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9.1

Managing groundwater

It is important to remember that groundwater is 
a natural resource. In most cases the problems 
that arise with groundwater systems are due  
to human activity. As with any natural resource 
that is used, the system as a whole needs to 
be managed appropriately to preserve the 
resource for future generations. Management 
of groundwater has two basic elements that are 
closely related,

• Protecting the quality.

•  Maintaining the volume (quantity) of  
groundwater available to users and the 
environment.

Groundwater is managed by observing 
what is happening to groundwater through 
boreholes, understanding the water balance 
and by controlling those elements of human 
activity that affect groundwater. Groundwater 
management is about changing elements of  
the water cycle as they relate to groundwater.  
In any management problem, we try to change 
those things we can affect, often to manage a 
flow-on effect. In complex natural systems like 
the water cycle, this is an imprecise science.

Water Balance?

Groundwater in an aquifer is like money in 
your bank account. It’s okay to make a lot of 
withdrawals while you have a lot of cash in your 
account but if you don’t make some deposits at 
some stage, you may run out!

To be sustainable, a groundwater system 
must have a balance between the volume 
entering it via recharge and the volume leaving 
it via pumping and discharge. Under natural 
conditions a groundwater system will reach a 
balance where the inflow volume equals the 
outflow volume.

A water balance can be calculated to determine 
the amount of groundwater that can be ‘safely’ 
used before the system can no longer support 
the range of values that are dependent on it.   
Monitoring of groundwater levels and quality 
provides valuable information on how the 
system is working, and enables the detection  
of problems within the system.  A water  
balance is useful as a planning and 
management tool, as it allows testing of 
different scenario for how water enters and 
leaves the groundwater system.

Groundwater Inputs

For an unconfined aquifer, the main input  
is recharge.  However, there are many  
physical things that affect how much water 
becomes recharge.  

 

Figure 9.1 shows a cut through the ground. It 
captures the main processes that pass water 
from the surface into the groundwater.  Much 
of groundwater management is based on trying 
to change the things that can be changed to 
“balance” the various in-flow parts of the 
groundwater cycle with the out-flow parts.  

From a groundwater perspective, one of the 
key components of the process is the volume 
of water that reaches the watertable to form 
groundwater.  This is recharge. The amount 
of water that can pass from the surface to 
the watertable is a product of atmospheric 
processes (primarily rainfall), water supply 
systems, the amount that evaporates from the 
soil or is used by plants (collectively called 
evapotranspiration) and how much water is 
stored in the soil as it moves through it.  

 

FIGURE 9.1  IMPORTANT PROCESSES THAT AFFECT THE  
CAPACITY TO MANAGE GROUNDWATER

Figure 9.2  Sources of water and surface processes that 
affect recharge

KEY TERMS 

Water Balance:
The accounting for  
inputs, changes in 
storage and outputs of a 
groundwater system to 
inform management.
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Managing groundwater

In the overall water cycle, rainfall is often 
considered the starting point for recharge to 
groundwater. However, there are many other 
things that affect recharge. Water gets to the 
soil surface by a number of processes in our 
highly altered environment. Seepage from 
waterways, and in particular from flooding 
provides significant volumes of water that 
recharge groundwater (Figure 9.2). Likewise, 
irrigation supply networks and irrigation itself 
apply significant volumes of water to the soil. 
How much water is used from the soil by 
evapotranspiration processes is determined by 
the climate conditions and the type of land use.

Overall, the interaction of all these processes 
determines how much water enters the 
groundwater as recharge.  

As discussed, over much of the land surface, 
recharge is dependent on rainfall. Often 
when thinking about rainfall, “averages” over 
long periods of time are used. The “average 
rainfall” is often used to determine how much 
groundwater is available to be pumped out. But 
is the recharge from rainfall always constant?

The graph above (Figure 9.3) is a “cumulative 
residual” rainfall plot. The average rainfall (over 
the whole record length) is subtracted from the 
actual rainfall for a particular year to give the 
annual residual, then added to the sum of all 
previous residuals. So when the annual rainfall 
is less than the long term average, the residual 
will be negative. When the annual is greater 
than the average, the residual will be positive. 
Summing the residuals will give an indication of 
periods of time when rainfall is above or below 
average. These are climate cycles.  

In the above graph, from the 1900s to the late 
1940s rainfall was generally below average.  
From the 1950s to the 1970s, rainfall was 
generally above average. From mid 1990s to  
the present, it is strongly below average.

If recharge is proportional to rainfall and that 
the groundwater level is a measure of how 
much groundwater is in storage, then the 
longer term “trends” in net rainfall can give an 
indication of the trend (rising, falling or steady) 
of groundwater levels.  

 

The key thing that determines how much water 
that falls to the ground, evaporates back from 
the soil, or is used by vegetation, is the land use.

Figure 9.4 shows some modelled solutions 
for the amount of recharge given different soil 
types and vegetation use. Annual pasture (has 
a growing season, then dies), crops (usually 
annual) and perennial pasture (grows through 
out the year) are all shallow rooted vegetation 
types. Roots generally don’t grow past 2 metres 
in depth. Native forests, plantation forests and 
woodland include varying densities of deep 
rooted trees. Tree roots, when mature, are 
generally thought to grow to at least 6 metres 
in depth. This enables them to capture water 
from a much greater part of the soil profile. In 
arid areas, the tap roots of some indigenous 
tree species often penetrate many tens of 
metres into the watertable and use groundwater 
directly.

In figure 9.4, the soil type (different colour 
bars) affects the overall recharge, but the 
vegetation type is much more significant. In 
particular, it can be seen that regardless of the 
type of shallow rooted vegetation, deep rooted 
vegetation has by far the biggest effect on 
recharge. In fact, the above graph indicates

FIGURE 9.4  MODELED CHANGES IN RECHARGE BENEATH 
DIFFERENT PLANT RECHARGE:  MEGALITRES (ML) PER HECTARE 
(HA) PER YEAR TYPES

FIGURE 9.3  CHANGES IN RAINFALL TRENDS OVER TIME 
(RAINFALL VARIABILITY)

KEY TERMS 

Climate variability/ 
climate cycles:
A term that describes 
the cycle of droughts and 
floods.
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Managing groundwater

that under certain circumstances, the water 
requirement of deep rooted vegetation (trees) 
will actually be greater than the soil profile 
can deliver. This water comes from stored 
groundwater. The amount and variability of 
rainfall, the amount of applied water (irrigation, 
water supply systems) and the use of water at 
the surface and from the soil profile all affect 
how much water can move from the surface 
to the groundwater. When considering water 
resource management, the key things that we 
can change are the amount of water applied, 
how “leaky” are our supply systems are and 
what type of land-use (for areas not protected 
such as National and State Parks). But a 
manager cannot manage the whole system – 
how the system responds is a combination of 
natural and man-made actions.

Groundwater Outputs

Once water reaches the watertable, it enters 
the store of groundwater.  Groundwater can be 
removed from storage by leaking back out to 
the surface (discharge), being pumped out or 
vegetation can reach down with its roots and 
suck it out.  In the next section the focus will 
be on pumping of groundwater.  The use of 
water by vegetation and the discharge of water 
back to the surface will be discussed further in 
“Groundwater and the Environment”.

Groundwater can be removed from storage by 
pumping.  An individual bore pumping from an 
aquifer creates a “cone of depression” in the

watertable. This is the zone, spreading radially 
out from the point of pumping, where water 
is removed from storage (in an unconfined 
aquifer). The volume of water pumped is equal 
to the volume of the aquifer (well, of the pore 
spaces within the aquifer) being “drained”.

In a confined aquifer, pumping creates a similar 
“cone of depression”, only in this case the cone 
represents the area over which the pressure in 
the aquifer is reduced. By reducing pressure, 
the water in the aquifer (which is compressed) 
expands. The volume pumped is the volume of 
water released by this “expansion” of the water.

When more than one well is “pumped”, each 
well generates a “cone of depression”. Where 
these cones intersect, the total drawdown, or 
lowering of the watertable (in an unconfined 
aquifer) is the sum of the drawdown from each 
individual bore. The relationship between the 
various “cones of depression” affects the water 
levels in an aquifer. Management of water levels 
is important to ensure that bore users can 
continue to get water (the aquifer does not “dry 
out”). It is also important where discharge back 
to the surface supplies the environment.

Managing Groundwater as a Resource 

Using groundwater for agriculture, water 
supplies or for industrial uses really should be 
thought of as “sharing” the resource with the 
other users such as the environment. Taking 
groundwater for one use means that another 
use will be impacted.  

When managing many natural resources, a 
commonly invoked principle is sustainability.  
In groundwater management, the “sustainable 
yield” is often used to describe the share of 
the resource that can be used for water supply 
through wells and bores.  “Sustainable yield” is 
inherently intergenerational because it implies 
resource use in ways that are compatible with 
maintaining them for future generations.  In 
2002, the National Groundwater Committee 
of Agriculture and Resource Management 
Council of Australia and New Zealand proposed 
a national definition of sustainable yield for 
groundwater:

“The groundwater extraction regime, measured 
over a specified planning timeframe, that allows 
acceptable levels of stress and protects the 
higher value uses that have a dependency on 
the water.”

FIGURE 9.5:  GROUNDWATER PUMPING CREATES A 
“CONE” SHAPED REDUCTION IN THE WATERTABLE.

KEY TERMS 

Sustainable yield:
The groundwater 
extraction regime, 
measured over a  
specified planning 
timeframe, that allows 
acceptable levels of stress 
and protects the higher 
value uses that have a 
dependency on the water.
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9.4

Managing groundwater

Managing groundwater sustainably means 
equitably sharing its use between all users.  
This always requires compromises and trade-
offs. Judgment on what is “acceptable” can be 
a complex process. It involves decisions that 
some people agree with, and others do not.  
Where possible, the best compromise between 
uses should be developed considering all users.  
However, values change over time – the value 
placed on environment today was significantly 
different 30 to 40 years ago. As our values 
develop and change over time, the definition 
of “sustainable yield” may also vary.  Resource 
management must consider this. The challenge 
is to turn the principles of sustainability and 
groundwater sustainable yield into achievable 
policies and then practice.  Science alone 
cannot choose the correct interpretations for 
society but any interpretation must be based on 
sound hydrologic analysis and understanding, 
and community involvement.

Management examples 

Figure 9.6 provides a plan and section of a 
valley. The valley has rock outcrop around the 
outside, with a valley filled with gravels and 
sands. Water recharges around the margins of 
the valley, and there is a feature in the middle  
of the valley where groundwater discharges.  
The land-use is primarily open farmland.

Depending on the feature, the approach to 
management may be very different. If the 
feature is a wetland, then the management 
objective may be to ensure that there is 
sufficient groundwater discharge to the wetland 
to maintain its health. In this case, changing 
the land use in the areas of recharge from open 
farmland to, say, plantation forests, would 
reduce the amount of recharge, and ultimately 
the health of the wetland. Likewise, you may not 
want to allow groundwater pumping near the 
wetland, as it can reduce waterlevels  
which inturn reduce discharge and can  
affect wetland health.

If the feature was salt affected land, that is 
where discharging groundwater evaporates, 
leaving the salt, which then affects the capacity 
for plants to grow, the management objective 
may be quite different. In this case, reducing 
recharge by planting trees, and hence reducing 
discharge could be a good thing. Likewise the 
use of pumping to lower water levels in the salt 
affected area could also be an advantage (but 
what would you do with the salty water?).

These examples highlight that basically the 
same tools are available for groundwater 
management – how they are applied depends  
on the aspect of the groundwater system we  
are trying to manage, and the values placed  
on different features fed by groundwater.

Figure 9.6  Management in a valley
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Monitoring groundwater

Groundwater in an aquifer system is monitored 
by selecting an even spread of wells or 
boreholes that extends across the aquifer. The 
groundwater depth (quantity) and the salinity  
(quality) of the water is measured regularly. 
Any changes in water level and water quality 
may indicate that the groundwater system is 
under stress from human activity and without 
adequate action may be severely degraded. 

Groundwater systems can take thousands of 
years to reach a natural balance, where the 
volume of water entering the system is similar 
to the volume of water leaving the system. 
Depleting groundwater reserves affects 
groundwater systems and can also impact on 
surface water and the environment. 

Groundwater is often hydraulically connected 
to creeks, rivers, wetlands and lakes such that 
any degradation in the quantity and quality of 
the groundwater will almost certainly damage 
the surrounding groundwater and surface water 
dependent environments.

Borehole measurements

Wells are used throughout Australia for domestic 
use, irrigation supply, monitoring and or removal 
of contaminants, injection of wastewater and 
artificial recharge. They are a crucial part of 
groundwater management.

Water managers need to be able to track the 
movement of water. Boreholes give them a 
direct picture of water height and as a result 
water movement. Water moves under the force 
of gravity from areas of high water to areas of 
low water level. Measuring the height of water 
in boreholes across a region can create a map 
of high water to low water levels. By linking the 
matching heights and creating contours a map 
of water movement can be created. Groundwater 
scientists do this to work out flow directions.

9 Managing groundwater

9.5

KEY TERMS 

Monitoring bore:
A bore drilled and 
constructed with part of 
the bore allowing water 
into the casing (pipe from 
the surface) from one 
aquifer, for the purpose of 
monitoring groundwater 
levels and quality.

Teacher Earth Science Education Program



9 Managing groundwater

9.6

Control of huMan aCtivity

If there are a lot of new bores being drilled into 
an aquifer or if there is stress in an aquifer, then 
a moratorium can be placed on a groundwater 
system. A moratorium is a period of time in 
which no additional water can be pumped from 
the aquifer in order for scientists to determine 
whether the area needs to be prescribed or not. 
In a prescribed area all new irrigation wells are 
licensed and a licence is only issued if certain 
conditions are met. 

These conditions can include:

•  That the well cannot be drilled within a certain 
distance of an existing well, unless it is to test 
the aquifer

•  Proving that pumping from the well will not 
interfere with existing wells

•  That no new licences are to be issued in a 
certain area and only the transfer of a licence 
can occur.

Monitoring plays an important role in a 
prescribed area as it may highlight areas of 
stress where usage needs to be reduced for the 
aquifer to survive.
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