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Managed Aquifer Recharge (MAR) and water banking overview
Managed Aquifer Recharge (MAR), also known as water banking, is the term for techniques that include
injection wells and infiltration basins to intentionally recharge water into aquifers for later recovery or
beneficial use. MAR can support water use for environmental outcomes as well as municipal water
supplies, agricultural irrigation and other industrial uses.
MAR offers the potential to assist communities with achieving water security. The principle is simple:
recharge aquifers when water is cheap and plentiful, such as during periods of high rainfall, so there is a
‘bank’ of water to recover during drought when water is scarce and expensive. In aquifers that are
depleted, that storage space for water banking already exists. This is like an underground reservoir or dam
that does not need to be built, with the additional benefit that it is protected from evaporation. The use of
aquifer storage to bolster groundwater resources adds resilience to communities from the negative effects
of drought and reduces pressure on surface water supplies.
Since the 1990s, there has been considerable progress in MAR in Australia with stormwater and
wastewater for urban water supply. See a snapshot of MAR types in Australia in 2017 in the figure below.

Figure 1 Snapshot of MAR in Australia in 2017. Image: CSIRO

To date, projects and results have been mostly localised in capital cities, with some more recent
investigations across northern Australia as part of the Northern Australia Water Resource Assessment
(https://www.csiro.au/en/research/natural-environment/water/NAWRA). Substantial progress has been
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made where local governments or state water utilities have partnered with CSIRO to conduct assessments
and determined that the potential benefits to water security outweighed the costs of investment. In some
cases, federal government investment has been provided to deliver pioneering research focused on
reducing the initial financial and technical risks associated with MAR projects.
Opportunities for NSW regional towns to implement MAR for improved water security during drought still
remain to be proven and would be furthered through the establishment of successful, well documented
demonstration projects. Indeed MAR could be applied as part of the NSW Water Strategy as a conjunctive
approach to surface and groundwater management to ensure security of water supply for social, economic
and environmental outcomes.
Some examples in regional areas in Australia exist where conjunctive use of surface water and groundwater
storage projects have been successful. For example, groundwater replenishment by the Burdekin Water
boards near Townsville in Queensland has been in operation since the 1960s to secure irrigation supplies
predominantly for sugar cane. Another example of MAR for irrigation support of viticulture is found in the
Angas-Bremer region of South Australia which has been in operation since the 1980s.

Opportunities for water banking in NSW regional areas
CSIRO research on the climate change effects of groundwater recharge has estimated substantial decline in
natural groundwater recharge will occur in the future (Barron et al., 2012). Generally, the percentage
recharge decline is approximately double the percentage of mean rainfall decline. In some areas in
southern Australia where groundwater demand is already near the sustainable yield, the decline in
groundwater recharge is estimated to be between 14 per cent and 55 per cent. This means that to simply
retain the current level of water security would require a similar percentage increase in recharge in these
areas – this is precisely where water banking could be explored as part of the NSW Water Strategy. Coastal
capital cities have previously made large water security investments, mainly in seawater desalination, but
there are many regional cities and towns – as well as agricultural systems and other industries – that need
greater water security. From CSIRO experience with MAR, opportunities for water banking are most
favourable in aquifers that contain fresh groundwater (and hence have a high water recovery efficiency),
have low groundwater hydraulic gradients and inter-aquifer leakage (minimising banked water loss), and
where MAR can be accommodated within exiting groundwater management plans (e.g. to manage volumes
and ensure access to recharged water). Reductions in surface water availability are also likely as a result of
reduced rainfall across most of NSW due to climate change. Regions that currently rely on surface water
may therefore also benefit from water banking as an alternative source of water during extended drought
periods (which are also more likely under climate change).
Recent CSIRO investigations in the Murray-Darling Basin region estimated an additional aquifer storage
potential of ~4 km3 in surficial aquifers near major watercourses across the Basin (Gonzalez et al. 2020).
This represents ~16 per cent of the ~25 km3 total accessible capacity of surface storages across the Basin.
For NSW, this equates to a potential 2,000 GL of aquifer storage (with a salinity of <3000 mg/L total
dissolved solids) or 1,300 GL (for salinity<1500 mg/L total dissolved solids) for locations < 5 km from a river.
Further work is needed to explore the feasibility of this.
In the same study, simulations of water banking appear very favourable, such as in the Macquarie River
catchment near Dubbo, NSW. Water can be purchased from the existing water market when cheap and
recovered when expensive, hence no new water extractions would be required. These results indicated
that peak aquifer storage could be accessed with a recharge capacity of 6 GL/month supplying water with a
market value >AUD$30M which is roughly double the estimated levelised cost of a water bank supply
(Gonzalez et al. 2020). Similar opportunities are likely to exist in other regions. CSIRO’s experience in other
states has revealed that demonstration projects will be key to implementing Action 6.7 of the NSW Water
Strategy, as they are important for gaining experience in operation and in governance, and in
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communicating broadly on performance, costs, and impacts. The economic drivers for water banking are
already indicated by significant increases in trading prices during droughts. However, incentives for
improving water security would need to include developing clearly defined rights to recover recharged
water during drought and demonstrating no impediment to the access and use of the recharged volume.
Demonstration projects that are well designed, monitored and managed are needed to give confidence
that water banking is effective, and that it can be managed so that it is fair to all water users, sustains the
environment and creates economic benefit.

Concluding remarks
Water security to achieve environmental, social and economic outcomes requires long term planning,
taking account of population growth, agricultural and industrial development and climate change. Further
research is required to prove up the opportunity across NSW of aquifer storages, so that conjunctive use of
surface and groundwater can fulfil the promise of water banking for drought resilience.
The economic benefits and cost savings are potentially very significant. Given there is declining water
availability, decreasing groundwater recharge and increased demand for water, water banking could
provide an innovation in mass water storage as part of the NSW Water Strategy.
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