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A large proportion of extracted 
groundwater is poorly used. Water 
losses occur through leaks in bores, 
evaporation or seepage from distribution 
channels.

Over-extraction of groundwater poses 
a signifi cant threat to sustainability of 
groundwater-dependent ecosystems 
and groundwater resources, along with 
possible impacts on surface water.

The chemical content of groundwater 
determines its usefulness for industry, 
agriculture or drinking purposes. Most 
of earth’s groundwater resources are 
not suitable for human consumption or 
use in industry and agriculture due to 
high salts content. 

Approximately 97% of the earth’s water 
exists in the oceans. Of the remaining 
3%, approximately 20% is groundwater. 

In Australia about 21% of the water used 
is derived from groundwater sources. 
There is considerable variation in 
groundwater usage between states and 
territories. For many areas it is either the 
main or the only reliable water source 
supporting communities and economic 
activity.

Groundwater is a critical element of the 
Australian environment supporting a 
vast variety of groundwater dependent 
ecosystems and providing base fl ows 
to river systems especially in times of 
drought.
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Introduction
What is groundwater?
Groundwater is water that fi lls the spaces 
and joints between particles of soil and other 
materials that lay beneath the surface of the 
earth, very much in a way that water saturates 
a sponge. Groundwater is not stored in vast 
underground lakes or fl owing in underground 
rivers. 

Geological formations composed of porous and 
permeable materials and capable of yielding 
large quantities of water are called aquifers. 
Parts of the aquifer completely fi lled with water 
are called the saturated zone. The top of the 
saturated zone, the water table, may be located 
very close to the surface of the earth or it can 
be hundreds of metres below and is overlain by 
the unsaturated zone.

Aquifers typically consist of gravel, sand, 
sandstone, or fractured rocks such as 
limestones. These materials are permeable 
because they have large connected spaces 
(pores) or fractures that permit water to fl ow 
through them. If a material, such as clay, 
contains pores that are not connected it is 
impermeable - groundwater cannot easily 
move from one space to another and its fl ow is 
restricted. 

There are two types of aquifers. In an 
unconfi ned aquifer groundwater is in direct 
contact with the atmosphere through the open 
pore spaces of the overlying soil or rock. The 
water table forms its upper boundary. The 
water level in a bore in an unconfi ned aquifer 
rests at the water table.

In confi ned aquifers groundwater fl ow is 
bounded by layers of impermeable material 
(such as clay). Confi ned aquifers usually occur 
at greater depth, sometimes hundreds of 
metres below the ground. In a confi ned aquifer 
groundwater is under pressure and the water 
level in a bore rises above the top of the aquifer. 
The aquifer shows artesian conditions and the 
bore is called an artesian bore. In some cases 
the water level may rise above the ground 
surface, and the bore is then called a fl owing 
artesian bore. 

Where does groundwater come from?
The distribution of water on the land depends 
on the complex interactions between 
atmosphere and oceans that we call climate. 
These processes cause water to change 
physical state (vapour, liquid, solid) as it moves 
between the ocean, atmosphere and land. 
Groundwater constitutes an integral part of this 
dynamic hydrologic cycle and is interrelated 
with surface water in rivers and lakes. 

Gravel or sandFractured rock

Surface waterWater tableSaturated zone

Types of 
aquifer material

Unsaturated zone

fi gure 1: Schematic diagram of groundwater
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groundwater levels. However in some areas of 
dry climate with low precipitation, and hence 
very low recharge, this ancient groundwater 
resource will not be replenished once used.

How does groundwater move?
Aquifers are not only a storage reservoir for 
groundwater, but also a pathway for water 
movement underground. Groundwater moves 
from an aquifer’s recharge areas until it 
reaches a discharge zone, an area where the 
water table is above the land surface.

Groundwater moves very slowly and only 
if suffi cient pressure is available to force it 
through the spaces within the porous aquifer 
materials. Groundwater moves from high to low 
water levels - the direction of the fl ow normally 
follows the general topography of the land 
surface.

Flow rates in aquifers are measured in metres 
per day and are dependent on the type of 
aquifer material. It may take years, decades or 
even centuries for water to fl ow through some 
aquifers. However in aquifers comprising very 
porous materials (coarse gravel) or fractured 

Groundwater, originates from precipitation 
– rain and snow. Water that is not used by 
vegetation percolates through the soil until it 
reaches the saturated zone. The process of 
water infi ltrating into aquifers in the ground 
is called groundwater recharge. The area on 
the surface where water infi ltrates in is called 
the recharge area. Groundwater can be also 
recharged by river or stream waters soaking 
into aquifers.

The volume of precipitation that enters an 
aquifer depends on the amount of rainfall and 
the character of the ground cover. As a large 
proportion of precipitation is used by plants and 
lost to evaporation (in Australia it can exceed 
90%) signifi cant recharge can be expected only 
during signifi cant rainfall events. 

The water table will fall or rise depending 
on seasonal and longer term variations in 
recharge. Greatest changes will occur during 
prolonged droughts or periods of heavy rainfall. 
Many groundwater systems were fi lled in 
past geological times when the climate was 
considerably wetter than today. In many areas 
present recharge from precipitation and outfl ow 
from streams may be suffi cient to maintain 

Flowing artesian well
Water table well

Stream

Non flowing artesian well

Potentiometric surface
of confined aquifer

Water table

Unconfined aquifer

Confining layer (clay)

Confined aquifer

Confining layer 
(bedrock)

fi gure 2: Types of aquifers
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rock with large openings (fractured basalt) fl ow 
rates are much faster. In some cases water may 
reside underground only a few days or weeks 
before reaching the discharge zone.
Groundwater can be naturally discharged into 
streams, springs, wetlands or oceans.

1. Groundwater in Australia 
-availability
Groundwater can be found beneath most 
land in Australia, however the resources are 
unevenly distributed and vary in quantity and 
quality. In some regions groundwater provides 
for the majority of water needs, while other 
regions have no access to viable groundwater 
resources. 

Many of the potentially high-yielding aquifers 
represent a limited resource as they are located 
in arid and semi-arid areas of the continent and 
receive relatively low rates of natural recharge. 
Poor quality of groundwater (high salt content) 
can be a major impediment to development of 
the resource in other areas. 

Sustainable yield is the rate at which water 
can be extracted from an aquifer without 
compromising key environmental assets or 
ecosystem functions and the productive base of 
the resource. 

Australia has 61 major groundwater provinces 
– areas of broad uniformity of hydrogeological 
and geological conditions with reasonably 
uniform water-bearing characteristics.

The Great Artesian Basin, the largest 
groundwater province in Australia, covers 
approximately 1.7 million km2 and stores over 
60 000 000 GL of water. It is one of the largest 
groundwater basins in the world. 

• 29 169 GL is estimated as the sustainable 
groundwater yield volume for Australia 

• 47% of groundwater resources are in 
Groundwater Management Units which, 
outside of Western Australia and the Great 
Artesian Basin, cover less than 10% of 
Australia 

• Total volume of drinking quality groundwater 
that can be sustainably extracted is 
estimated to be about 21 000 GL/year.

Figure 3: Groundwater Basins in Australia
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• Many undeveloped groundwater resources 
are in remote areas. 

• Most estimates of groundwater sustainable 
yields do not consider the impact of 
groundwater extraction on the fl ow of rivers, 
streams, lakes and wetlands.

Australia State of the Environment Committee 
2001; 
National Water Commission 2007

2. Groundwater use in 
Australia
In some regions, groundwater provides for 
the majority of water needs, while other 
regions have no access to viable groundwater 
resources. There is considerable variation 
in groundwater usage between states and 
territories. South Australia, New South 
Wales and Victoria use more than 60% of 
extracted groundwater for irrigation, while 
Western Australia uses 72% for urban and 
industrial purposes. Queensland uses a third of 
groundwater for rural stock and domestic uses. 

Groundwater resources in eastern Australia are 
more developed than in the western regions, 
despite extensive resources in the Northern 
Territory and Western Australia. Fifty per cent 
of groundwater is used in small Groundwater 
Management Units lying outside the Great 
Artesian Basin and Western Australia. This 
refl ects the high demand for water in eastern 
Australia due to higher population and greater 
industrial and agricultural development.

The term ‘use’ refers to the volume of water 
extracted from the aquifer, not the fi nal 
volume of water used. In the Great Artesian 
Basin, ineffi cient open earth drain distribution 
systems caused up to 95 percent wastage of 
the artesian water produced. Rehabilitation 
of water bores in poor condition, installation 
of control valves and piping systems are 
changing groundwater production and use. 
The Australian and State Governments have 
committed funds since 1989 for these programs 
in the Great Artesian Basin and Carnarvon 
Artesian Basin in Western Australia.

Australia State of the Environment Committee 
2001;
Evans, 2007

• Between 1985 and 1996/97 the annual 
volume of groundwater extracted has 
increased from 2600 GL/year to 5000 GL/
year, with irrigation use doubling to 2581 
GL/year.

• With the drought and the imposition 
of caps on surface water use, current 
groundwater use is estimated to be 
around 6,000 to 8,000 GL/yr. 

• The Perth Basin and Great Artesian Basin 
have the highest rates of groundwater 
extraction

• Queensland, WA and NSW extract the 
most groundwater. 

• SA, NSW and Victoria use more than 60% 
of extracted groundwater for irrigation.

• WA uses 72% for urban and industrial 
purposes
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4. Surface water/
groundwater interactions 
Groundwater and surface water are 
fundamentally interconnected. In fact, it is 
often diffi cult to separate the two because they 
“feed” each other. Nearly all surface-water 
features (streams, lakes, reservoirs, wetlands, 
and estuaries) interact with groundwater. As a 
result, withdrawal of water from streams can 
deplete groundwater or conversely, extraction 
of groundwater can deplete water in streams, 
lakes, or wetlands. Pollution of surface water 
can cause degradation of groundwater quality 
and conversely pollution of groundwater can 
degrade surface water.

Largely because of institutional arrangements 
in Australia, management of water resources 
has focused on surface water or groundwater 
as if they were separate entities.

A better understanding of the connectivity 
between surface water and groundwater and 
management of this combined resource as a 
single unit is necessary in order to manage 
Australia’s water in a sustainable way. 

Fullagar et al, 2006.

3. Groundwater declines
Groundwater is an important resource in 
approximately 70 percent of Australia where 
surface water supplies are insuffi cient and 
unreliable. It is a vast resource with relatively 
constant quality and temperature and is usually 
biologically pure. 

Under natural conditions a balance exists 
between the volume of water entering 
an aquifer and the volume of water being 
discharged from the aquifer. However, high 
demand for groundwater can disrupt this 
natural balance. 

To avoid irreversible damage to groundwater 
systems, such as aquifer compaction or 
contamination, the extraction rates for any 
aquifer should be established based on an 
assessment of its long term sustainable yield.
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5. Artifi cial storage and 
recovery (ASR)
Artifi cial Storage and Recovery (ASR) involves 
injecting water into an aquifer through bores or 
by surface spreading and infi ltration (infi ltration 
basins) and then pumping it out when needed. 
In the process of artifi cial recharge the 
groundwater is augmented at a rate much 
higher than under natural conditions through 
seepage of water from rivers and rain. 
The aquifer essentially functions as a water 
bank.  Deposits are made at times of plenty, 
typically during fl oods and periods of above 
average rainfall, and withdrawals can be made 
when water is needed, usually during the 
irrigation season or periods of drought.

Although fi nding a location that is suitable for 
building a new water-banking scheme can 
be diffi cult, it is a technology that can bring 
benefi ts to the environment and groundwater 
users. Some of the benefi ts may include:
- reduction of salinity of rivers through 

direction of the water savings back into the 
rivers

- increased water availability in time of need
- better timing of environmental fl ows
- ensuring groundwater dependent 

ecosystems receive enough water to sustain 
their existence 

- signifi cant water savings through use of 
recycled and storm water

- minimising water losses through evaporation 
and seepage in open storage systems (dams)

Examples of ASR operating in Australia can 
be found around Adelaide where at least 15 
small-scale schemes have been developed to 
recycle stormwater or reclaimed water for use 
in municipal facilities or market gardens.

To locate an ASR scheme information on 
aquifer characteristics (aquifer material and 
water-holding capacity), the distance to a water 
source (high rainfall, river, stormwater, pre-
treated effl uent) and the closeness to potential 
users is needed.

Gerges et al. 2002.
Hostetler, 2007.

6. Non-renewable 
groundwater
In many areas present recharge from 
precipitation and outfl ow from streams may 
be suffi cient to maintain groundwater levels. 
However in areas with very low rainfall and 
high evaporation the period of time between 
major recharge events can be as long as 100s 
or 1000s of years. Groundwater resources in 
such areas are best considered non-renewable. 

• In Australia the groundwater contained 
in most aquifers in the arid zone of the 
continent could be classifi ed as non-
renewable for most planning and water 
management purposes

• Most of Australia’s mining and petroleum 
resource industries, and much of the 
pastoral industry are located within the 
arid and semi-arid climatic zones and are 
dependent on non-renewable groundwater.

• The largest Australian groundwater basin 
- the Great Artesian Basin - underlies 
predominantly arid and semi-arid areas and 
its western margin in the arid centre of the 
continent receives minor recharge.  

• Great Artesian Basin supplies around 570 GL 
per year of water for a variety of uses-mainly  
homestead and town water supply, mining 
and pastoral.

Gerges et al. 2002.
Habermehl, 2007.
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7. Groundwater dependent 
ecosystems
Ecosystems that rely on groundwater for some 
or all of their water requirements are classifi ed 
as groundwater dependent ecosystems 
(GDE). These ecosystems may rely on specifi c 
groundwater fl ows, ranges of fl uctuations 
in level or pressure and groundwater quality 
parameters such as temperature or mineral 
content. The degree and nature of dependency 
will infl uence the extent to which ecosystems 
are affected by changes to the groundwater 
system, both in quantity and quality.

Groundwater dependent ecosystems represent 
a distinct and diverse component of the earth’s 
biological diversity and as such they often have 
a high conservation value.

A GDE’s access to groundwater is critically 
important to maintaining ecosystem 
viability and biodiversity. Unfortunately 
many groundwater dependent ecosystems 
Australia-wide have come under threat where 
groundwater development and land-use 
change is not appropriately managed.

In Australia, several types of groundwater 
dependent ecosystems have been identifi ed:
- terrestrial vegetation (e.g. paperbark or ti-

tree swamps)
- river base fl ow systems (aquatic and riparian 

systems that exist in or adjacent to streams 
fed by groundwater) 

- aquifer and cave ecosystems
- wetlands 
- estuarine and near-shore marine 

ecosystems 

Land and Water Australia, 2007
Hatton & Evans 1998

Palm Valley, a groundwater dependant ecosystem, Central Australia
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8. Groundwater quality
As a result of chemical and biochemical 
interactions between groundwater and 
the materials through which it fl ows, 
groundwater quality varies and can contain a 
variety of chemical constituents at different 
concentrations. Most of them come from 
soluble minerals in soils and sedimentary rocks.

A simple measure of chemical quality of 
groundwater is salinity – the salt content of 
water. 

The most common methods of describing water 
quality are total dissolved solids (TDS) and 
electrical conductivity (EC). TDS is a measure 
of all inorganic constituents dissolved in water 
and expressed in mg/L. EC is water’s capability 
to conduct applied electrical current which 
provides an indication of the level of total 
dissolved ionic constituents and is expressed in 
micro siemens per centimetre (µS/cm at 25°C). 

The physical and chemical characteristics of 
groundwater determines its usefulness for 
industry, agriculture or drinking.

Water quality guidelines (ANZECC/ARMCANZ 
2000) place specifi c constraints on the quality 
of water that is intended for specifi c uses. The 
most stringent standards apply to water that 
is used for drinking. Since different crops and 
livestock vary considerably in their ability to 
tolerate salts in water, quality of groundwater 
used for agriculture is assessed relative 
to guidelines established for livestock and 
irrigation. Water quality guidelines for aquatic 
ecosystems also apply to groundwater.

TABLE1  Water quality limitations/water uses

Use TDS (mg/L)

Drinking water  <1500

Livestock – no adverse effects on animals expected*

 Poultry <2000

 Dairy cattle <2500

 Beef cattle, horses and pigs <4000

 Sheep <5000

Crops – plant salt tolerance

 Sensitive (bean, carrot*) <650

 Moderately sensitive (corn, sugarcane, potato**) 650 – 1280

 Moderately tolerant (clover, lucerne, pea, tomato**) 1280 – 3000

 Tolerant (some grasses, wheat, zucchini**) 3000 – 5200

 Very tolerant (barley, cotton**)  5000 – 8200

*     depending on climate and feed conditions these values can be exceeded

**   threshold for crops growing in clay

***  average root zone salinity threshold

Compiled from ANZECC/ARMCANZ, 2000
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of the problem. Contaminants can be extremely 
hard to remediate, with pollution often resulting 
in permanent damage to the aquifer.

It is better to prevent groundwater contamination 
than risk contamination and subsequently spend 
large resources to clean it up.

9. Seawater intrusions
Under natural conditions, the seaward 
movement of freshwater prevents seawater 
from encroaching coastal aquifers. 
Groundwater pumping can reduce freshwater 
fl ow toward coastal discharge areas and cause 
seawater to be drawn toward the freshwater 
zones of the aquifer. 
Seawater intrusion becomes an environmental 
problem when excessive pumping of fresh 
groundwater from an aquifer reduces the water 
pressure, drawing salt water into the aquifers. 
Small changes in the water level (whether they 
are caused by drought or over-drafting the 
aquifer) can cause a signifi cant intrusion of 
seawater. 

Effects of seawater intrusions
• changes in patterns of groundwater fl ow 

and discharge in coastal areas can alter 
the nutrient budgets and salinity of coastal 
groundwater dependent ecosystems

• pollution of coastal aquifers by salt water
• groundwater becomes too salty to be used 

for drinking, irrigation or other purposes

10. Groundwater 
contamination
The way we use the land can have detrimental 
effects on the quality of groundwater. Pollution 
may be associated with specifi c identifi able 
point sources or may occur over a wide area 
(non-point source). There are many ways 
through which groundwater may become 
contaminated: improper disposal, use and 
storage of chemicals; poor installation and 
maintenance of septic systems; landfi lls; 
leaking or poorly located storage lagoons 
used by industries, farms, municipalities, 
mining operations, oil/gas producers; over-
fertilisation with animal manure; excessive or 
ill-timed application of pesticides and other 
agrochemicals; land application of sludges and 
wastewater or urban run-off.

Groundwater contamination can be very 
diffi cult to detect. Aquifer contamination may 
often be discovered only after a water supply 
bore has been impacted. It is also very diffi cult 
and time consuming to assess the true extent 

Groundwater contamination – E.coli O157 
outbreak in Walkerton
In May 2000, during a major waterborne 
outbreak of a highly dangerous strain of 
E.coli O157, in the small town of Walkerton, 
Ontario , Canada
• 2,300 people become ill, 
• 65 people were hospitalised, 
• 7 people died 
• 27 people developed serious kidney 

disorders 
• there was also a major economic impact 

on the community, and disruption of 
businesses and schools over several 
months.

Contamination of the drinking water supply 
occurred through one of the supply bores, 
that was drawing water from a depth of 5 to 
8 m in an area of highly fractured bedrock. 
The primary source of the contamination 
was cattle manure that had been applied 
to fi elds on a farm, in the vicinity of the 
bore. The most recent application of the 
manure occurred on 22 April, at its closest 
point about 81 m from the bore. Walkerton 
experienced extremely heavy rainfall from 
8-12 May and this caused large amounts of 
contaminated surface water to enter the 
supply bore.

Source: Report of the Walkerton Inquiry: 
The Events of May 2000 and Related Issues, 
Ontario Ministry of the Attorney General, 
2000.
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As groundwater has the ability to mobilise and 
transport soluble salts when it moves through 
soils and aquifers, it is very important to know 
where the watertable is (depth to watertable), 
and understand its movements, in particular 
with respect to rainfall events and agricultural 
practices (i.e. irrigation). Falling watertable 
levels may be a consequence of reduced 
recharge due to climatic factors or increased 
groundwater extraction from bores. 
Electrical conductivity or total dissolved 
solids are the most important and commonly 
measured parameters. They both provide 
information on salt content (salinity) of 
groundwater. 

11. Groundwater monitoring
The main objectives of groundwater monitoring 
include:
- establishing the baseline quality of 

groundwater occurring naturally in aquifers 
and assessing the impact of human activities 
on groundwater quality

- documenting any change in groundwater 
storage over time 

- assessing and predicting the response 
of hydrologic systems to natural climatic 
variations and human-induced stress (over-
extraction) 

Ideally groundwater monitoring should be 
carried out on a regular basis in all areas 
where groundwater resources are exploited. 
It should be an integral aspect of groundwater 
management. Depending on the purpose of 
monitoring, different parameters can be tested.
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