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A better understanding of non-
renewable groundwater resources and 
associated groundwater dependent 
ecosystems is a key in developing 
management strategies that balances 
the economic, social and environmental 
benefi ts and costs of alternative 
management approaches.

Because of the distances involved and 
the nature of the resources, an effective 
monitoring regime will be a particular 
challenge, but reliable information about 
the use of the resource is a prerequisite 
to safeguarding the resource for the 
benefi t of future generations.

Groundwater is recharged by rainfall 
or surface water.  Some groundwater 
resources receive little or no recharge 
or are recharged by episodic events 
and can be considered non-renewable 
over any reasonable time period.  These 
resources are mainly in the arid and 
semi-arid zones.

Non-renewable groundwater resources 
have brought important benefi ts to 
the Australian community.  Most of 
Australia’s mining and petroleum 
resource industries, much of the 
pastoral industry and many towns are 
located within the arid and semi-arid 
climatic zones and are dependent on 
non-renewable groundwater.

The extent of non-renewable 
groundwater resources, the 
characteristics of the aquifers and 
the implications of different rates of 
extraction are not well understood.
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Non-Renewable 
Groundwater in Australia
Groundwater accounts for approximately 20 
percent of all water used in Australia.  Most 
groundwater resources are renewable and are 
recharged by infi ltration of rainfall or by surface 
water from creeks, rivers, lakes and from fl oods.  
In the arid and semi-arid zones of Australia, 
the period of time between recharge events 
can be so long that the resources are, over any 
reasonable time scale, best managed as a non-
renewable resource.  

Especially in the arid zone, groundwater sustains 
important natural and cultural values.  It has 
underpinned much of the European settlement 
and economic development across the inland 
part of Australia.  Pastoral activities and many 
towns in large parts of Queensland, New South 
Wales, South Australia, Western Australia and 
the Northern Territory would not be feasible 
without access to non-renewable groundwater.  
Similarly, many large-scale mining projects and 
much of the petroleum production across the 
arid zone are wholly dependent on groundwater, 
much of it from non-renewable resources.

Characteristics of non-renewable groundwater 
resources can include: 
• Recharge areas in arid or semi-arid climates 

with infrequent and low rainfall and high 
evaporation,

• Aquifers or water-bearing rocks that are 
replenished over a very long time (in the order 
of 100s to 1000s or more years), 

• Aquifers that have been recharged in past 
geological times during different climate 
conditions (particularly at times 1000s to 
10 000s years ago) and are unlikely to be 
recharged in current climate conditions.

These characteristics are typical of aquifers 
across the Australian arid zone.  

Across central Australia and the northwest, 
mean annual rainfall varies between 100 mm 
and approximately 400 mm (Figure 1), but 
average annual evaporation can reach up to 
4000 mm.  Recharge of aquifers through this 
area depends on high rainfall events that may 
occur at intervals of one or more decades often 
associated with the passage of rain-bearing 
depressions resulting from tropical cyclones.  
This high intensity, short duration rainfall of up to 
200-300 mm or more in a few consecutive days 
often results in extensive fl ooding and can lead 
to useful recharge of many aquifers. 
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Figure 1: The Arid Zone and rainfall in Australia
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continent’s total area is entirely dependent 
on groundwater and in another 20 percent 
groundwater is the major source of water.

Estimates of groundwater use vary, however, 
there is agreement that groundwater use has 
increased very signifi cantly in recent years, 
growing by around 90 percent over the past two 
decades (1985 to 2005). 

The population of the Australian Arid Zone is 
about 370 000.  Of a total of approximately 172 
300 employed persons, 23 300 were employed in 
mining and 27 700 in agriculture.  

Across the arid zone, pastoral activity 
fl ourished during the late 19th and most of 
the 20th centuries because of the availability 
of groundwater.  Most homesteads and 
towns in these areas are entirely dependent 
on groundwater.  Similarly, most mining and 
petroleum developments (and associated 
settlements and towns) in the Arid Zone are 
dependent on non-renewable groundwater 
resources. 
 

Groundwater ages or groundwater travel 
times of more than one million years have 
been measured near the centre and the 
southwestern margin of the Great Artesian 
Basin.  Artesian groundwater taken from these 
areas of the Basin entered the recharge beds 
along the western slopes of the Great Dividing 
Range and along the western margin of the 
Basin in the dry, arid centre of the continent as 
rainwater that long ago.  

In circumstances such as these, the 
groundwater contained in most aquifers in the 
arid zone of the continent could be considered 
non-renewable for most planning and water 
management purposes.  

Groundwater use in 
Australia
Groundwater is widely available in Australia, 
especially in the arid interior, but it varies 
greatly in quantity and quality in different 
parts of the country (Figure 3 - Groundwater 
in Australia).  More than 60 percent of the 

Figure 2: Types of aquifers
– Unconfi ned aquifer, recharge by rainfall infi ltrates to groundwater table and from river to 
groundwater table
– A confi ned aquifer: recharge enters the aquifer where it is open to rainfall or surface water.  Under the 
infl uence of gravity, it moves through the aquifer to emerge as fl owing artesian water and non-fl owing 
artesian (sub-artesian) water in fl owing and pumped bores or as a fl owing artesian spring.
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The annual export value of mineral resources 
mined in the Arid Zone is estimated at 
approximately $ 25 billion or about one-third of 
Australia’s total mineral resources exports.

Pastoral and homestead demands are 
individually small and can usually be obtained 
locally without creating a major drawdown of 
the groundwater resource.  

A signifi cant exception is the Great Artesian 
Basin (Box A) where more intensive 
development of the groundwater resource, 
mainly for pastoral and domestic use, and 
uncontrolled fl ows have seen a decline of 
up to 120 m in regional artesian groundwater 
pressures (Habermehl, 2001).  Flows from 
artesian waterbores were typically distributed 
by open earth bore drains, with up to 95 percent 

of the water lost to evaporation or seepage.  
In some cases, natural springs and bores that 
previously operated under artesian pressure 
have stopped fl owing.  

In recent years, Australian and State 
Governments have instituted programs (GAB 
Bore Rehabilitation Program 1989-1999 and 
GAB Sustainability Initiative-GABSI, 1999-
2009) aimed at rehabilitation of approximately 
1300 uncontrolled  and corroded fl owing 
artesian waterbores and piping of their 
discharges.  A further round of funding by the 
Australian Government was announced on 
25 January 2007.  This funding will complete 
the rehabilitation of artesian waterbores and 
replace bore drains by polyethylene piping, 
beyond the present phase, which is ending in 

Figure 3: Groundwater in Australia
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BOX A – Great Artesian 
Basin

The Great Artesian Basin underlies arid and 
semi-arid regions across 1.7 million km2 or 
one-fi fth of Australia.  The discovery of the 
Basin’s artesian groundwater resources 
and the drilling of the fi rst waterbore in 1878 
made European settlement possible and led 
to the establishment of an important pastoral 
industry.  This pastoral activity and around 70 
towns and mining and petroleum ventures are 
all totally dependent on artesian groundwater.

The basin is up to 3000 m thick and comprises 
several basin-wide confi ned sandstone 
aquifers alternating with confi ning beds 
consisting of mudstone.  Total groundwater in 
storage is estimated at approximately 1014 m3.  
Recharge occurs in the eastern margin, an 
area of relative high rainfall, but the western 
margin in the arid centre of the continent 
also receives (minor) recharge.  Recharge 
to the Basin has been estimated at around 
3000 ML/day, with discharge from waterbores 
approximately 1500 ML/day, with water also 
lost to vertical leakage and discharged at 
natural springs.

Groundwater movement is slow at less than 1 m/
year to 5 m/year, and groundwater ages range 
from thousands of years near the margins to 
up to one million years or more towards the 
centre of the Basin.

About 4700 fl owing artesian waterbores have 
been drilled in the Basin up to depths of 
2000 m, but at an average 500 m.  About 3100 
waterbores remain fl owing and approximately 
20 000 non-fl owing waterbores are pumped, 
largely by windmills.  Groundwater use since 
1878 by pastoral waterbores caused artesian 
groundwater levels in some areas to fall as 
much as 100 m, with some bores ceasing 
to fl ow and reduced discharges from other 
fl owing artesian bores and springs.  Artesian 
groundwater quality is good and suitable for 
domestic, town water supply and stock use.  
Groundwater temperatures range from 300 to 
1000 C.

Great Artesian Basin (GAB) map showing depth to top of the main artesian 
aquifers, top of the Cadna-owie Formation and Hooray Sandstone, as well 
as Adori and Hutton Sandstones (after Habermehl, 2001)

Cross-section through the GAB showing aquifers (blue) and 
confi ning beds

A B
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Although there is a broad understanding of 
Australia’s groundwater resources, there 
are gaps in knowledge that could result in 
the resource being managed inappropriately.  
There is evidence that much of Australia’s non-
renewable groundwater resources, including 
those of the Great Artesian Basin, have been 
depleted over time.

The States and Territories are responsible 
for the management, monitoring, control and 
administration of water resources in their 
jurisdiction.  While Australia has a history 
of interstate cooperation in the systematic 
investigation and management of groundwater 
resources, each of the States and Territories 
operate under separate legislation and apply 
different water management strategies and 
management practices.  

A groundwater management policy for non-
renewable groundwater resources that will 
include a best practice model to safeguard their 
exploitation and maintain sustainable levels of 
extraction from these fi nite resources requires:

• Defi nition and quantifi cation of available 
groundwater resources, in particular in 
those areas where recharge is unreliable 
and the resource critical to community 
survival,

• Assessment of the impact of developing 
the resource on the aquifer itself and 
communities and ecosystems that are 
dependent on it, 

• Explicit recognition of the compromises that 
may need to be made between the intensity 
and duration of extraction, and possible 
strategies for aquifer recovery,

• Monitoring of exploitation, use and 
rehabilitation.

Management policies generally accept that 
groundwater ‘overdraw’ or ‘over-extraction’ 
can be carried out for limited periods for 
specifi c activities with expected publicly 
accepted (strategic) benefi ts.

Effective management of any groundwater 
resource requires an understanding of 
aquifer characteristics.  Hydrogeological 
studies determine aquifer characteristics, 
which include aquifer geometry, hydraulic 
characteristics consisting of porosity, 

2009 when 60 percent of artesian waterbores 
will be rehabilitated and 75 percent of bore 
drains replaced.  These measures will also 
benefi t rangeland management and assist to 
alleviate land degradation and plant and animal 
pest problems.  

Where large supplies are needed, for example 
for towns or major mining developments, 
signifi cant drawdowns of the groundwater 
levels can interfere with bores or springs in the 
surrounding area.  Such developments usually 
need several waterbores in an area or in one 
or more borefi elds.  In some cases, towns may 
pipe in water from borefi elds up to 100 km or 
more away.

Groundwater quality ranges from rainwater or 
very low salinity water to hypersaline water 
(up to 7 x seawater salinity).  Groundwater in 
some areas is affected by natural contaminants 
such as higher than acceptable levels of 
fl uoride, nitrate or metals (including iron and 
manganese).

The water quality required depends on the use 
to which it is put.  For example, some mining 
activities need large quantities of good quality 
water, and others can use saline to highly 
saline water.  Human drinking water should 
preferably have a Total Dissolved Solids (TDS) 
value of less than 1000 mg/L.  Stock will tolerate 
higher salt levels in water, up to 10 000 mg/L 
TDS) for beef cattle and up to 13 000 mg/L TDS 
for sheep depending on feed conditions.  Some 
mining operations can operate with highly 
saline water, with some capable of using water 
with salt concentrations up to several times sea 
water.

Non-Renewable 
Groundwater: 
Some management considerations
Across the arid zone, Australia’s communities 
and towns, and the pastoral, mining and 
petroleum industries depend on groundwater, 
a water resource that, for most planning and 
management purposes, can be considered as 
“non-renewable”.
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permeability and transmissivity, groundwater 
in storage, groundwater levels or artesian 
pressures, recharge to the aquifer and 
groundwater quality.  Information such as 
this is essential for the optimal design of 
borefi elds and determination of optimal rates of 
extraction.

Borefi eld design and management decisions 
about acceptable rates of water abstraction 

are, of necessity, built around estimates 
of aquifer characteristics that can not be 
observed directly.  Monitoring of aquifer use 
and behaviour is an important means by which 
managers can develop an understanding of 
aquifer characteristics.  Monitoring of the 
aquifer should include bore extraction rates, 
and changes in groundwater levels and quality.

BOX B – Sustainable groundwater management in an 
arid environment

The Intergovernmental Agreement on a National Water Initiative (NWI, 2004) defi nes “environmentally 
sustainable level of extraction” as “the level of water extraction from a particular system, which, 
if exceeded would comprise key environmental assets, or ecosystem functions and the productive 
base of the resource”.  The concept of sustainable development also allows that natural resources 
may be depleted where they are transformed to other assets that provide greater longer term 
benefi ts to society.

The arid zone of Australia is richly endowed with mineral deposits, and there are many examples of 
developments that use non-renewable groundwater resources wisely.  The Northern Goldfi elds 
near Leonora in the semi-arid part of Western Australia is a major nickel and gold producing 
region, with over 20 operating mines dependent on groundwater for ore processing.  Large parts 
of the palaeo-channels and tributaries in the Northern Goldfi elds contain limited storage of non-
renewable groundwater with qualities ranging from fresh to hypersaline, and these have been 
accessed by extensive borefi elds.  Groundwater extraction in most areas exceeds recharge.

The Olympic Dam mine in northern South Australia uses artesian groundwater from the Great 
Artesian Basin for its mining, processing and refi ning of copper, uranium, gold and silver, as well 
as supplying the nearby town of Roxby Downs.  Artesian groundwater is extracted from two 
borefi elds in the Basin, approximately 110 km and 225 km north of the mine and pumped by pipeline 
to the Olympic Dam site.  At the mine site, a desalination plant processes the water to be used for 
town water supply and for those applications in the mining operations where higher quality water 
is required at Olympic Dam.

Signifi cant reductions in water use for production, process and potable water have been achieved 
since full production started in 1988 and the town of Roxby Downs was completed.  Water from 
treated sewage and harvested stormwater is used to irrigate the town recreational facilities.  
Water conservation is promoted and practised throughout the operations and township.  The cost 
of water at Olympic Dam is high owing to the extensive infrastructure required to source the water 
and the cost of treatment to achieve potable water quality.  

In both cases, extensive studies of the impacts of groundwater use, likely impacts on the aquifers, 
groundwater dependent ecosystems and other users for the water were part of the overall 
evaluation of the projects. Over the very long term, these aquifers should be recharged and 
return to their current condition, but the use of the water for these developments means that it 
is not available for other applications in the interim.  The decision to proceed was based on the 
assessment that the longer term benefi ts to society exceeded the costs and represented the best 
use of the water resource.
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I N  T H I S  S E R I E S

CONCLUSIONS

A program to identify, defi ne and assess 
non-renewable groundwater resources 
and any limits on the long term viability 
of these resources will be important in 
providing people and industries in these 
regions access to water resources over 
the longer term. 

The extent of non-renewable groundwater 
resources, the characteristics of the 
aquifers and the implications of different 
rates of extraction are not well understood.  

A better understanding of non-renewable 
groundwater resources and associated 
groundwater dependent ecosystems is a 
key in developing management strategies 
that balances the economic, social and 
environmental benefi ts and costs of 
alternative approaches to their exploitation 
and management.
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