attention given to groundwater
over recent years has been in response to water and land
salinity problems. However, the research is also
increasingly highlighting the fact that considerable
quantities of good quality groundwater are present in
many parts of the Basin and that this represents a
substantial economic resource. To date, development has
been uneven. In some areas, groundwater reserves are
being consumed at an unsustainable level. In other areas,
where the resource is underutilised, more intensive
pumping and sensible management would increase the
supplies of useable water and may reduce or halt the rate
of groundwater rise, thus achieving important
environmental benefits.

Irrigation near Mildura: considerable work continues to be done to improve the efficiency of all forms of irrigation in order to cut
water consumption and reduce the accessions to groundwater and the rise of the watertables.
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Murray Groundwater Basin

Figure 2: The map shows
the Murray Groundwater
Basin, the portion of the
Great Artesian Groundwater
Basin within the MDB, the
shallow aquifers of the
Darling River Groundwater
Basin, and the areas of
fractured rock aquifers.
Source: Australian Geological
Survey Organisation.

Great Artesian Groundwater Basin (part within the MDB)
Darling River Groundwater Basin
Areas of Fractured Rock Aquifers
Murray-Darling River Basin (surface)
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The hydrogeology of the MDB
The Murray-Darling Basin has a
long geological history, being first
recognisable as an entity about
65 million years ago. Over time,
parts of the Basin have eroded
and others filled with sediments,
to produce a complex of geological
structures and geomorphological
landscapes.
n terms of the Murray-Darling Basin’s hydrogeology, there
are a number of distinct groundwater systems (Figure 2):
• the Murray geological or groundwater basin, known
as the Murray Basin;
• the Great Artesian Basin;
• the shallow aquifers of the Darling River Basin; and
• the local groundwater systems found in areas of
fractured rocks of the Great Dividing Range and
other areas.
As Figure 2 indicates, the boundaries of the groundwater
areas do not coincide with those of the Murray-Darling
Basin, which is defined on the basis of its surface water
resources. The different groundwater regions behave
somewhat independently of each other, with only relatively
small amounts of groundwater directly interchanged between
them. However, water from different aquifer systems is
transferred across boundaries as surface water base flow.

Australian Height Datum (metres)

Australian Height Datum (metres)
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Through this process, a substantial volume of groundwater
enters the surface streams in the upper and middle
catchments as base flow and then re-enters the groundwater
systems further down through seepage from stream beds.

i. The Murray Basin
The Murray Basin covers an area of some 297,000
square kilometres extending over most of the southern
and south-western parts of the Murray-Darling Basin,
and going beyond the MDB in the extreme south-west.
Data collected from drillholes sunk in the search for
water, oil and gas over the last 100 years or so indicate
that the Murray Basin consists of sediments infilling a
very flat saucer shaped depression within the harder
rocks of previous geological eras (Figure 3). This
depression is rimmed on three sides by subdued hills and
low mountain ranges composed of these older rocks.
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Figure 3: North-south and east-west cross sections of the Murray Basin showing the relationships of the various aquifers.
The outline map of the Murray Basin shows the approximate positions of the cross-section lines. Source: Evans et al. 1990.
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To the south-west, the Basin overlies a shallow concealed
bedrock ridge separating it from the Southern Ocean.
Fossil evidence indicates that the Murray Basin began
to form some 65 million years ago, after Australia
separated from Gondwanaland and began its slow
migration northwards. Following its formation, rivers and
lakes have deposited sediments in the Basin. In the
south-west, the sea invaded on at least three separate
occasions for a total duration of 30 million of the past 60
million years. The result is between 200 and 600 metres of
Cainozoic sediments and sedimentary rocks (65 to 34
million years old) set in a Paleozoic terrain (over 250
million years old), the maximum thickness being in the
central parts between Renmark and Wentworth. The way
in which groundwater flows through the Murray Basin
today is controlled by the structure of the sedimentary
sequences deposited in the Basin as a result of slow
tectonic subsidence and the rise and fall of sea levels
during these earlier times. Climate change over the past
500,000 years has also been important.
The Murray Basin is bounded on all sides by rocks that
allow very little of the water that enters it to leave, except
by way of the surface stream system or by direct
evapotranspiration to the atmosphere. Further, any salt
transported by groundwater can only leave the Basin by
spilling to the river or by being blown out by wind action.
Thus the Murray Basin acts as a major salt trap and the
Murray-Darling river system acts as Nature’s drain.
Three main groupings of sediments, which are crucial
to an understanding of the groundwater patterns, can be
identified within the Murray Basin. Starting with the
deepest layers, these are the Renmark Group, the Murray
Group and the Pliocene Sands found near the surface.
The Renmark Group is an accumulation of riverine
sand, silt, and clay deposited in a tropical environment 30
to 50 million years ago. These sediments are found at the
base of almost the entire Murray Basin (Figure 4). They
start at about 100 to 200 metres below the surface and are
up to 400 metres thick in the central parts. The Renmark
Group sediments form a major confined aquifer, with
groundwater flow moving from recharge areas around the
margins of the Murray Basin towards the central western
region, where the sediments are at their thickest. The
pressure regimes are such that groundwater in this area
leaks upwards into the overlying Murray Group sediments.
This upwards leakage is a direct result of the closed nature
of the Basin; in effect, the water has nowhere else to go.

Figure 4: The extent of the Renmark Group aquifer in the
Murray Basin. The arrows show the direction of groundwater
flow in the aquifer. Source: Evans et al. 1990.
In general, the salinity of the groundwater in the Renmark
Group aquifer increases proportionally as the water flows
from the recharge areas, where it is fresh, to the areas of
upward leakage, where the salinity levels are up to 50,000
EC, equivalent to the salinity of sea water. This increase
reflects natural processes. In the thicker parts of the aquifer,
there is a noticeable layering of salinity, with water at the top
of the aquifer being more saline.
Figure 5: The extent of the Murray Group aquifer in the
Murray Basin. The arrows show the direction of groundwater
flow in the aquifer Source: Evans et al. 1990.
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Loxton-Parilla Sands
Calivil Formation
Flow Direction
Boundary between Riverine Plain to the East
and Mallee Region to the West

Figure 6: The Pliocene Sands aquifer, showing the extent of
the Calivil Formation and the Loxton-Parilla Sands in the
Murray Basin. The arrows show the direction of groundwater
flow in the aquifer. The map also shows the approximate
boundary between the Riverine Plain and the Mallee Region.
Source: Evans et al. 1990.
The middle group of sediments is the Murray Group.
They are found in the western parts of the Murray Basin,
primarily underlying the Mallee regions of South Australia
and western Victoria (Figure 5). They were deposited as the
sea invaded the Basin between about 32 and 12 million
years ago. The initial invasion, advancing some 400
kilometres into the basin and drowning the river and swamp
systems that had formed the Renmark Group sediments,
produced a thin layer of clay. As the sea established and sea
levels rose, about 100 metres of shallow water limestone was
deposited. To the east and north, these open water sediments
become finer grained nearer to the shore and the lagoons
associated with the ancient coastline. The deposition of these
sediments ended with the retreat of the sea.
The Murray Group limestones form an important aquifer
in the western parts of the Murray Basin. For most of the
Group, groundwater flow is northerly to north-westerly from
recharge areas in the southern Wimmera of Victoria towards
the Murray River between Loxton and Morgan in South
Australia. The aquifer also accepts upwards leakage from the
underlying Renmark Group aquifer and discharges directly to
the River Murray in its downstream area. In the recharge
areas, groundwaters are suitable for domestic consumption
and irrigation, but in the discharge areas close to the River
Murray, salinity levels range up to 50,000 EC.
The third major group is the Pliocene Sands Aquifer,
made up of sediments deposited between 2 to 6 million years
ago and forming a layer of sands and gravels that cover
almost all of the Murray Basin (Figure 6). It can be divided
into two parts. In the western parts, the deposits are of
marine origin, a further invasion of the sea leaving a thick

10

layer of unconfined sands and silts known as the LoxtonParilla Sands. Their groundwater salinity levels are high,
ranging from 58,000 EC over most of the Victorian areas to
130,000 EC in western New South Wales and northern
South Australia. Locally in salt lake environments, salinity
concentrations can range up to 500,000 EC, some ten times
the salinity of sea water. Again, such variations are the result
of natural processes that have been occurring for many
thousands of years. Recharge is from the downward leakage
of rainfall over most of its area and lateral transmission from
other aquifers. To the east and onshore, the rivers and
streams that were flowing at that time deposited the highly
porous and permeable coarser sands and gravels of the
confined Calivil Formation. Recharge occurs where the
Formation is exposed at the surface and by leakage from
rivers. Groundwater flow is radially inwards towards the
centre of the Basin from high recharge capacity areas
associated with where the major river systems enter the
Riverine Plain. The gravels of the Calivil Formation contain
excellent quality water suitable for irrigation (salinity levels
down to 200 EC). Salinity increases with distance from the
recharge areas on the edge of the Murray Basin.
Following the deposition of the Pliocene Sands Aquifer,
changes in prevailing climatic conditions gave rise to significant
changes to the surface geology. In the central west of the
Basin, the Aquifer is locally overlain by the thin layer of
Blanchetown Clay, deposited in the large former Lake
Bungunnia system. The Lake was maintained by a climate that
was considerably wetter than that of the present day. The
demise of the lake, however, around 500,000 years ago,
heralded the onset of a drier climate, which alternated
between arid and humid conditions. During the more arid and
windy periods, the extensive Loxton Parilla Sands in the
western parts of the Basin were reworked into the dunefields
that make up the Mallee Region of today. To the east, the slow
change in climate caused the coarser materials of the Calivil
Formation to be overlain by finer grained sands, silts and clays
of the Shepparton Formation that now underlies the extensive
relatively flat land surface of the Riverine Plain. It is a locally
important aquifer, with water of highly variable quality.
In addition to the geological divisions that have been
outlined above, the Murray Basin can also be subdivided
into the Riverine Plain to the east (underlain by the
Shepparton and Calivil Formations and the Renmark
Group) and the Mallee Region to the west (underlain by the
Loxton-Parilla Sands). This division reflects both landforms
and the surface geological features that have been inherited
from previous geological times, in particular the two parts of
the Pliocene Sands Aquifer.
At present, the Murray Basin contains about 4,600
million ML of water, two thirds of which is useful for
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Figure 7: The Great Artesian Basin. The map shows the main directions of groundwater flow and the main structural divides within
the Basin, namely the Euroka, Nebine and Birdsville Track Ridges. Source: Habermehl and Lau 1997.
humans. The ultimate source of the salt in the Basin appears
to be from sea spray borne salt brought in with the
prevailing winds from the Southern Ocean over the past
500,000 years. (The salts residing within the marine
sediments of the Murray Basin have long been flushed to
the sea, except those within the deeply buried fine
grained clays and muds.) Current estimates suggest that
the Basin contains about 1,000 million tonnes of salt, of
which less than 0.04 per cent is transported out of the
Basin annually by groundwater discharge into the River

Murray. The salt dissolved in rainfall is continually
replacing the salt lost through groundwater discharge.

ii.The Great Artesian Basin
The Great Artesian Basin (GAB) is one of the largest
sedimentary basin aquifer systems in the world, with a
total area of over 1.7 million square kilometres, about
22 per cent of Australia. It extends over large parts of

Murray-Darling Basin Groundwater — a Resource for theFuture
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The Yass Valley to the north of Canberra in south-east New South Wales. Such small catchments in the fractured rocks country,
where much of the vegetation has been cleared, are affected by dryland salinity and their groundwaters contribute to high
salinity levels in their streams. Small catchments of this type occur along the slopes of central Victoria and along the western
side of the Great Dividing Range in New South Wales.
Queensland and smaller parts of New South Wales, South
Australia and the Northern Territory, including almost all
of the Queensland portion of the Murray-Darling Basin
and a large part of the plains country of northern New
South Wales (Figure 2).
The GAB is a multi-layered confined aquifer system,
much older than the Murray Basin (Figures 7 and 8). It
consists mainly of two groups of sandstones alternating
with siltstones and mudstones, and is up to 3,000 metres
thick. The deeper ‘J’ (Jurassic) aquifer is separated from
the ‘K’ (Cretaceous) aquifer by a thick layer of
impermeable mudstone and siltstone. The GAB can be
divided into three sub-basins, Carpentaria, Eromanga,
and Surat. The divisions occur where bedrock underlying
the sandstones forms dividing ridges, thus creating the
smaller sub-basins. The Euroka Ridge forms the divide
between the Carpentaria and Eromanga Basins and the
Nebine Ridge divides the Eromanga Basin from the Surat
Basin. The Birdsville Track Ridge, a structure in the
eastern part of the Eromanga Basin and parallel with the
Nebine Ridge, corresponds with the topographic divide
that defines the north-west boundary of the MDB. Thus
the Surat Basin and a small proportion of the Eromanga
Basin underlie the MDB.
On the eastern margins of the GAB, the rocks
representing the main aquifers outcrop along the western
foothills of the Great Dividing Range and then dip westward
under the land surface. Groundwater recharge occurs in
these outcrop areas, as well as by way of downward leakage
from the alluvial fan aquifers associated with the major rivers
(see below). Within the GAB aquifers, groundwater flows at
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great depth, generally to the west, at a speed of between 1
and 5 metres a year. Most groundwater discharge occurs as
springs along the western, south-western and northern
margins of the GAB, as well as into the salt lakes in the
northern parts of South Australia, predominantly outside the
MDB. In effect, the water that enters the GAB from within
the Murray-Darling Basin is lost to the MDB’s system as it
flows to discharge zones further west.
The Great Artesian Basin contains large quantities of
groundwater, an estimated 8,700 million ML, with natural
pressures from the deeper aquifers being above groundsurface in many places. Water quality is generally good, at
830 to 1,600 EC, but up to 16,500 EC in the upper
Cretaceous aquifers (98 to 65 million years old). It is
generally suitable for most uses except irrigation, as its high
sodium content makes the water chemically incompatible
with the soil. Water temperatures range from 40 to over
60°C, with bores in central Queensland exceeding 80°C.

iii. The shallow aquifers of the
Darling River Basin
Covering over 650,000 square kilometres of the northern
half of the Murray-Darling Basin and largely overlying
the Great Artesian Basin is the Darling River Basin. Its
extensive alluvial fans of Cainozoic age are associated
with the larger rivers draining the Great Dividing Range
the Macquarie, Gwydir, Namoi, Border, and Condamine
(Figure 2). The fans are made up of sequences of coarse
sediments up to 150 to 200 metres thick, especially in
New South Wales. To the west and south-west, the
sediments become more fine-grained, thinning out and
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eventually disappearing up against older rocks in the
Bourke region. These complex alluvial fans and
associated groundwater systems have a number of
physical similarities to the Riverine Plain of the Murray
Basin to the south. The Darling River Basin is effectively
a closed groundwater system, with the aquifers draining
internally and discharge by way of the land surface and
surface rivers. The only outlet is a narrow infilled trench
along the Darling River. The major difference with the
Murray Basin is the fact that there is no basin structure to
confine the aquifers as they move from the major
recharge areas in the east out across the western plains.
The shallow alluvial fan aquifers of the Darling River
Basin hold large quantities of groundwater. Recharge to
these valley systems is generally by way of leakage from
their associated rivers in the eastern parts of the Basin.
Some groundwater finds its way into the underlying GAB
sediments, whilst the water pressure within the deep GAB
aquifers is such that they leak upwards into the shallower
aquifers further to the west. Thus groundwater moves in
both directions, up and down, depending on distance from
the Great Dividing Range.
In the Darling River Basin, salinity increases in a
generally westward direction, with the more westerly
aquifers containing water too saline for most uses, up to
8,000 EC. As well, the ability of the aquifers to yield water
progressively declines as the sediments become more finely
grained with distance from the Great Dividing Range.

iv. Local fractured rock
groundwater systems of the
Great Dividing Range
Beyond the Murray Basin and the Great Artesian Basin,
most of the remaining parts of the MDB, namely the Great
Dividing Range, the Cobar Tableland, and the Mt Lofty
Range and other uplands on the west and south-west
margins of the Basin, are underlain by fractured rocks
(Figure 2). These areas are characterised by large numbers
of small, shallow unconfined groundwater systems, many
only a few square kilometres in extent, in marked contrast
to the extensive regional aquifers described thus far. The
flow length of these aquifers is small, with recharge and
discharge areas separated by only 1 to 20 kilometres.
Within the MDB, among the most important areas of
fractured rocks are the northward-draining slopes of the
Great Dividing Range in northern Victoria and westwarddraining slopes and tablelands of New South Wales.
These are some of the areas of higher rainfall within the

MDB. The predominant rock type is older Paleozoic rocks
(from 1 billion to 230 million years old) that have been
folded and faulted to leave varying patterns of fractured
material. Superimposed on this fracture distribution are
the results of over 200 million years of weathering and
erosion, especially on the lower slopes of the uplands. In
places, extensive deep weathering profiles have left little
of the original rock character, instead leaving behind
varying thicknesses of clay material. These weathering
products are an important component of the landscape,
with their variable ability to act as aquifers and alter the
patterns of water flow. This gives rise to a general two
layer model of aquifer development in the lower parts of
the landscape, with the upper layer, the soil aquifer,
prone to drying out during periods of low recharge.
Groundwater flow patterns correlate closely with
topography. In most places, the shape of the watertable
closely resembles the shape of the land surface. This is
more so in the hilly areas, becoming less important as
relief flattens out. Recharge occurs over most parts of the
landscape, but is highest in areas of skeletal soils and rock
outcrop. Most groundwater discharge occurs within
decades of recharge (a very short period in groundwater
terms) and usually close to its recharge site.
Groundwater salinities vary considerably. The shallow
soil aquifer is usually the most saline within a catchment,
with the deeper groundwater being in places much fresher.
In the fractured rock systems, higher salinities are found in
the drier areas, such as in the western Victorian highlands
around Bendigo, where the groundwater is up to 33,000
EC. Some catchments have been shown to contain
between 500 and 1,000 tonnes of salt per hectare within
these shallow weathered materials. Groundwater salinities
in the temperate-humid central highlands of New South
Wales are as low as 1,600 EC. In spite of the small size of
most of these systems, they are the source of large
quantities of the salt entering the streams of the MurrayDarling Basin and have a substantial negative impact on
water quality all the way to the Murray Mouth.
The other fractured rock areas, in north-east New South
Wales, south-east Queensland, the Cobar Tableland, and
the western and south-western margins of the MDB, all
contain small aquifers that provide water for domestic and
stock use. However, these aquifers are of only local
significance. They do not have a regional-scale role as
described above for those in New South Wales and
northern Victoria through their contributions to land and
water salinisation.

Murray-Darling Basin Groundwater — a Resource for theFuture
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Groundwater

Groundwater is defined as all
water that is found beneath the
surface of the earth.

t is found in all types of rock and soil, but there are
three main types of stores or aquifers that can be
identified, namely sedimentary rocks, fractured rocks,
and surficial deposits. Water enters aquifers in
recharge areas, as a result of precipitation passing
through the root zones of plants or from rivers and
other surface water bodies. Recharge occurs mainly
where the aquifers are exposed at the surface. Water
leaves aquifers in discharge areas, normally in
streams, lakes, swamps, springs and seepage areas.
The time taken for water to pass through an aquifer
(from recharge to discharge) depends on the nature of
the rocks and the size of the aquifer. The separation
between the two locations can range from a few

I

kilometres to thousands of kilometres. Also, the time
involved can vary considerably. In the case of surficial
aquifers, the same locations can be both recharge and
discharge areas, depending on the seasonal conditions,
such as floods and droughts. It is therefore imperative
that groundwater issues be considered in terms of both
the total surface and underground catchments.
It is important to see groundwater and surface water
as part of the total hydrological system or cycle, which
can be defined as the continuous interchange of water
between land, sea and other water surfaces and the
atmosphere. Thus, for example, water enters streams
from surface run-off and some passes down to the
groundwater; groundwater also comes to the surface by
way of springs and seepage. A critically important aspect
of the link between surface water and groundwater is
that groundwater is the main source of water in streams
during periods when they are not being fed by surface
run-off. This is known as base flow and it keeps streams
flowing during periods of dry weather. The more water
that is stored in the aquifers, the more there is for
discharge into streams, thus increasing the base flow.

Source: based on NSWDLWC 1998, 11.
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Figure 8: East-west cross section of the southern part of the Great Artesian Basin, within the northern Murray-Darling Basin. The
named verticle lines represent bores drilled for water and petroleum. The various sedimentary layers are of Cainozoic (C), Cretaceous
(K) and Jurassic (J) age (respectively up to 65 million years old, 65 to 141 million years, and 141 to 205 million years) and, in the
eastern part, of Triassic (TR) age (205 to 250 million years). Source: Habermehl and Lau 1997.
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Major groundwater issues in the MDB
The issues involving groundwater
within the MDB are largely the
result of European-style land uses
and the ways in which the
groundwater systems operate.
Four issues merit particular attention:
• land and water salinisation, particularly in the
Murray Basin and the southern and eastern fractured
rocks areas;
• overuse of groundwater, particularly in the Darling
River Basin;
• groundwater wastage in the Great Artesian Basin; and
• the potential for much greater use of groundwater in
many parts of the MDB.
Whilst in general terms, these issues are primarily
associated with particular parts of the Basin, they are by
no means confined to them. For example, salinisation is
not confined to the Murray Basin and the fractured rocks
areas, nor is the wastage of groundwater limited to the
Great Artesian Basin.

i. Rising groundwater levels
and land and water salinisation
The fundamental reason for the massive disruption of the
region’s groundwater systems has been the establishment
of European-style land uses involving the replacement of
the deep rooted native vegetation by shallow rooted
crops and pastures. Water that would have been used by
the native vegetation for transpiration now passes the
reduced root zone and enters the watertable. The
situation is further compounded by the distribution of
rainfall compared to the growing seasons of introduced
plants. The southern parts of the Murray-Darling Basin
are characterised by winter dominant rainfall, becoming
more uniform to summer dominant further northwards.
As the introduced plants have little need for water in the
dormant winter phase, maximum rainfall is available to
be transmitted through to the watertable. In places, the
increase in recharge has been 50 to 100 fold.
Underlying most of the southern part of the MDB is
the Murray geological basin (Figure 2). Known as the
Murray Basin, it has a limited storage capacity and the
sediments are largely saturated. Its thin and flat nature
means that it can fill quite rapidly, and there is evidence
that it has been subject to high water levels six or seven
times over the past 500,000 years. While previous fillings
took 2,000 to 3,000 years, the current one is taking less than
a hundred years, due to the land use changes in both dryland

Murray-Darling Basin Groundwater — a Resource for theFuture
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July 1980
Figure 9(b): Groundwater levels in the Calivil Formation
measured in Bore No. 51640 at Bridgewater in the Loddon Valley,
northern Victoria. The yearly rise and fall in groundwater level
are due to recharge during the winter months and groundwater
pumping in the summer. The very high rises occurred in very wet
years, in 1973, 1983, and 1993. However, the water level did not
return to the 1972 or 1982 levels even though there was mostly
average annual rainfalls in the intervening years. Source:
Victorian Groundwater Data Base, Department of Natural
Resources and Environment, Melbourne.
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Figure 9(a): Rising groundwater levels in the DenimeinBerriquin Irrigation Districts in southern New South Wales.
Source: Crabb 1997, 157.

and irrigated farming areas. Studies have indicated rises in
groundwater levels of up to 30 metres since the 1880s in
some locations, while over the past 25 to 30 years, there have
been significant rises throughout the southern parts of the
MDB, with only pauses during periods of drought (Figure 9).
Similar observations can be made for the uplands fractured
rocks aquifers adjoining the Murray Basin.
Of all the resource degradation problems associated
with groundwater, none is more significant than land and
water salinisation. The salinisation process is closely linked
to the changes in groundwater levels and flows. As the
groundwaters rise, the naturally-occurring salts (principally
sodium chloride) are dissolved and brought towards the
surface, where the salt is concentrated by evaporation.

Table 1: Area of land affected by dryland salinity in Australia
State
Western Australia

Known area salt affected,
in hectares, in 1996

At equilibrium*

1,804,000

6,109,000

South Australia

402,000

600,000

Victoria

120,000

1,200,000

New South Wales

120,000

7,500,000

Tasmania

20,000

Unknown

Queensland

10,000

74,000

Northern Territory

Minor

Unknown

2,476,000

> 15,483,000

Australia

*Source: PMSEIC 1999, 8. The potential area affected at equilibrium is the area prone to rising water tables and consequent salinisation if there is no further intervention.
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The concentration of salts affects plant growth and
production and may cause the death of all but salt-tolerant
(halophytic) vegetation. For salinisation to occur, it is
necessary to have both an increase in water reaching the
groundwater system and a source of salt to be moved to
the surface. If salt is not available, then only waterlogging
will eventuate, though this also causes substantial
reductions in agricultural production.
As indicated in the introduction, increasingly large areas
of land are being affected by dryland (Table 1) and
irrigation-induced salinisation. This results in adverse affects
on a large range of terrestrial and aquatic biodiversity
including large areas of native vegetation. Loss of biological
diversity is one of Australia’s biggest environmental
problems. Further, and increasingly significant and costly,
are the impacts on small and large towns and infrastructure
such as roads, especially along the inland slopes of the Great
Dividing Range and in irrigation areas.
Rising groundwater levels and the consequent
salinisation do more than affect the land. They also result
in increased base flow to rivers; however, if the
groundwaters are saline, river salinity levels increase. In
the southern parts of the MDB, the fractured rock aquifers
are generally too small to provide viable water resources
for intensive development, but they are giving rise to some
of the worst areas of dryland salinity and making a major
contribution to the salinity levels of the upper reaches of
many of the MDB’s rivers.
But this is not all. Salinity has long been a natural
phenomenon of the MDB’s rivers and the aquatic
ecosystems are able to cope with it and the natural
fluctuations in salt levels. Salt loads are derived from a
combination of salinty level and flow volume. Often the

An example of the way in which irrigation-induced high
watertables can cause waterlogging and salinisation affecting
plant growth. Such land degradation problems inevitably result
in reduced production and lower farm income.
highest salt loads occur during floods, when salinity levels
are actually quite low. Conversely, the highest salinity
levels occur during periods of low flow. With the large
quantities of water removed from the Basin’s rivers for
irrigation and other purposes, there is less water for
dilution and to undertake the natural transport of salts
from the Basin to the sea. Not only has irrigation
contributed to reduced river flows and hence increased
salinity by intercepting the dilution flows, it has also locally
aggravated the groundwater regime and
induced the return of salts to the rivers. In other words,
there has effectively been a ‘two-pronged’ increase.
Further, the increased base flows account for a higher
proportion of total flows within the rivers. The overall
result is a significant rise in river salinity levels.
There are two types of salinity increase. One is the
downstream increase in salinity linked to location – the
water is more saline the further downstream one goes. This
has long been known for the Murray (Figure 10), even
though a number of highlands rivers are actually more

An illustration of one of the urban salinity problems in Wagga Wagga, New South Wales. Located in a residential area, this
was until a few years ago a playing field, but is now useless because of waterlogging and severe salinisation, the result of rising
groundwater levels. There is virtually no surviving vegetation. Photograph courtesy Wagga Wagga City Council.
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In the Mallee areas of Victoria and South Australia, the clearing
of deep-rooted native vegetation for arable farming has resulted
in rising watertables and land salinisation. The photograph
shows water at the surface, waterlogging and an extensive saltencrusted area without any vegetative cover.

saline than the main stream of the Murray, indicating the
complexity of the system. Secondly, salinity may be
increasing over time when measured at the same point. In
recent times, salinity levels have been rising significantly
in numerous rivers. Initial hypothetical studies in the
Riverine Plain of Victoria indicated that if groundwater
levels continued to rise, then an increase in River Murray
salinity at Morgan of about 140 EC could be expected (the
figure is now put at over 200EC). Such predictions have
been extended by work covering the whole Basin, which
shows an alarming increase in salt loads and salinity
rising in many Basin streams, particularly the Lachlan and
Murrumbidgee and the central Victorian tributaries of the
Murray (Figure 11). Some predictions take the salinity
levels above the recommended maximum levels for human

consumption (800EC) in a number of parts of the MDB.
Whilst the implications of this are often mentioned in terms
of Adelaide and other places that depend on the lower
Murray for domestic water supplies, other locations are
already having to cope with high salinity levels. For
example, at Boorowa and Yass, salinity levels above 1,400
EC have already been recorded in town water supplies.
The overall situation in the southern MDB is clearly of
major concern. So, what is being done to tackle the salinity
problems? The first outcome of the MDB Initiative was the
Salinity and Drainage Strategy (SDS) signed by the
Commonwealth, South Australian, Victorian and New
South Wales governments in 1988. It provides the
framework for the co-ordinated management of salinity in
the River Murray and land salinisation and waterlogging in
the Murray-Darling Basin, especially in many of the
irrigation areas of the Murray and Murrumbidgee valleys,
and the improvement of river water quality.
The Strategy is based on a balance between
engineering solutions (salt interception schemes) and nonengineering solutions (land and water management plans
and river and storage operation). Salt interception schemes
have been built at Waikerie and Woolpunda in South
Australia, Mildura-Merbein in Victoria, and Mallee Cliffs in
New South Wales. By diverting flows of highly saline
groundwaters away from the River Murray to disposal
basins, they have reduced average salinity levels in the

Figure 10: The downstream increase in River Murray average annual salinity levels, from Hume Dam to the Goolwa Barrages.
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R I S I NG R I V E R S A L I N I T Y

Murray at Morgan by 63.7 EC units. The interception
schemes tap into the shallowest aquifer at each site, the
Murray Group limestones in the South Australian
Riverland and the Pliocene Sands Aquifer further
upstream. In return for contributing to the costs of the four
interception schemes, New South Wales and Victoria
received a number of salinity credits which have enabled
them to undertake drainage works in some of their
irrigation areas. Drainage schemes are essential for the
continued viability of a number of irrigation areas along
the upper and middle reaches of the Murray and
Murrumbidgee. The result of the drainage works has been
some additions to river salinity. The net result of the
actions, however, is an improvement in river water quality.
Longer-term measures include changes to land and water
management, especially through the rehabilitation of
irrigation schemes and improved irrigation efficiency.
The Strategy has had a number of significant impacts
on the salinity problems in the MDB and especially in the
Murray Valley. These include increasing awareness of the
downstream salinity impacts of developments undertaken
upstream; protecting the river from inappropriate
development; initiating community debate on salinity
and drainage issues; and reducing salinity in South
Australia. Nonetheless, in spite of some evolutionary
changes in the ten years since it was put in place, the
Strategy is essentially a reflection of the salinity problems
as they were known in the late 1980s. But the problems
are now much greater. For example, developments
undertaken between 1988 and 1994 have increased the
average salinity at Morgan by 10.5 EC. Further, as
indicated above, studies have confirmed the increasing
incidence and predicted a greater impact from dryland
salinity throughout the Murray-Darling Basin, including
its contribution to rising salinity levels in many of the
Basin’s rivers. These rises will eliminate the gains that
have been achieved through the SDS. As a result of the
increasing extent and severity of the problems, the
Salinity and Drainage Strategy is being reviewed, with a
new strategy to be developed by mid-2000. One potential
outcome is a comprehensive Salinity Management
Strategy that would cover the whole Basin and deal with
all aspects of salinity.
At the local and regional levels, much work continues
to be done to address the essentially groundwater problems
of rising watertables and increasing salinity levels. The
following are some illustrations. In the upper reaches of the
Goulburn-Broken catchment, investigations are being
undertaken to determine if some of the smaller alluvial
aquifers can provide a local water supply for irrigation and
so contribute to controlling salinity. It is acknowledged that
these systems are highly variable over short distances and

Indicates
rising trend

Figure 11: Major rivers in the Murray-Darling Basin with
rising salinity levels over the period 1975-1995.
Source: Williamson et al. 1997.
though some are high-yielding, their reliability as a water
source is unknown. In the Shepparton irrigation region,
research undertaken in connection with complementary
groundwater and salinity management plans is adding to
knowledge of groundwater resources and the ways in
which groundwater moves through the region. Such
knowledge is particularly important in tackling the potential
for conflict between those irrigators who pump water for
use and those who pump for salinity control.
An increasingly important option for controlling rising
groundwater levels is the use of any available groundwater
as a resource, thus reducing the pressures in the aquifers
and turning the groundwater into an economic good. In
some areas where no surface water is available, such as the
Conargo-Hay-Carrathool district, groundwater is becoming
increasingly significant. The increasing demands on surface
water sources is causing irrigators to turn increasingly to
groundwater. However, at a number of locations in the
Riverine Plain, it is already clear that the longer-term use
of the saline-sodic groundwaters is not sustainable without
the use of gypsum as a counter to increased soil
sodification rates. At the same time, too much gypsum
may result in increased infiltration and groundwater
recharge, especially under rice. Thus this is yet another

Murray-Darling Basin Groundwater — a Resource for theFuture
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TRENDS IN DARLING RIVER BASIN
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Figure 12: The bore hydrographs show water level trends typical of various hydrogeological zones within the Darling River Basin.
Bore 21412 is located in the lower Namoi Valley and intersects an aquifer 11 to 49 metres below the surface. The long-term trend of the
hydrograph is a gradual rise, but also shows the rapid recharge followed by slow regression characteristic of a shallow aquifer near a river.
Bore 25146 is also located in the lower Namoi Valley and intersects an aquifer 5 to 45 metres below the surface. The water level shows a
significant downward trend since the late 1970s. Large-scale pumping of groundwater for irrigation in the vicinity has had significant
long-term effects on the water level. The seasonality of the pumping is clearly evident.
Bore 30206 is located in the Macquarie Valley near Narromine. It intersects an aquifer 11 to 21 metres below the surface. Situated in the
alluvium, this bore shows the steady rise in water levels that is typical of the area. The depth to watertable in most of the area is still deep
enough to prevent any short-term problems, but a continuing rise will pose a threat in the future.
Bore 42231121 is located in the dryland farming area of the Condamine Region and intersects the basaltic fractured rock aquifer.
The fractured rock aquifers are well developed for water supply purposes and in areas of high use, water levels have declined. This bore is
in a less developed area and shows a slight water level rise, fluctuating with climatic extremes.
Bore 42230025 is located in the irrigation area of the Condamine Region and intersects the Condamine River Alluvium. The hydrograph
shows a steady decline in water level resulting from the use of groundwater resources in the alluvial aquifer. Source: Evans et al. 1994.
case where a potential solution to a problem has the
potential to create other problems. It is for this reason that
limits are now having to be placed on the use of
groundwater in the interests of the long-term
sustainability of the resources. In addition, care must be
taken to avoid the pollution of good quality aquifers by
inflows from nearby more saline aquifers as a result of
poor management practices. A number of good
management practices including land zoning will be
needed to ensure that land use is compatible with
groundwater protection. Nonetheless, every opportunity
has to be taken to reduce groundwater levels, as the
processes already in train, with continuing greater
recharge than discharge and the rates of groundwater
movement, will ensure continuing future problems.
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ii.The overuse of groundwater
Whilst the major issue in the Murray Groundwater Basin
and adjoining areas of fractured rocks is that of rising levels
and associated salinisation, the situation in the northern
parts of the MDB is quite different. In large measure
because of the lower reliability of the surface water flows,
there is a much greater reliance on groundwater for
irrigation development. This is reflected in the high rates of
use and declining groundwater levels and pressures. There
are also problems of nutrient pollution of the groundwaters.
The situation is becoming particularly serious in the
shallow aquifers of the Darling River Basin (Figure 2). These
aquifers are high yielding, but much remains to be learned
regarding their recharge rates before the sustainable yields of
these groundwater systems can be accurately determined.
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Uncontrolled flowing bores, such as this one near Cunnamulla in Queensland, may provide watering points for livestock and native
animals, but they are also the cause the wastage of significant quantities of groundwater from the Great Artesian Basin.

The Lower Namoi Valley provides a good illustration. The
Valley’s irrigated agriculture makes use of both surface water
and groundwater. Under the terms of a conjunctive use
policy, access to groundwater depends on the availability of
surface water. In spite of this, groundwater levels continue to
decline. The long-term annual recharge of the Valley’s
aquifers from all sources is estimated to be 95,000 ML, which
is regarded as the ecologically sustainable yield. However,
there is over-allocation of groundwater, with some serious
local depletion, while in drought years, there is significant
over-use, up to 199,000 ML. At the same time, all of the
surface water is allocated leaving none available for recharge,
apart from the estimated average 36,000 ML that is lost from
the streams to groundwater each year. Thus even when no
demands are being made on the groundwaters, there is not
enough water or time for the depleted aquifers to recover.
Thus the levels continue to decline. The conjunctive use
policy is based on maintaining a water supply to water users,
rather than on managing the total surface and groundwater
resources for their long-term sustainability. Without a focus
on long-term sustainability, conjunctive use and
management will not fulfil their potential.
Further north, the Condamine Valley highlights the
complex hydrogeology of the Darling River Basin aquifers
and the importance of continuing research. Currently,
groundwater is a major source of water for irrigation and for a
number of communities, including Dalby, Pittsworth and
Milmerran. Overall, extraction exceeds the sustainable yield,
but the over-use is not a problem that is distributed uniformly
across the Valley. This is because the groundwater system
consists of three main aquifer units, which are continuous

down the valley but not across the valley. In some locations,
groundwater levels have declined significantly (up to one
metre a year over 30 years), in others they are more or less
static, while in some others there have been slight rises
(Figure 12). To ensure their sustainability, the groundwater
will have to be managed conjunctively with the surface water
resources, not least to improve recharge of the aquifers, both
naturally and artificially. These are among the issues being
addressed by the Queensland Government’s Water Allocation
and Management Planning (WAMP) process.
There is a further aspect to the over-use issue. Established
groundwater users, essentially those making use of the water
for stock and domestic purposes, are becoming increasingly
concerned at the declining water pressure levels, largely as a
result of irrigation developments. For example, some farmers
south of Goondiwindi have experienced a six metre drop in
level in their wells in two years, coinciding with nearby
irrigation developments, resulting in significant increases in
their pumping costs. Such issues raise questions regarding
the equitable sharing of the resources, as well as their
sustainable yields.

iii. Groundwater wastage in the
Great Artesian Basin
The GAB underlies predominantly arid and semi-arid
areas, where surface water resources are few and
extremely unreliable. As a result, it is the only significant
source of water for towns, farms and stock, as well as for
mining and tourism, over a large part of Australia. Without
it, it is unlikely that these activities would be possible.
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GAB groundwater serves over 200,000 people and
maintains important natural and cultural heritage
resources and underpins production valued at some $3.5
billion a year. Over 35,000 bores have been drilled, with
an average depth of 500 metres, but some going down to
2,000 metres. Where used for agriculture, the bores are
often associated with open distribution channels or drains,
of which there are well over 30,000 kilometres.
A number of problems are associated with the use of
the GAB’s groundwater, including over-extraction and
declining natural flows, with pressure declines of up to 100
metres, especially in the southern Queensland portion of
the Murray-Darling Basin. Many bores have ceased to flow
naturally. This suggests that locally withdrawals exceed the
capacity of the aquifer to transmit water to the extraction
point; in other words, water is being locally drawn from
storage. The issue here is not one of extraction exceeding
recharge, but rather of the extraction rate exceeding the
local flow rate within the aquifer.
The most serious problem is reduction in pressure levels
caused by uncontrolled flowing bores. Some 18 per cent of
the GAB’s 4,700 artesian bores have no controls, resulting

Windmills pumping groundwater to the surface for
stock and domestic purposes are a familiar sight in
much of rural Australia and especially in the arid and
semi-arid areas where surface water sources are limited
or unavailable.
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in continuous discharge to watercourses, pools, swamps
and drains, and the wastage of large quantities of water.
The free-flowing water gives rise to a variety of degradation
problems, such as salt affected drainage lines, erosion, and
woody weeds, and a water source for native and feral
animals (especially pigs). It is estimated that over 90 per
cent of the water extracted is wasted because of uncontrolled
bores and inefficient water distribution systems.
In order to reduce wastage and partially restore artesian
pressures, a major rehabilitation project is being
undertaken. The joint ‘Bore Capping and Piping Program’,
funded by the Commonwealth Government, State
governments, and landholders is making a major
contribution to the installation of control structures on the
free-flowing bores, so that water only flows when it is
required, and the replacement of the surface distribution
drains by pipelines. The result has been a dramatic
reduction in wastage and water use, allowing water
pressures and levels to stabilise and even rise. Piping the
water also permits improved water and land management
on properties, with reduced resource degradation. These
changes are critically important to the parts of the GAB
within the MDB as well as beyond.
One of the first to be ‘capped and piped’ was the Milroy
Bore. Located 65 km north of Moree, a group of 22 graziers
and farmers capped the Bore and replaced 76 km of open
channels with 143 km of pipelines to distribute water to their
properties. The pipes are made of special plastic that can cope
with the water’s 51°C temperature when it comes out of the
ground. The change has increased the efficiency of water use
from 4 to 94 per cent, while water pressure rose by 20 per
cent within six months of the bore being capped. Formerly,
96 per cent of the free-flowing discharge of 821,000 litres a
day had been lost by evaporation and seepage. The former
channels provided a very unreliable water supply, except to
those users close to the Bore. Now, the $600,000 scheme
provides a reliable and higher quality water supply to all
members of the group year round, with significant benefits
to agricultural activities and living conditions. The property
owners will pay for their investment in only a few years.
With new uses, such as mining and tourism
developments, having the potential to make significant
demands on the groundwater resources, to the possible
detriment of other existing users and the environment
(especially the mound springs and their local ecosystems),
the need for greatly improved management is clearly
evident. The issue is not just one of sustainability, as the
GAB holds an almost infinite store of water, but also one of
equity, that is, all those wishing to have access to the
resources should be able to do so in an equitable fashion.
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In the Campaspe West district of northern Victoria, an important dairy farming area based on irrigated pastures,
groundwater pumps are used to lower the groundwater tables and assist in the reclamation of saline areas.
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Table 2: Groundwater Resources in the Murray-Darling Basin (excluding the GAB aquifiers)
Location

Aquifer
depth

Number
of bores

Current
allocation,
ML/year

Estimated
sustainable
volume,
ML/year1

Estimated
current
usage,
ML/year2

Average
salinity
level,
mg/l3

Range of
usage
salinity level,
mg/l3

NSW: Southern
Riverine Plain, Murray

Shallow
and deep4

285

327,150

136,000

90,000

< 1,000
< 1,000

100-7,000
200-5,000

NSW: Mid-Riverine
Plain, Murrumbidgee

Shallow
and deep

197

498,000

226,000

241,000

< 1,000

100-7,000
100-5,000

NSW: Darling River,
Alluvium

Shallow

Uncertain

500

< 1,000

100-7,000

Vic: Riverine Plain

Shallow
Deep

700
100

40,000
100,000

200,000
40,000

70,000
20,000

1,000
1,000

500-3,000
300-1,500

Vic: Mallee
and Wimmera

Deep

50

25,000

50,000

5,000

1,000

800-3,000

Vic: Grampians
fringes

Shallow
Deep

20
10

1,000
1,000

4,000

100

1,500

500-3,000

SA: Coastal Plain

Shallow

400

90,000

100,000

60,000

1,500

1,000-4,000

Deep

75

46,000

80,000

17,000

< 1,500

800-7,000

NSW: Lower Macquarie

71

158,628

67,600

30,298

NSW: Upper Macquarie

170

39,887

??

11,966

NSW: Cudgegong River

154

16,575

13,340

1,970

NSW: Lower Lachlan

43

222,229

74,000

33,272

NSW: Upper Lachlan

226

120,250

907,931

30,063

NSW: Belubula River

56

18,983

7,500

7,593

NSW: Border Rivers

65

22,670

15,000

3,358

NSW: Gwydir River

190

74,953

30,000 ?

43,013

NSW: Upper Namoi

495

310,398

115,700

88,010

NSW: Lower Namoi

470

198,852

95,000

91,000

3,625

190,279

163,500

125,250

31

14,771

15,000

3,222

SA: Mallee

Qld: Upper Condamine
Catchment
Qld: Border Rivers

Notes: 1. Estimated sustainable volume applies to groundwater of a usable quality. 2. Average years: significant variation may
occur from year to year. 3. 1 mg/l is equal to approximately 0.6 EC. 4. Shallow typically means less than 50 metres depth; deep
typically means greater than 50 metres depth. Source: MDBC Groundwater Reference Group

Great Artesian Basin Consultative Council
Like the MDB, the GAB is an inter-jurisdictional
resource, thus requiring joint action by the various
governments involved. This is being undertaken through
the Great Artesian Basin Consultative Council, which
brings together the governments of Queensland, New
South Wales, South Australia and the Northern Territory,
together with landholders and other stakeholders. In
November, 1998, the Council released a draft Strategic
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Management Plan, a $220 million strategy to protect and
restore the GAB’s groundwater consistent with guidelines
set out in the Council of Australian Governments’ (COAG)
Water Reform Framework. Among other things, increased
attention is being given to the integrated management of
the GAB’s land and water resources by all of the
responsible governments. One such issue is the increased
withdrawals of groundwater for intensive activities, such as
feedlots and industry, in locations adjacent to recharge areas.
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VA R I A T I O N S I N G R O U N D W A T E R S A L I N I T Y

0 – 500

3 000 – 7 000

500 – 1 000

7 000 – 14 000

1 000 – 1 500

14 000 – 35 000

1 500 – 3 000

1 500 – 3 000*

3 000 – 35 000*

*Based on limited data availability

Figure 13: Variations in groundwater salinity levels. As this illustration from the Border Rivers area of Queensland and New South
Wales shows, the problem of variations in groundwater salinity levels over short distances is not confined to the Murray Basin. Source:
Evans et al. 1994.

iv. Groundwater
the under-utilised resource
Given the nature of the issues outlined in the above sections,
it is hardly surprising that much of the research on the MDB’s
groundwater has focussed on the problems and their potential
solutions. But the research is also having other outcomes; this
includes providing much more information about the
availability of groundwater. It is increasingly clear that the
groundwater potential of many parts of the MDB is
considerable and groundwater is an under-utilised resource.
In the Murray Basin aquifers, the recoverable reserves of
groundwater are now known to be much greater than was
earlier believed, with current use in most areas only a very
small percentage of the sustainable yield (Table 2). There are a
number of reasons for this, including a lack of incentive for
the development of existing allocations, the availability of
surface water, high start-up capital costs for the use of
groundwater, and the highly variable water quality, often
over short distances (quite apart from the sodicity problems

indicated earlier) (Figure 13). Of the shallow groundwaters,
the best quality water is found around the Basin's margins,
especially in the east and south-east and the south-west, in
the South Australian Mallee. In other areas, especially
adjacent to the course of the River Murray downstream of its
confluence with the Murrumbidgee, the groundwaters are
highly saline. Where the quality is good, the potential for
conjunctive use of groundwater and surface water is high in
parts of the Murray Basin, as in the Darling River Basin.
Good quality groundwater represents a major economic
resource, for use on its own and conjunctively with surface
water, as was illustrated earlier. It can also be argued that the
existence of a number of subsidies lowering the cost of
surface water in many areas has resulted in under-utilisation
of groundwater as a water supply. In many cases, if the full
cost of surface water was charged, groundwater would be a
more attractive alternative to surface water. This resource
will still need to be managed wisely to ensure that over
extraction and pollution do not compromise it in the
longer term.
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The changing picture
The changes that have been made to
the land use of the Murray-Darling
Basin over the past 150 years have
caused massive disruption of the
region’s groundwater systems and
contributed to major land and water
degradation problems.

I

f the major problems are to be tackled and if the
groundwaters are to provide a sustainable source of water
for the long-term, then much more needs to be known
about them, in terms of the qualities and quantities of water
stored in the aquifers, the ways in which water moves
through the aquifers, and the rates at which they are
recharged (Table 3). Only when such information is known
can sustainable yields and extraction intensity limits be
determined for each system, to ensure that extraction does
not exceed recharge. It is only by understanding the
groundwater processes, both local and regional, that effective
management plans can be formulated to ensure the
sustainability of the resources and to combat the spread of
salinity and other related resource degradation problems in
the MDB. To protect the continuing quality of groundwater
systems, effective land use zoning and bore management will
need to be implemented. At the same time, it has to be
recognised that salinity is essentially a groundwater problem.
A further point has been highlighted by recent research.

There is now much greater awareness of the links between
groundwater, surface water and other natural resources that
make up the MDB’s many catchment ecosystems, both
terrestrial and aquatic. Land and water management practice
needs to ensure that there is no loss of biodiversity. One part
should not, and cannot, be considered to the exclusion of
others. For example, it has already been pointed out that an
increasing proportion of the flow in many of the MDB’s rivers
is base flow. Thus, for management purposes, surface and
groundwater must be regarded as one, as an inter-related
whole. As indicated earlier, this should be the objective of
conjunctive use and management. A good example is the
approach being developed in the Condamine Valley.
Gradually, increased attention is being given to
groundwater resources, in both qualitative and quantitative
terms. Quality issues are being examined in a number of
projects being undertaken by the Australian Geological
Survey Organisation, the Bureau of Rural Sciences, the
CSIRO, and State government and other agencies. Among
the pollutants being studied are pesticides, herbicides, nitrates,
and faecal indicator bacteria. These are particular problems in
areas of more intensive farming with the greater use of
agricultural chemicals. Quite apart from the impact on the
quantities of groundwater available, overuse can also
contribute to quality problems. In some locations, excessive
long-term lowering of water levels can cause contamination
of productive aquifers with saline groundwater.
In many parts of the MDB, groundwater management
plans are being developed to address the many issues that
have been identified at the regional level. This is a recognition
of the fact that the management issues are different in
different parts of the MDB and that there are often significant
differences over short distances.

Table 3: Importance of Management Issues for Groundwater in Different Regions of the Murray-Darling Basin
Issues

Uplands

Murray
Riverine
Plain

Murray
Mallee

Northern
Riverine
Plain

Coastal
Plain

Semi-arid
Rangelands

Minimise saline
groundwater flow to rivers

N

H–M

H

L

N

L

Sustainable groundwater
irrigation development

L

H

H

H

M

L

Management of existing
groundwater irrigation areas

N

H

H

L

H

N

Minimise the impact of
dryland salinity

H

M

M–L

M

H

L

Conjunctive use

N

H

N

H

N

L

Groundwater quality
protection

M

H

M

H

M

L

Irrigation land salinisation

N

H

M

L

L

N

H: high importance; M: medium importance; L: low importance; N: nil importance. Source GWG 1996b, 8.
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A national resource for the future
It is clear that groundwater is of
fundamental importance in Australia,
yet it still does not have the place that
it should in the management of
Australia’s natural resources.

G

roundwater resources are being utilised in many
areas. However, only 15 per cent of the estimated
total sustainable yield of some 26 million ML a year is
being used. It is estimated that groundwater accounts for
some 18 to 20 per cent of all water used in Australia and
approximately 12 per cent of irrigation water. In the inland
arid and semi-arid regions, the figure rises to 50 to 100 per
cent. Approximately 700,000 people are fully dependent
on groundwater for their water supplies and a further 2
million are partially dependent. With limited surface water
resources, Australia will become increasingly dependent on
groundwater. Restrictions on the use of surface water and
increases in its cost will, other things being equal, make
groundwater much more attractive to many users. There
can be no doubt that groundwater is a major resource.
The challenges for groundwater management are many,
not least the inter-relationships between groundwater and
surface water. There are clearly long term effects of
groundwater usage on surface water availability (and vice
versa), on natural ecosystems, and on the availability of
water resources for future generations.
In the northern parts of the Murray-Darling Basin, much
work is needed to understand and quantify the relationship
between recharge from the surface water systems to the
alluvial fan aquifers, and leakage from these into the GAB
aquifers immediately below. If, as appears to be the case, the
groundwater resources of many of these areas have been
fully allocated, careful management is needed. This is
especially so now when increasing restrictions have been
placed on the use of surface water thereby causing increased
attention to be given to groundwater alternatives. In the
southern parts of the Basin, groundwater usage can also play
a positive role by reducing rising groundwater levels, but this
has to be carefully managed.
In keeping with the COAG water reform agenda, the
achievement of efficient sustainable yields for aquifers,
with allocations limited to the sustainable yield where
appropriate, has been identified as a key policy objective by
the Agriculture and Resource Management Council of
Australia and New Zealand. Another objective is the
improved integration of surface water and groundwater
management. There must also be a clear focus on
minimising salinity problems.

A study is being undertaken of the status of
groundwater throughout the Murray-Darling Basin.
Consistent and regular monitoring of groundwater levels
and quality will not only provide information on the
availability of groundwater as a resource, but also indicate
the success of the MDB Initiative’s policies aimed at
limiting environmental damage within the Basin.
The groundwater systems respond very slowly to the
massive disturbances that have been outlined in this booklet.
That is why the full consequences of the human impacts
have begun to be felt only after decades, or even a century
after the actions which have caused the changes. As has
been observed, “we now know that the incipient degradation
processes will often continue for centuries to come. We have
released a timebomb with a slow fuse… Things will get
worse before they get better”. Decisions made today
regarding land and groundwater management will have
implications for many generations. ‘Doing-nothing’ is not a
viable option as the degradation processes will continue and
accelerate. There must be change in the way land and water
are currently managed. This change will involve accepting
the presence of salt and learning to live within a saline
environment. It will involve the management of
groundwater as part of the total hydrological system with a
focus on achieving long-term sustainable use and the
minimisation of salinity problems. It is imperative that the
remaining groundwater resources are properly managed in
the future to ensure that we do not continue to repeat
mistakes of the past. Remediation of problems associated
with groundwater is expensive and in some cases impossible.

Drilling for groundwater.
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Glossary
Alluvium:

clays, sands, gravels and other materials that are transported and deposited by running water and
which typically form a floodplain.

Aquifer:

materials below the surface of the ground which can store and transmit groundwater. Aquifers
generally occur in sands, gravels, limestone, sandstone, or highly fractured rocks.

Aquitard:

a layer that retards but does not prevent the movement of water to or from an adjacent aquifer.
Aquitards usually comprise materials such as siltstone, mudstone, marl, or clay.

Artesian:

groundwater which rises above the surface of the ground under its own pressure by way of a spring
or when accessed by a bore.

Artesian bores:

those having a static water level (head) above the top of the aquifer being tapped. If the head is
above ground level, the bore is free-flowing unless capped.

Australian Height Datum (AHD):

the reference point (very close to mean sea level) for all elevation measurements, used for depths of
aquifers and water levels in bores.

Baseflow:

the component of flow in a river which has come from groundwater discharge.

Bore/well:

a structure drilled or dug below the surface to obtain water from an aquifer system.

Confined aquifer:

a term used by the gold miners of Victoria to describe an aquifer which is bounded above and below
by aquitards which inhibit groundwater recharging or discharging from the aquifer. Confined
aquifers are normally unconfined at their recharge sites. Groundwater stored in such aquifers is
under pressure which may become artesian if the pressure is great enough.

Conjunctive use:

the combined use of surface water and groundwater storage to optimise total available water resources.

Deep lead:

an aquifer at great depth formed in the sand and gravel that has filled an ancient river valley and
been covered by more recent deposits. It may lie at depths of up to sixty metres or more and be
several kilometres wide. Deep leads are the major regional aquifers under the Loddon, Campaspe
and Goulburn Plains in northern Victoria.

EC:

an acronym for Electrical Conductivity unit. 1 EC = 1 micro-Siemens per centimetre, measured at
25°C. It is used as a measure of water salinity (see salinity below).

Fractured rock aquifers:

these occur in igneous and metamorphosed hard rocks which have been subjected to disturbance,
deformation, or weathering, and which allow water to move through joints, bedding plains and faults.
Although fractured rock aquifers are found over a wide area, they contain much less available
groundwater than surficial and sedimentary aquifers and, due to the difficulty of obtaining high yields,
the quantities of water taken from them are relatively low.

Groundwater:

water which occurs beneath the ground surface and which is stored in an aquifer.

Impermeable layers:

layers of rock which do not allow water to pass through them.

Infiltration:

the movement of water from the land surface into the ground.

Local groundwater systems:

aquifers which respond rapidly to recharge due to a shallow watertable and/or close proximity of the
recharge and discharge sites. These types of flow systems occur almost exclusively in unconfined aquifers.

Megalitre (ML):

one million litres.

Metamorphic rock:

rock that has been altered through heat, pressure, stress or chemical action.
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Mound springs:

these occur in the south-western and western margins of the Great Artesian Basin. When the water
comes to the surface in the arid environments, minerals are precipitated around the spring by
evaporative concentration and cooling. The springs are sites of rich endemic flora and fauna. They
have long been important to the Aboriginal people and to the pastoral industry.

Permeable strata:

layers of rock through which water can pass.

Recharge:

the process which replenishes groundwater, usually by rainfall infiltrating from the ground surface to
the watertable and by river water entering the watertable or exposed aquifers; the addition of water
to an aquifer.

Regional groundwater systems:

extensive aquifers which take longer than local systems to respond to increased groundwater
recharge because their recharge and discharge sites are separated by large distances (>10 km), and/or
they have a deep watertable. Unconfined aquifers with deep watertables that are part of regional
flow systems may become, in effect, local flow systems if there is sufficient recharge to cause the
watertable to rise close to the surface (< 5m).

Salinity:

the concentration of sodium chloride or dissolved salts in water, usually expressed in EC units or
milligrams of total dissolved solids per litre (mg/l TDS). The conversion factor is 0.6 mg/l TDS = 1 EC unit
is used as an approximation.

Salinisation:

the accumulation of salts via the actions of water in the soil to a level that causes degradation of the soil.

Sedimentary aquifers:

these occur in consolidated sediments such as porous sandstones and conglomerates, in which water is
stored in the intergrannular pores, and limestone, in which water is stored in solution cavities and joints.
These aquifers are generally located in sedimentary basins that are continuous over large areas and may
be tens or hundreds of metres thick. In terms of quantity, they contain the largest groundwater resources.

Sub-artesian:

water which does not rise above the surface of the ground when accessed by a bore and must be
pumped to the surface,

Surficial aquifers:

these occur in alluvial sediments in river valleys, deltas, and basins, in lake or lacustrine sediments, and
in aeolian or wind-formed deposits. They are essentially unconsolidated clay, silt, sand, gravel, and limestone formations, mainly of Quaternary age (under 1.8 million years). These deposits are easily exploited
and are the major sources of freshwater groundwater when associated with larger river systems.

Sustainable yield:

for a groundwater system, the quantity of water that can be used without permanent depletion of
the resource; it is generally considered to be equivalent to the rate of recharge, minus the volumes
required to maintain ecosystems.

Total dissolved solids (TDS):

a measure of the salinity of water, usually expressed in milligrams per litre (mg/l). Sometimes TDS is
referred to as total dissolved salts, or as TSS, total soluble salts. See also EC.

Transpiration:

the loss of water vapour from plants.

Unconfined Aquifer:

an aquifer that contains the watertable and is normally exposed to the surface. Occasionally there
may be a layer overlying this type of aquifer protecting it from the surface.

Watertable:

the upper level of the unconfined groundwater, where the water pressure is equal to that of the
atmosphere and below which the soils or rocks are saturated. It is the location where the sub-surface
becomes fully saturated with groundwater; the level at which water stands in wells that penetrate
the water body. Above the watertable, the sub-surface is only partially saturated (often called the
unsaturated zone).
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FURTHER INFORMATION
Further information on groundwater and related topics in the
Murray-Darling Basin may be obtained from the following websites.
Murray-Darling Basin Commission: www.mdbc.gov.au
Australian Geological Survey Organisation: www.agso.gov.au
Bureau of Rural Sciences: www.brs.gov.au
CSIRO Land and Water: www.clw.csiro.au
Land & Water Resources Research and Development Corporation:
www.lwrrdc.gov.au
Queensland Department of Primary Industries: www.dpi.qld.gov.au
Queensland Department of Natural Resources: www.dnr.qld.gov.au
NSW Department of Land and Water Conservation: www.dlwc.nsw.gov.au
NSW Agriculture: www.agric.nsw.gov.au
Natural Resources and Environment Victoria: www.nre.vic.gov.au
Primary Industries and Resources South Australia: www.pir.sa.gov.au
Environment ACT: www.act.gov.au/environ
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