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Aquifer groundwater is a crucial and valuable resource 
for Australia, but is poorly managed and monitored 
to the point of being neglected in some areas. This 
neglect is a risk for the future of Australia’s $60 billion 
agriculture production and industry that relies on the 
resource in an arid country.

About 30% of Australia’s total water consumption 
comes from groundwater, and use of the resource is 
increasing (estimated to have increased at least 90% 
— nearly doubled — in the 15 years from 1985-2000 
alone).1 

About 70% of the groundwater extracted is used 
for agriculture, and accounts for about 30% of the 
overall water used for agriculture. There is also strong 
reliance on groundwater for household water and 
other uses, with the Northern Territory in particular 
relying on groundwater for 90% of its overall water 
requirements.2

The volumes of water drawn far outstrip the estimated 
restocking from natural recharge, resulting in 
groundwater levels falling in many parts of Australia; 
particularly in the Great Artesian Basin (GAB), which 
holds water estimated to be up to 2 million years 
old, and underlies 22% of the Australian continent 
— extending into Queensland, New South Wales, the 
Northern Territory, and South Australia.3

However, it is impossible to accurately gauge how 
much the levels of the GAB and other groundwater 
resources have fallen, due to the poor monitoring of 
groundwater extraction, lack of proper management, 
underpricing of the resource, and lack of 
acknowledgement of its importance.

There have been significant efforts over the past 
30 years to manage this resource but the focus has 
waxed and waned. There is no continuous national 
work program to bring the system up to an acceptable 
standard. 

This has come about because it is largely a State 
responsibility and States have not appropriately 
funded or maintained the management systems 
(largely monitoring bores and staff) to allow proper 
overview. The federal government has developed an 
integrated collection and reporting system (BoM) but 
this has faded in value due to the declining monitoring 
network which feeds it.

The Murray Darling Basin Authority has focused 
attention on some parts of the problem but its main 
job is to buy back environmental water via purchase 
plans and efficiency development.

A renewed effort to audit and evaluate the current 
state of the monitoring system with recommendations 
for improvements to bring it up to an acceptable level 
would be a first step. 

The audit should focus on areas that would evaluate 
costs and benefits from both commercial and 
environmental viewpoints. We need to maximise the 
amount of water that can be safely made available 
to agriculture while improving our knowledge of the 
sustainability to safeguard future generations and also 
protect the ecological values and ecosystem service 
provided by the aquifers.

Executive summary
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Between 2004 and 2006, the federal government 
and all state and territory governments signed 
the National Water Initiative (NWI), reinvigorating 
coordinated national water reforms. Broadly, the 
NWI sought to improve water governance, and 
the efficiency, productivity, and environmental 
sustainability of water use. Among other things, it 
focused on achieving transparent and statute-based 
water planning, nationally compatible water access 
entitlements, integrated management of surface water 
and groundwater, resolution of water over-allocation 
and over-use, effective water accounting, and open 
water markets. The National Water Commission was 
established in 2004 to oversee the reforms. 

The 2007 Water Act gave regulatory teeth to elements 
of the NWI, at least in the Murray-Darling Basin. 
Contrary to common views, parts of the Water Act 
also apply outside the Murray-Darling Basin. The 
Act grants substantial powers to the Bureau of 
Meteorology in relation to collecting and disseminating 
information about groundwater around the nation, 

much of which had been buried in paper files at state 
and local water agencies. 

Though less sensational than reining in water use in 
the Murray-Darling Basin, the creation of an easily 
accessible repository of groundwater information 
provided vital support to agencies and businesses for 
understanding and managing groundwater resources. 
Unfortunately all of this activity faded away from 
2013. 

This is surprising given that children are taught from 
an early age that water is a precious commodity in the 
world’s driest continent.

Groundwater extraction

About 30% of Australia’s total water consumption 
comes from groundwater, and use of the resource is 
increasing (estimated to have increased at least 90%, 
nearly doubled, in just the 15 years from 1985-2000 
alone).4 

Current Status of Groundwater Use and Management

Source: Harrington N and Cook P, 2014, Groundwater in Australia, National Centre for Groundwater Research and 
Training, Australia.
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Figure 4c.  Groundwater use at a national scale as a percentage of total water use (AWRC, 1981; CSIRO, 2008; CSIRO, 2009a–e; Barron et al., 
2011; NT Department of Land Resource Management, pers. comm., 4 Sept 2013; WA Department of Water, pers. comm., 23 Oct 2013) 6.

6Note: this figure is based upon the original AWRC map from 1981, with more recent data added where available as per the references provided. The divisions used in 
the original map were based upon drainage divisions, and extra detail has been added to this based upon the references provided.
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11–50%:  Less groundwater used than surface water

0–10%:  Relatively little groundwater used compared with surface water 9
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About 70% of the groundwater extracted is used for 
agriculture, and accounts for about 30% of the overall 
water used for agriculture. In 2018-19, 8 million 
megalitres of water overall was used in agricultural 
production, of which 2.3 million megalitres was 
groundwater (a rise of 6%).5 However, Harrington 
and Cook state there is wide belief that actual 
groundwater use may be up to double this figure.6

There is also strong reliance on groundwater for 
household water and other uses, such as industry. The 
Northern Territory relies on groundwater for 90% of 
its overall water requirements, followed by Western 
Australia (around 63%), New South Wales (around 
36%) and Queensland (32%).7

There is growing concern about the impact of falling 
groundwater levels resulting from increased extraction 
far outstripping recharging of aquifers — calling into 
question the sustainability of the resource particularly 
as the lack of monitoring has allowed over-allocation 
and underpriced or free extraction8

Groundwater overuse is a particularly thorny issue in 
the context of aquifers that were recharged during 
different geologic periods and climates, and are no 
longer actively recharged — for example, the Great 
Artesian Basin and the Murray Group Limestone 
aquifer that straddles the Victoria-South Australia 
border. In such areas, groundwater extraction 
permanently depletes, or ‘mines’ the resource. This 
‘fossil’ groundwater supports around $25 billion (one-
third) of Australian mineral exports, as well as many 
homesteads, towns, mines, and pastoral enterprises in 
this arid zone. 

The key management issue is setting an acceptable 
rate of aquifer depletion, which involves considering 
the appropriate planning horizon, the direct and 
indirect costs and benefits of depletion to present 
and future generations, strategies for coping with 
post-depletion water scarcity, the protection of any 
ecosystems and cultural values that depend on the 
resource, public participation requirements, and 
appropriate monitoring strategies. 

Groundwater monitoring system and 
technology 

Australia’s network of 23,000 monitoring bores is 
key to the information needed for current and future 
management of groundwater. However, the ageing 
network requires a thorough assessment to identify 
monitoring failures and gaps.9 With better data we 
can develop better management.

As Rebecca Nelson noted:

In adopting a focus on controlling extraction, policy-
makers have tended to overlook groundwater 
management approaches that rely on infrastructure 
or more active management. At least two notable 
opportunities arise in connection with a more active 
management approach: managed aquifer recharge 

(MAR) and conjunctive water management strategies. 

Conjunctive water management strategically takes 
advantage of the different attributes of groundwater 
and surface water. For example, accessing and 
alternating between surface water and groundwater 
can increase water security and business flexibility, 
and engineering technologies can use aquifer storage 
space to maintain or enhance in-stream flows.10 

There is general consensus that groundwater 
monitoring needs a significant audit and considerable 
support to bring it up to a competent management 
tool for good governance. It’s not clear that new 
thinking on the ability to evaluate the current 
available data is driven by necessity or the belief that 
acceptable results can be produced by innovation. 

There has also been government reluctance or 
resistance to taking on board the local knowledge of 
water users in several important aquifer areas, such 
as the Namoi.

However, the Surat Basin seems to be the most 
comprehensive analysis of groundwater management 
in Australia, with extensive monitoring and modelling 
of extraction and recharge rates.11 Work done in 
the Surat basin over the past decade could provide 
a template for an audit to be conducted throughout 
Australia’s groundwater resources.

An assessment of groundwater monitoring 
technology by Sinclair Knight Merz (SKM) judged 
monitoring bores to be the “most reliable and low 
maintenance way to monitor resource condition in 
terms of cost, longevity, repeatability, and the ability 
to be implemented by jurisdictional or regional 
stakeholders—86% of monitoring data is collected 
through manual monitoring.”12

While remote sensing has been suggested as a 
solution for aquifers with a high distribution of 
extraction points, metered points remain the most 
accurate method for gauging groundwater use. 

Remote technology has been implemented on only 
a small percentage of the monitoring bores, with 
dataloggers on 9% and telemetry on 5%, however 
this allows more frequent monitoring without the 
need to continually visit distant locations in widely-
dispersed rural areas. 

The reducing number, and growing deterioration, of 
monitoring bores was highlighted in a report by GHD 
on groundwater management in the Murray-Darling 
Basin, which found there was “increasing focus by 
states to rationalise monitoring networks for economic 
reasons” which undermined the ability to identify 
problems as they emerged. The report urged “regular 
revision of management plans, monitoring networks 
and underlying numerical models based on updated 
monitoring data,” citing scarcity and maintenance of 
the monitoring network bores as key issues.13 

SKM further estimated in 2011 that an additional $52 
million annually was required to repair and replace 
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failing monitoring bores and conduct appropriate 
monitoring and maintenance — a 33% increase of 
federal funding — of which $36 million annually would 
be needed for planning and management that includes 
identifying groundwater planning as a separate 
component of overall water planning for “effective cost 
recovery.” However, a more considerable investment 
of $872 million would be needed if deterioration 
reached a stage where complete replacement was 
needed.14

Groundwater management and stakeholder 
involvement

Appropriate and effective management of both the 
groundwater and the monitoring networks can only 
be implemented when there is clarity about the 
objectives and responsibilities for all parties, including 
government departments, farmers and industries. The 
capture and inclusion of local knowledge would also 
reduce the risks inherent in relying on the currently-

incomplete monitoring data as the basis of making 
decisions.15

Community and stakeholder engagement is crucial 
in the decision-making and management process, 
and should be integrated into considerations of 
the “wider context of surface water connections, 
catchment management and cross-sectoral issues 
with economics, energy, climate, agriculture and the 
environment.”16 

A disturbing trend in Australia is that we are losing 
our capability to study the problem as universities are 
cutting back on groundwater courses as funding dries 
up. R&D has been reduced and when we hit crisis 
levels in the future, which we most certainly will, we 
will have to engage overseas expertise which will take 
time to acclimatise to Australian conditions.

A little foresight could avoid the problem by setting up 
a key team to map out the work programmes to fill in 
the knowledge gaps.

Case studies

Case studies below will examine contrasts in 
management between the Great Artesian Basin’s sub-
areas of the Namoi catchment and Surat basin. 

Namoi Catchment 

The Namoi catchment Water Sharing Plan (WSP) 
was completed after the overarching National Water 
Initiative (NWI) was finalised, and hence the NWI 
offered little information covering the connectivity 
between the groundwater system and the — usually 
dry — single riverbed above it, in a region where 
over-allocation of groundwater has become a serious 
problem.17

This problem is compounded by long periods of lag 
in obtaining sufficient data, with two decades of 
extraction in the Namoi Catchment before there was 
enough data to map the holdings and analyse the 
impact of extraction.

CSIRO noted that increased dedicated monitoring was 
needed “at a higher frequency along other reaches of 
the river network” as the reduced levels in the aquifer 
will result in “depletion of the river baseflow” itself, 
and that the past decade of groundwater extraction 
for irrigation has already caused depletion in the 
Namoi River.18 

The results presented show that further research 
is required on the delivery and usage of water, at 
different times and to different locations, to achieve 
both goals of supporting irrigated agriculture and 
protecting groundwater-dependent ecosystems. This 

can be more readily achieved if surface-water and 
groundwater are managed as a single resource at the 
catchment scale. We now have enough knowledge 
of the effects of groundwater withdrawals and their 
impacts on groundwater level, and on stream-
and-aquifer interaction. This facilitates research 
opportunities on optimising the conjunctive use of 
surface-water and groundwater, while considering the 
ecological impacts.19 

Surat Basin

The Surat Cumulative Management Area (CMA) 
contains around 22,500 bores. Around 8,100 draw 
from the Great Artesian Basin largely for stock and 
domestic (S&D), stock intensive, industrial and 
town water supply. About 13,500 bores access the 
overlying alluvium (mainly the Condamine Alluvium) 
and tertiary basalts for irrigation and S&D purposes. 
The remaining 900 or so bores access the underlying 
Bowen Basin. The majority of groundwater extraction 
— other than that used in coal-seam gas production is 
not metered, leading to “a high degree of uncertainty 
in relation to actual use.”20 

Ongoing research by the Office of Groundwater 
Impact Assessment (OGIA) and others, using scientific 
assessment and additional datasets acquired since the 
previous report three years earlier, was reported in 
2019 to have improved understanding of the geology 
and groundwater flow systems in the Surat basin. It 
also allowed redevelopment of the geological model 
incorporating up-to-date mapping and coal seam gas 
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While the changes on the demand side can probably 
be predicted with reasonable certainty, the processes 
that govern groundwater recharge are highly 
non-linear in both time and space; and rely on 
rainfall amounts, distribution, intensity, frequency, 
temperature, evapotranspiration and soil moisture 
processes. 

Because of the spatio-temporal variabilities and non-
linear processes (small changes in climate variables 
may lead to large changes in recharge), we will likely 
be saddled with large uncertainties on recharge 
estimates. 

A pragmatic solution to this problem is to determine 
the actual recharge by monitoring groundwater levels 
and to use the data for adaptive management. As we 
are recognising the role of groundwater for ecosystem 
services, groundwater-dependent ecosystems, and 
providing baseflow to streams, we should reconsider 
how we strategically locate our future groundwater 
monitoring networks to also monitor the health of 
ecosystems and impacts on ecosystem processes.

New or updated bore networks therefore need to be 
optimised to both monitor the state of the resource as 
well as impacts on ecological assets. Individual bores 
also need to be designed and optimised for both water 
level and water quality monitoring, whereas focus 
in the past has primarily been on water levels. To 
support this report research into a number of issues 
should be initiated

1.	� Estimates of the spatial and temporal variability of 
groundwater recharge (the rate of recharge is the 
key sustainability parameter rather than aquifer 
volumes).

2.	� Ecological impacts of groundwater drawdown and 
better methods for determining environmental 
water requirements and determining the true costs 

of environmental degradation due to groundwater 
depletion.

3.	� Water quality changes (deterioration) due to 
groundwater depletion as well as changes in 
physical water management (e.g. water quality 
changes caused by managed aquifer recharge 
schemes).

4.	� Cost-benefit analysis of the true value of 
groundwater and processes it supports (including 
environmental, ecological social and cultural).

5.	� Sociological studies of alternative governance and 
management strategies (e.g. cooperatives etc.).

Next steps

1.	� Develop scope of work for design of monitoring 
system described above including timing of work 
to review progressive updates.

2.	 Award contract

3.	� Review outcomes and develop construction plan.

4.	� Award sub contracts on an aquifer basis to install 
monitoring system.

5.	� Review effectiveness of work on a regular basis.

A higher level review of aquifer connectivity and its 
effects should be studied as data emerges from the 
work.

We spend billions of dollars on social programmes 
which will be wasted if we run out of potable water. 
Groundwater is a key part of the overall system and 
needs to be studied deeply to properly manage a 
sustainable future for our country.

Conclusion and proposals

(CSG) well and geophysical data in “a complex model 
that simulates 34 layers of geological strata over a 
large area – about 450 x 650 km.”21 

The 2019 report noted that the monitoring network 
would be increased from the then approximately 600 
monitoring points to 622 groundwater level and 103 
water chemistry monitoring points — a 10% increase 
on the 2016 specification. There is also provision for 
ongoing replacement of monitoring bores that are no 
longer suitable. 

This improvement in monitoring is used to more 
accurately calibrate the groundwater flow model, 
produce more accurate estimations of groundwater 
extraction and aquifer levels, and also inform the 

efficiency and effectiveness of reinjection schemes 
in the basin. The results suggest that groundwater 
declines are likely to be caused by non-CSG 
extraction from the Hutton Sandstone aquifer, and 
that reinjection is the leading positive effect on water 
levels.

The model is also the basis for predicting impacts 
from existing and planned CSG projects — both in 
the short- and long-term (in which a water level 
decline of more than five metres is predicted) — which 
informs proactive ‘make good’ mitigation or reinjection 
arrangements. This saw 100 new bores added to the 
122 previously identified with short-term impacts, 
with 88 assessed and 99 ‘make good’ reinjection 
arrangements reported as being implemented.22 
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