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Preliminary modelling suggests that 
the Murray Basin, Perth Basin, Hunter 
Valley and Bundaberg areas may be 
suitable for water banking in Australia.

The potential benefits of water banking 
include an increase in the volume of 
water available for environmental flows, 
more natural river flow regimes, a 
decrease in river salinity, better  
drought preparedness, and more 
reliable water trading.

Issues that need to be addressed before 
the implementation of water banking are 
the current water licensing/entitlement 
system, the role of public and private 
funding, water accounting, and the 
mobilisation of salt.
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Each year, Australia potentially loses 
8000 GL of water (equivalent to around 
16 Sydney Harbours) to evaporation 
from our large dams, which is about  
9% of all the water stored in dams.

Water banking makes use of the vast 
water-holding capacity of an aquifer 
to store water (recycled or river) 
underground and away from the  
effects of evaporation.

Water banking is the generic term  
for artificially recharging aquifers.  
The most common techniques are: 

n	 aquifer storage and recovery (ASR), 
which uses bores to inject water  
into the aquifer

n	 infiltration basins, which act like 
extra-leaky farm dams that encourage 
the recharge of water to the aquifer.

Water banking works best where there 
is a ready source of recharge water; 
permeable, low-salinity aquifers; a deep 
watertable and a high-volume usage 
such as irrigation.
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Introduction
Dams provide water security for cities, 
rural communities and farmers. Because of 
evaporation and leakage, dams may not always 
be the best way of storing water. One possible 
solution is to make use of groundwater aquifers 
to store water away from potential evaporation. 
This technique is called ‘water banking’ (storing 
water underground in aquifers), or sometimes 
‘managed aquifer recharge’ (MAR).

What is water banking?
Water banking is a conjunctive water-
management (treating groundwater and 
surface water together) tool that uses the 
vast storage capacity of aquifers to store 
water (Figure 1). Normally, aquifers are slowly 
recharged by downward seepage of water 
from rivers and rain. Water banking speeds 
up this natural process by actively increasing 
the amount of recharge entering the aquifer by 
artificial means.

As the name suggests, water banking can act 
like a bank, whereby you make deposits when 
times are good (floods or periods of above-
average rainfall) and then withdraw the water 
when needed (irrigation season or periods of 
drought). Harvesting water from rivers and 
storing it underground is like moving money 
between accounts — the overall balance 
does not go down, it just changes location. 
In addition, like a bank, accounts can be 
overdrawn during times of need (drought), with 
the understanding that the loan needs to be 
repaid with interest.

There are several different techniques for 
transferring water underground, but the most 
common are aquifer storage and recovery, and 
the use of infiltration basins. Other methods of 
water banking are outlined in Box 1.

Aquifer storage and recovery (ASR) uses bores 
to inject water into the aquifer. Usually, the 
bore that injects the water can also be used 
to retrieve it (Figure 2). The main advantage of 
using ASR is the small footprint of the injection 
bore, which makes it a good choice in areas 
such as cities where space is at a premium. 
Disadvantages are the higher operating costs 
and the need for relatively clean water to 
prevent clogging. 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 (Gerges et al. 2002).

68.7%

30.1%

1.2%

Rivers, lakes and atmosphere

Glaciers and ice

Groundwater

Where in the world is freshwater stored?

FIGURE 1  World freshwater storage —  
of the water that is generally available for 
human consumption (groundwater and rivers), 
groundwater volume is about 30 times larger 
than surface water, although not all of it is 
available for use.
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In infiltration basins, water is held in shallow 
ponds located above permeable sand bodies. 
Under the influence of gravity, water seeps 
into the aquifer and can be extracted at a 
later period (Figure 3). The major advantages 
of infiltration basins are a relatively low 
operating cost (gravity does the work), the 
high volume of water that can be recharged, 
and the straightforward nature of dealing 
with clogging (bulldozers scrape out the 
basins). Disadvantages are the large surface 
area of the basins and the potential for 
evaporation. Australian examples of the use of 
infiltration basins include the Burdekin Delta in 
Queensland. There, infiltration basins are used 
to recharge the alluvial aquifer that has been 
depleted by decades of use for the irrigation of 
sugarcane (Charlesworth et al. 2002).

FIGURE 3  Using the infiltration basin technique, water is pumped into shallow basins located above 
a permeable zone in the aquifer. Due to gravity, the water seeps down into the aquifer where it 
makes its way to the watertable. The extra water reaching the watertable causes a mound of water 
to form, which then flows away from the infiltration basin, where it can be exploited by groundwater 
bores (modified from Dillon 2005). 

Photo:

FIGURE 2  Over time, the extraction of 
groundwater from a bore draws down the 
watertable in the vicinity of the bore. Using 
aquifer storage and recovery (ASR), water is 
injected back into the aquifer, causing a rise in 
the watertable and the formation of a mound of 
water around the bore. If many bores are used 
within a region, a large volume of water can be 
added to the aquifer (modified from Dillon 2005).
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BOX 1

While ASR and infiltration basins are the 
dominant methods used to bank water 
for recharge, there are also several other 
techniques that have specialist uses  
(modified from Dillon 2005). 

Underground dam. This is a very simple 
way to store water, particularly in fractured 
rock areas. Low-permeability material is 
injected into the fracture, preventing water 
from draining away. The groundwater rises 
behind the blockage, thus increasing the  
supply of water. 

Rainwater harvesting. Water is collected 
from roof catchments as usual, but instead 
of using an above-ground tank, the collected 
water is stored in a leaky tank below the ground 
that acts to recharge the aquifer.

Recharge releases. This is a true 
conjunctive-use solution to increasing the 
amount of water in storage. Water is captured 
in a dam and then slowly released so that  
most of the water is recharge into the aquifer. 
An Australian example is in the Callide Valley in 
Queensland, where water from the Callide and 
Kroombit dams recharges the alluvial aquifers 
in the region by the slow release of water from 
the dams 1. 
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Underground Dam

Rainwater Harvesting Recharge Releases

1	 http://www.sunwater.com.au/pdf/about/SunWater_Annual_Report.pdf   
	 (Accessed 22 March 2006)
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The rest of this document has looked at the 
general benefits/issues to be gained from 
embracing water banking, but an individual 
region will have its own range of a site specific 
solutions and problems. To look at just one 
example in the Murray-Darling Basin (MDB) 
you can see how some of the general issues 
raised below can be put into practice.

Benefit
The long-term average salinity of Lake 
Victoria is 439 EC units. Lock 9 (upstream of 
Lake Victoria) along the River Murray has a 
salinity of 366 EC units, while the River Murray 
downstream of Lake Victoria has a salinity of 
438 EC units (Figure 4) – an increase of 72 EC 
units. It is difficult to assess the cost of this 
increase in salinity of the River Murray, but the 
Murray-Darling Basin Commission is spending 
$60 million over the next 7 years to reduce the 
salinity of the River Murray at Morgan by 46 EC 
units (http://www.mdbc.gov.au/salinity/basin_
salinity_management_strategy_20012015/
salt_interception_scheme/). Changing the 
location of water storage to water banking may 
allow either a reduction of salinity at Morgan 
or provide a market for the purchase of salinity 
credits by other users. It must be remembered, 
however, that there may competing cultural 
or environmental interests that preclude the 

decommissioning of Lake Victoria. The ultimate 
decision on what to do with Lake Victoria 
should reflect the values mostly highly prized  
by the community. 

Issues
The Murray-Darling Basin Cap places a limit 
on the volume of water that can be diverted 
for consumptive purposes. In order for water 
banking to occur in the MDB the volume of 
water banked has to be the same (or less than) 
the volume of water currently extracted from 
the river system. However, additional water 
could also be harvested during large flood 
events that are in excess of, for example, a 1 
in 20 year return interval (off allocation flow 
and therefore not under the Cap). During these 
periods of flood, river flow can increase by over 
10 times, allowing water bankers to deposit 
a much larger volume of water than normal. 
Unfortunately, most flood pulses last only a few 
days, which is not enough time to recharge a 
significant amount of water. This is where a 
connected water-management approach can 
be useful; water can be temporarily stored in 
low-evaporation dams until it can be banked. In 
the context of banking, it is akin to winning the 
lottery and making sure that you save as much 
as possible, before the money runs out.

5

Why water banking?
Dams can lose water in a number of ways, 
but the most important are evaporation and 
seepage (loss to groundwater). If a dam is 
properly built and sited, then the loss of water 
to seepage should be low. Evaporation can also 
be limited by ensuring that the surface area 
relative to the volume of the dam is low, and by 
placing the dam in an area of high rainfall and 
low temperature. 

The dams in the Snowy Mountains Scheme 
are good examples of low evaporation dams. 
Lake Jindabyne and Lake Eucumbene will lose 
(if the lakes are kept full) about 2–4% of their 

FIGURE 4  Satellite image of Lake Victoria and the River 
Murray, showing the average salinity of the river at Lock 9, 
where water is diverted to Lake Victoria; Lake Victoria; and 
Lock 7, which is the outfall of Lake Victoria.

An example of water banking in the MDB
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both state and Commonwealth governments 
through the introduction of programmes such 
as the Murray Darling Basins Commission’s 
Living Murray Initiative which aims to return  
500 GL/yr of water to the River Murray2.

The use of water banking to store water has the 
potential to procure water savings without the 
need to deny the water rights of existing users. 
For example, the prospective water savings 
from changing water storage from Lake Victoria 
and the Menindee Lakes to water banking could 
provide an additional 1000 GL of water that 
would have otherwise been lost to evaporation. 
This water could be invested in the environment 
and/or made available to irrigators.

Better timing of environmental flows
Plant and animal communities develop along a 
river system in response to flow regimes. Even 
if the volume of water within the river system is 
kept the same, changes to the flow regime can 
adversely affect ecosystems. Within Australia, 
regulation of some river systems for irrigation 
has reversed the natural flow patterns in rivers 
from low flows in the summer and high flows 
during the winter/spring, to high flows during 

capacity through evaporation annually. The 
Australian average loss is about 32%, but in 
some water storages the rate is much higher, 
such as in Lake Victoria (25%) or the Menindee 
Lakes (48%) in the Murray–Darling Basin. Total 
evaporation from large dams across Australia  
is potentially in excess of 8000 GL of water  
per year (Bureau of Rural Sciences, 
unpublished data). 

Dams with a large loss-to-volume ratio can be 
investigated to see if their function could be 
carried out and improved by water banking.  
On the other hand, dams with a low 
evaporation-to-volume ratio can be maintained 
to help to provide temporary water storage, 
mitigate floods and generate hydroelectricity 
(especially the dams of the Snowy Mountain 
Scheme). 

Like any other method of storing water, the 
water savings associated with water banking 
will depend on the characteristics of the aquifer 
system. In general, the recovery rate depends 
on the salinity of the aquifer (fresh is best), 
the lateral flow rate, aquifer heterogeneity 
(variability of composition) and the integrity of 
confinement (how well water is contained in 
the aquifer) (P Dillon, pers comm). 

Benefits of water banking
Providing salinity credits
Controlling the salinity of the River Murray at 
Morgan has been a long-term goal of river 
management. Two of the dams (Lake Victoria 
and the Menindee Lakes) with the largest 
evaporation rates (which lead to increases in 
their salinity) were developed to maintain high-
security flows for South Australia. 

Water banking can also reduce the salinity 
of rivers, through the investment of the water 
savings found through water banking into 
dilution flows. 

Increasing water availability
The extraction of water for consumptive 
purposes has decreased the natural flow of 
water in many Australian rivers. In some cases, 
this reduction in flow has had unintended 
consequences for the health of the river and  
its ecosystems. This has been recognised by 

DEH

2	 http://thelivingmurray.mdbc.gov.au (Accessed 22 March 2006)
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the summer (irrigation season) and low flows in 
the winter (replenishing storage). 

Water banking could free growers from using 
the river as both the source and delivery 
mechanism of irrigation water. Rather than 
releasing large volumes of water down the river 
during the summer to meet irrigation demand, 
releases could be made during the winter 
and banked in aquifers until withdrawal for 
irrigation during the summer. Similar to  
off-peak electricity, incentives such as 
discounted costs could encourage such  
off-season water releases to move river flows 
towards a pre-regulated regime.

Recycling water and stormwater
Each year, Australian towns and cities produce 
approximately 2300 GL of effluent and 3700 GL  
of stormwater (Hostetler et al. 2005). Of this  
6000 GL of water, only a small percentage (2% in 
Tasmania to 15% in South Australia and Victoria) 
is recycled3. Making better use of recycled 
water, could help strengthen the security of 
town water supplies for many years and save 
money as well. 

Water banking can be part of the solution 
to treating and storing both effluent and 
stormwater, and it is currently one of the major 
uses of water recycling in Australia (Gerges 
et al. 2002). As Australian cities increase the 
proportion of water that is reused, storage 
of the reclaimed water will become more 
important. Space is generally at a premium in a 
city, so water banking could be cost-effective 
in that water would be stored underground 
rather than in large ponds. If managed properly, 
water banking could coexist with current land 
use, and provide a low-cost water source for 
industry or municipal authorities.

Managing seawater intrusion
Seawater intrusion usually occurs when 
aquifers along the coast are heavily pumped, 
which can lead to a reversal of the groundwater 
gradient from towards the sea to away from 
the sea. The change in groundwater gradient 
causes saline water from the ocean to move 
inland. It is a problem in many of Australia’s 
coastal aquifers, particularly in Bundaberg, 
Queensland, the Gippsland Basin, Victoria and 
the Perth Basin, Western Australia. 

Water banking can be used to restore the 
natural groundwater flow path, blocking further 

MDBC

3	 http://www.farmhand.org.au (Accessed 22 March 2006)
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inflow of seawater. In addition, the introduction 
of fresh water into the aquifer through water 
banking can also rehabilitate saline aquifers 
by diluting the contaminated water, reclaiming 
the salinised aquifers for productive use. The 
technology is already being used in Australia in 
the Lower Burdekin Delta in Queensland, and 
in other countries such as Spain and the United 
States of America (Charlsworth et al. 2002, De 
la Orden-Gomez and Murillo 2002, Mills 2002).

Protecting environmental benefits
Water banking can also be used to help 
maintain important, at-risk environmental 
assets. However, because of the cost involved, 
this form of water supplementation can 
generally only be used for a short period of 
time, depending on the needs of targeted uses 
such as the environment (during spawning 
season) or irrigation (growing season). Water 
banking can take a number of forms, such 
as using groundwater to increase flow in 
rivers, using surface water to maintain a high 
watertable in ecologically important regions, or 
injecting water near groundwater-dependent 
ecosystems.

Water banking  
in Australia
Like siting a new dam, finding a location 
that is suitable for building a water-banking 
scheme can be difficult. Information on aquifer 
characteristics (type, extent, water-holding 
capacity and depth), the distance to a ready 
water source (high rainfall, river or stormwater) 
and the closeness to potential users (irrigators 
and towns) is all relevant for making the 
decision. 

Using a geographic information system (GIS) 
approach, the different data layers can be 
combined and a relative score given to each 
layer depending upon how it affects water 
banking. The result of a preliminary analysis for 
Australia (Figure 5) shows a relative measure 
of the suitability of an area for water banking. 
The blue areas are comparatively highly 
suitable and red areas poorly suited to water 
banking. Note that some areas may show up 
as prospective, even though they have highly 
saline groundwater or the aquifer is under 
artesian pressure, both of which are strong 
disincentives to water banking. This is due to 
the other positive characteristics of the area 

FIGURE 5  Suitability for water banking across Australia (grid size 5 km). The blue areas are relatively 
more suitable for water banking than the red areas.
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overwhelming the negative. While this is a 
limitation of the GIS approach to assessment 
of water-bank prospectivity, the false-positive 
results can easily be filtered out once the 
model is complete. Another limitation of an 
Australia-wide map is the lack of high-quality 
national-scale datasets, which necessitates the 
substitution of other datasets to approximate 
missing data, such as depth to watertable. In 
addition, other information, such as mineralogy, 
unconfined/confined aquifers and the volume 
of water that can be stored in an aquifer, 
which would be helpful in this analysis, are 
not available at a national scale. Regardless 
of these limitations, a national-scale map is a 
useful first-pass filter for assessing locations 
where water banking could succeed.

Neither high salinity nor artesian aquifers 
necessarily preclude water banking, but 
both issues increase the cost. In the banking 
context, using salty or artesian aquifers carry 
higher bank fees, but the return on the account 
may mean that the extra fees are worthwhile. 
Putting fresh water into a high-salinity aquifer 
will cause a freshwater bubble to form on top 
of the salty groundwater. Care will then need 
to be taken when withdrawing the fresh water 
to minimise the chance of mixing the fresh and 
salty water. The result of this limitation means 
that not all of the water banked into an aquifer 
can be recovered. Aquifers under artesian 
pressure are a disincentive because in order 
to bank water in the aquifer, the user must 
overcome the artesian pressure head, which 
will greatly increase the cost of banking. 

The GIS model helps to focus investigation in 
the areas with the greatest prospect for water 
banking. The GIS approach is particularly useful 
where more detailed information is available at 
a regional or local scale.

Issues to be resolved
Public versus private funding
The cost of establishing a water-banking 
scheme may be high. Investments in new 
infrastructure and the purchase of capital 
equipment will need to be made. The question 
of who bears this cost will depend upon who 
benefits from the water savings.

Private users will only be interested in 
switching to water banking where they 
perceive a benefit to their operation. There are 
several possible mechanisms to encourage the 
uptake of water banking, such as discounting 
water charges if water is banked during low-
demand periods, or by allowing a share of 
the water savings to be allocated to the user. 
Similarly, where the public sector contributes 
to the infrastructure costs of water banking, the 
saved water could be reinvested in numerous 
beneficial ways.

Although more work needs to be done on 
the economics of water banking, anecdotal 
evidence suggests that water banking is very 
competitive compared to building a new dam 
(WR Mills, Former General Manager Orange 
County Water District, California, USA, pers 
comm).

Licensing
Because managing groundwater and 
surface water as a connected resource is a 
relatively new approach, it has not yet been 
fully incorporated into the water resource 
access regimes. Therefore, there are several 
institutional obstacles that need to be overcome 
in order to advance water banking. 

MDBC
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For example, an irrigator with a surface-water 
entitlement would not currently be able to 
withdraw banked water from an aquifer  
without also having a groundwater licence.  
In addition, if an irrigator withdrew 5000 ML of 
water from the river for banking, and then later 
withdrew the same water from the aquifer for 
consumptive use, they could be deemed to be 
using 10 000 ML of water. 

One way to overcome the above problem 
is for users to be charged only against 
their entitlement when they use water for 
consumptive purposes. Merely transferring 
water from one source to another does not 
change the amount of water in the system.

It must be emphasised that water banking only 
changes the location of where water is stored. 
All existing regulation regarding the amount of 
water that can be taken from a river system still 
hold whether the water is stored in dams or in 
aquifers.

Managing groundwater  
levels over the long term
Currently, the allowable volume of water 
extraction from an aquifer is managed by the 
states and territories based upon a percentage 
of natural recharge, with the management goal 
being to maintain groundwater levels over a 
multi-year cycle. However, for water banking to 

work effectively, allowable abstractions would 
need to be based upon the volume of water 
banked within the aquifer. The implications of 
this are that water levels could fluctuate over a 
greater range than is presently allowed, to take 
into account banking during the winter (high 
watertable) and withdrawal during the growing 
season (low watertable). Change in water levels 
could be allowed to occur within management 
periods but not between management periods.

Mobilisation of salt
Raising or lowering the watertable in an aquifer 
can mobilise stored salt (Baker et al. 2004).  
If the watertable is shallow, water banking 
could cause waterlogging and salinisation of 
the ground surface. These potential problems 
can be avoided with careful investigation of the 
proposed water-banking site and management 
of the amount of water recharged into the 
aquifer. 

Other issues
Costs
Much of the infrastructure that irrigators 
rely upon, such as dams and canals, were 
constructed as part of a nation-building 
exercise last century. Their cost was absorbed 
by the Australian public so that the price of 
water reflects more the maintenance costs 
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of the infrastructure and not the initial cost. 
Water banking on a scale large enough to 
return significant water savings has not been 
attempted elsewhere in the world, so the total 
costs are not known. However, if the economics 
are favourable, then water banking can be 
considered as part of the mix of water-saving 
technologies.

Not all of the water banked in an aquifer can be 
recovered. The amount of recovery (60-80% of 
banked water) depends on the type of aquifer 
with coarser aquifer material being better than 
fine-grained material (Bouwer 1978). However, 
as only the volume of water that was recovered 
needs to be replaced during each subsequent 
cycle, the relative volume of water lost will 
decrease overtime.

Clogging
Much as sedimentation can render dams 
unusable, clogging (sediment in the water 
blocking the pore spaces in the aquifer) in 
its various forms can make a water-banking 
scheme inoperative. Clogging can affect 
all water-banking methods and can vastly 
decrease the amount of water that can be 
recharged into the aquifer. In the case of ASR,  
it can also decrease the amount of water that  
is recovered from the aquifer.

Clogging of the aquifer can also occur through 
chemical disequilibrium between the recharge 
water and the groundwater/aquifer. This can 
cause the deposition of mineral salts such as 
calcium carbonate, which will act to fill up the 
pore space within the aquifer. This potential 
problem needs to be identified during the 
investigation phase of a water-banking scheme.

Next steps
In order to realise the potential of water 
banking and to take advantage of the possible 
water savings, the size of water-banking 
schemes will need to increase by several 
orders of magnitude. Thus far, the schemes 
that have been developed in Australia have 
been fairly small (typically less than 1 GL/yr 
of storage) and have been operated for only 
a few years, making the assessment of long 
term effects difficult. Before investment on 
a large scale takes place, detailed regional 

investigations and local-scale studies into the 
suitability of an area for water banking similar 
to the Australia-scale map (Figure 5), need to  
be made. 

CONCLUSIONS 

Water banking is an exciting opportunity 
to make better use of Australia’s water 
resources. If managed correctly, water 
banking may provide additional water for both 
the environment and consumptive users by 
increasing the efficiency of how Australia 
stores its water. To make water banking a 
reality, there is a to determine where water 
banking can be done efficiently, and its true 
costs. In addition, a detailed examination 
of possible legislative impediments and the 
economics of investing in water banking would 
also be needed.

Further information on water  
banking can be found on the website  
http://www.connectedwater.gov.au or from the 
International Association of Hydrogeologists4.

4	 http://www.iah.org/recharge (Accessed 22 March 2006)

MDBC
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