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Abstract
The pursuit of sustainable groundwater resource management is a global aim that seeks to
balance the present human ‘needs’ with the desire for the resource to be available to meet the
needs of both the environment and future generations.

There are two fundamental

requirements to achieving this. Firstly, one needs to know as much about the groundwater
systems as possible, but equally as important, one needs to know as much about the resource
users as possible too.
3D hydrogeology provides improved methods for visualising and measuring a groundwater
system of interest. Investigations into the emerging technology at the commencement of this
study were applied to the Upper Loddon groundwater management area. The developed
method built a dimensionally accurate 3D computer rendition of the groundwater system to
generate both visualisations and water resource volume estimates. These defined how the
system was responding to use and enabled the management of the resource to be considered
in regard to the dynamics of recharge, use and natural fluxes.
Study of groundwater users involved social surveys to investigate groundwater user’s
knowledge of their resource, the type of information they prefer and their views on the
management of their resource. Findings from in depth interviews with 30 groundwater users
showed they were mostly supportive of the management plans in place over their water
resource. A little disappointingly, they preferred simple aquifer water level information to
more complex 3D renderings of the hydrogeology. Overall, their responses highlighted that
development and implementation of groundwater resource planning was based upon a strong
history of consensus building that developed a social licence (or sufficient stakeholder
acceptance) to operate.
Once groundwater resources are capped and no more entitlement is available, trade is the next
step that leads to better utilisation and more productive use of groundwater. Yet levels of
trade are low in Victoria and usage data shows that much of the issued entitlement is not used.
Social data from three focus group meetings, 36 interviews with licensed bore owners and five
water brokers provided first-hand trading experience and thoughts about trading. Analysis of
this data indicated that trade was viewed in a positive way, but that there are myriad reasons
why individuals may or may not trade. Policy changes could help facilitate trade, with
improved information and reduced administrative burdens, but cost aspects and a large range
of personal circumstances are major causes of trading inertia.

i

Sustainable groundwater resource management is therefore very reliant upon knowing the
groundwater system and knowing the users.

It is concluded that in comparison with

groundwater resource management in other countries, Victoria has in place a system that
works quite well and provides a good basis for achieving sustainable groundwater resource
management.
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Chapter 1
Introduction
Groundwater – The hidden water resource
Since the dawn of civilisation, humans have sought control over the most important of life
sustaining resources – water. In pre-scientific times, water that emanated from the ground was
seen as both extremely valuable, but also mysterious (Zhou et al., 2011). Rivers and streams
gather water that falls as rainfall and are easily understood, but to the ancients, the fact that
water could emerge from places in the landscape not connected to the drainage system was
recognised as being different, but little understood in many early cultures.
In ancient civilisations, natural springs were revered and protected. In early Britain, springs
were often sacred sites into which people made offerings to the Gods. The tradition of
throwing coins down wells arose from this ancient superstition. In arid Australia, springs were
an essential part of the hydrological cycle than enabled the first Australians to survive.
Accessing groundwater by knowing the location of springs, or where to dig into dried
riverbeds to find water, was a key skill required to survive in the arid interior of the continent.
People within the ancient societies that perhaps by accident or necessity became specialists in
dealing with groundwater were imbued with a degree of mysticism. The tradition continues to
this day, with water diviners, or dowsers, maintaining a belief system whereby they possess a
mysterious ability to ‘know’ where groundwater will or will not be found. While belief in such
skills persists in the community, groundwater also remains somewhat ‘mysterious’. Despite
more than 150 years since Henry Darcy conducted the first experiments in the 1850s that
established the science of Hydrogeology, for much of the community, elements of mystery still
persist.
This thesis does not debate the merits or otherwise of water divining, but explores some
recent technological and social developments that supersede these historical beliefs. Firstly, it
explores how recent technological developments in 3D mapping of groundwater systems can
support new methods of quantifying the groundwater resource, as well as provide better ways
to visualise the hydrogeology for the resource users. Secondly, it employed social research
methods to gain insights into what modern users of groundwater resources think about their
resource and its management, including what information they would like to see to help them
understand it. Then thirdly, it explored the recent development of groundwater markets and
trading, speaking to groundwater license holders about what they thought were the barriers
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and opportunities in groundwater trade in order to provide better guidance to the market
promoters and regulators.
The overall aim of these three seemingly disparate pieces of work has been a focus on bringing
closer together the technical, resource assessment side of hydrogeology with the resource user.
During the course of the 9 years of this study, Victorian groundwater use and management has
evolved, providing the opportunity to study some of these developments. The findings have
been documented in three journal papers and three reports listed on page IV. Findings from
these provided a cross-disciplinary platform from which new ways of assessing the
groundwater resource were developed and social implications for groundwater resource
managers and users identified.
Background.
At the commencement of this PhD in 2008, much of Australia was in the grip of a decade
long drought (now known as the Millennium drought, 1997 to 2009; Kiem, 2013; Kendall,
2013) and groundwater resources, like surface water resources, were under substantial
consumptive pressure. At the time, groundwater levels were falling in major irrigation supply
aquifers across southern Australia. This study has been a journey through modern
groundwater resource management that commenced with an initial focus on testing an
hypothesis that 3D hydrogeology methods could lead to improved groundwater resource
management outcomes. Literature describing the development of 3D-based hydrogeology
methods is covered extensively in Gill and Cherry 2009 and this provided the basis to pursue
the idea that it could provide a more robust, updatable and evolvable way to assess key aquifer
systems and enable better groundwater resource management.
Chapter Two (1st paper, Gill et al., 2011) looked at the Upper Loddon Groundwater Supply
management area and combined 3D hydrogeology methods with knowledge of the resource
use and Victoria’s water management framework to provide a better understanding of the
behaviour of the aquifer and its implications for sustainable water use. 3D geology mapping
allowed a spatially and dimensionally accurate rendition of the aquifer to be built from all the
disparate pieces of surface and sub-surface geology to describe the groundwater system of
interest. From this, it was possible to develop a new approach to model the groundwater
resource and test the impact of current levels of consumption.
The study changed direction from the technical to the social in order to learn more about the
applicability of 3D hydrogeology methods to groundwater resource management from the
perspective of the groundwater resource user.

Given that the key reason for needing

groundwater management plans is the water users themselves, social research methods were
2

used to seek evidence about what irrigation bore owners know about their resource, what
information they would like to see and how well they thought it was being managed under the
Victorian groundwater resource management rules.
Chapter three (2nd paper – Gill et al. 2014) describes the findings from in-depth interviews
conducted with a group of 30 groundwater users in two management areas. It sought out
their experience of participation in management of the groundwater resource and found that
the majority of people agreed with the need for management plans and thought that the
current plans had achieved sustainable resource use. It also found that the role of 3D
hydrogeology was probably less valuable for community engagement than initially hoped, but
it has proven to be valuable for government and water managers, with a semi-3D Victorian
Aquifer Framework (VAF) being developed and published in 2014 (DELWP, 2014).
Experience from the first social research highlighted the importance of gaining insights into
what the major stakeholders think about groundwater resource management. In Victoria,
water resource management plans have been enacted over many well develop aquifers. These
are based upon a concept of sustainable usage within a defined volume (or ‘cap’) which places
a limit on the total licensed volume of groundwater that can be used. The study used social
research again to delve into a consequence of the groundwater resource management plans
placing caps on extraction, which is leading to groundwater becoming a tradeable asset.
The limits placed upon total entitlement volume of groundwater from many Victorian aquifer
systems mean that additional use can only occur by purchase of entitlement from existing
licence holders. Chapter four (third paper, Gill et al., 2017) describes the results of interviews
with irrigation bore owners and water trade brokers about their thoughts and experience with
groundwater trading. It identifies some of the barriers and drivers that influence the thinking
of those with the most vested in the fledgling groundwater market. These findings provide
new insights into the likelihood that groundwater trade will become common practice, as well
as offering some thoughts as to how better utilisation through trade might be facilitated.
The final chapter discusses the key findings from the eight years of research and
contemplation and suggests some directions for the future of groundwater resource
management. Of central importance to this future is for all stakeholders to have a shared
understanding of all aspects of groundwater, starting with the geology of the aquifers and
finishing with an understanding of the dynamics of the economic, social and administrative
process of groundwater resource management, while also endeavouring to meet
environmental and sustainability goals.
3
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Using three-dimensional geological mapping methods to inform
sustainable groundwater development in a volcanic landscape,
Victoria, Australia
Bruce Gill & Don Cherry & Michael Adelana &
Xiang Cheng & Mark Reid
Abstract This study investigated the use of three-dimensional (3D) geological methods to provide better groundwater
resource estimates for the Spring Hill area in central Victoria,
Australia. Geological data were gathered in 3D geological
software, which was utilised to derive fundamental dimensional parameters of the groundwater system in the study area.
Mining industry software and hydrogeological methods were
combined to give volumetric determinations of the basalt
aquifer that were used to improve estimates of the groundwater resource. The methods reduce uncertainty about the
physical attributes of the aquifer systems and greatly improve
conceptual understanding of their behaviour. A simple
numerical water-balance model was developed to reﬁne the
estimates of aquifer volume and ﬂuxes to approximate
observed water-level behaviour in the area. This enabled a
much better comparison of groundwater resource use to the
natural inputs and outputs for the area. A key conclusion was
that the main issues for sustainable development and use in
the study area are more to do with the physical aspects of the
aquifer system, rather than simply the volume of water
pumped. Visualisations of the area’s hydrogeology also
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provide improved hydrogeological understanding and communication for groundwater users and administrators.
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Introduction
Three-dimensional (3D) geological mapping methods for
hydrogeological purposes are now becoming more widely
used. A growing global community of users is exploring
how to exploit 3D computational and visualisation
methods used by the minerals and hydrocarbon geologists
for groundwater purposes. The evolution of 3D visualisation of geological information has been worked on by
many groups around the world for many years (e.g. Turner
1991; Berg et al. 2009). Key information, including a
comprehensive coverage of the history and current
activities in this ﬁeld, is provided by the Illinois State
Geological Survey (2011) website (McKay 2011).
Robins et al. (2004) discuss the role of 3D visualisation
of groundwater systems as an analytical tool preparatory to
numerical modelling. Through a couple of case studies, they
demonstrate its role and value. A key assertion they make is
that it is in the initial conceptualisation stage that most
problems arise, so if the conceptual model of the physical
conﬁguration and behaviour of the aquifer system is wrong,
subsequent numerical modelling will also be incorrect. They
also found that a 3D approach could be of assistance in
conceptual model preparation by providing a check on the
logic of the hydrogeological conceptualisation. This is
especially the case if the 3D conceptual model is coupled
with a simple water-balance model. Bredehoeft (2002)
likewise makes a similar ﬁnding that the conceptual model
is the foundation of any numerical groundwater model.
With advances in digital technology and a growing base
of users/scientists wanting to see their subsurface project in a
3D portrayal, improved conceptualisation of complex geological settings can aid in better understandings of an
otherwise invisible realm. Other key references that describe
case studies on how 3D mapping and visualisations have
DOI 10.1007/s10040-011-0757-7
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been used to improve hydrogeological characterisation
include: Artimo et al. (2003), Ross et al. (2005) and Nury
et al. (2010). This study has sought to further explore how
these methods can be used in a practically focussed study
that aims to improve the fundamental groundwater resource
assessment of the study area, support subsequent technical
analysis and provide relevant information for groundwater
resource-management processes.
The proposition this study tests is that 3D hydrogeological
methods provide signiﬁcant advantages when conducting
groundwater resource assessments, which lead to improved
resource-management outcomes. By applying these new
tools and methods to a case study area, this report describes
what was found in regard to the aforementioned proposition.
The report explores the use of the 3D geological data
sets to build visualisations and virtual constructs of the
aquifers in the study area. The 3D software is then used to
calculate the size of the aquifers and the area of critical
cross sections to estimate the quantities of water within
and moving through the study area. The size of the aquifer
provides the core component of a water-balance model, to
which the recharge and loss volumes then relate. This
provides a better context in which to understand the
behaviour of the aquifer against which the sustainability of
groundwater usage in the study area can be considered.

Background
Water resource pressures facing south-east
Australia
A key reason for exploring the potential of 3D geological
groundwater-resource-assessment methods is the increasingly water-stressed situation that affects much of Australia (NWC 2006; Kiem and Verdon-Kidd 2010). There is
strong interest in testing whether 3D-based hydrogeology
methods can yield more robust, re-useable and evolvable
hydrogeological results that enable groundwater resources
to be better managed, especially during water-stressed
times. There is also an ever-pressing need to improve
understanding of surface water and groundwater interactions
to support a more precise total water-resource-management
framework. Further interest lies in the ability to integrate 3D
geological and hydrogeological conceptual-model development with numerical modelling packages to improve
predictive capability to respond to future climate variability
challenges. Artimo et al. (2003) recognised that developing
physically based and numerical models in parallel provides a
process of feedback and incremental improvement as the two
evolve in tandem. Improved analysis of landscape- and
catchment-scale water-movement processes will also give
better understanding of other hydrologically driven issues
such as land-salinity occurrence, groundwater base ﬂow to
streams or protection of groundwater-dependent ecosystems.

Climatic influence on groundwater levels
Most of southern Australia has experienced a decline in
rainfall over the past decade. Kiem and Verdon-Kidd
Hydrogeology Journal (2011) 19: 1349–1365

(2010) undertook an extensive review of stream ﬂow and
rainfall data across Victoria in order improve understanding of the hydroclimatic change that has occurred
in the past decade. They concluded that a step change in
annual rainfall was apparent from 1994 onwards. This was
caused by a reduced reliability of late autumn rains arising
from changes in the frequency and timing of the synoptic
weather patterns that drive the Victorian climate. The
impact of this step change in rainfall has also manifested
in groundwater observation bore records throughout
Victoria. Particularly seen in bores installed during the
1980s for land salinity monitoring, the vast majority have
recorded a decline in groundwater level corresponding to
the reduced rainfall and recharge over the past decade.

State groundwater-resource management processes
In Victoria, the state government established there was a
need for groundwater management plans in the 1990s,
when declining groundwater levels and high development
densities became apparent in some aquifers around the
state. Recognising that a trigger was required to ascertain
where and when management plans were needed, a simple,
rapid empirical approach was developed to estimate the
available annual resource (DNRE 1996). The term initially
used to describe the annual available resource was ‘permissible annual volume’ (PAV), which was essentially analogous to ‘safe groundwater yield’. It was used as the basis for
setting initial groundwater pumping limits in Victorian
groundwater management areas (GMAs) and identifying
where allocations may be in, or approaching, excess.
The approach developed to derive PAVs involved
several calculations that were based upon the readily
available data and geological interpretations of each
groundwater management area. As a matter of some
urgency, the initial PAV assessments were carried out
rapidly, did not seek new data and were relatively simple
assessments. An audit (Reid and Cherry 2004) of the PAV
values derived for 35 of the 60 GMAs in Victoria,
identiﬁed a range of issues with both the approach used
and the PAV estimates proposed, although it was acknowledged that it provided a starting point for implementing
groundwater-management plans around Victoria.
A number of over-arching groundwater-management
considerations were also identiﬁed. These included such
things as aquifer deﬁnition or inclusiveness, adequacy of
GMA boundaries, aquifer storage, groundwater declines,
groundwater quality risks, groundwater monitoring and
interaction with surface-water bodies and the sea. Overall,
the audit identiﬁed that the major deﬁciency was in
geological and hydrogeological information upon which
to base these calculations. This meant only very low
conﬁdence ratings could be applied to the PAV values.
The PAV calculations were based on several different
methods, but primarily relied upon a determination of the
recharge as an analogue for sustainable yield. Many noted
practitioners have demonstrated that this principle is
incorrect (e.g., Theis 1940; Brown 1963; Bredehoeft et
al. 1982; Alley et al. 1999; Sophocleous 2000; Bredehoeft
DOI 10.1007/s10040-011-0757-7

Author's personal copy
1351

2002; Kalf and Woolley 2005). They argue that the size of
the sustainable groundwater development should instead
be based upon how much groundwater can be safely
captured by the development. As such, this ‘safe capture’
is not dependent on recharge, but rather on how the
aquifer system responds to the development, how long it
takes and where the impacts occur (Bredehoeft 2002). It is
therefore important to closely monitor and model the
aquifer’s response to development and manage the
resource in a more ﬂexible manner in tune with the
aquifer dynamics. Development can and does in many
cases safely exceed average annual recharge by virtue of
large aquifer storages, disconnection from streams and a
combination of aquifer characteristics and strategic bore
development that helps to minimise detrimental impacts
on the environment and groundwater resources.
The amount of groundwater that can be safely
captured, or intercepted, in terms of aquifer and environmental sustainability is inﬂuenced by a number of factors
to do with aquifer extent, storage and other hydraulic
properties. This amount may vary from year to year with
climate and the dynamic status of the groundwater system.
Although it is considered that ‘safe capture’ should be the
key concept upon which to ultimately base groundwater
management, it is recognised that a whole-of-aquifersystem water balance is an essential component in understanding sustainable groundwater resource use and the
development of a management strategy.
A detailed water-balance analysis that assesses the
major inputs and outputs to the aquifer storage is
necessary not only to gauge the size and annual
volumetric potential of the extractable resource but also
to help understand the nature of the aquifer, its recharge
and discharge processes, its inertia and its connection to
sensitive environmental areas and surface-water resources.
The PAV audit (Reid and Cherry 2004) revealed an
often-incomplete analysis of the water balance, including
a deﬁciency in accounting for hydraulic connection to
streams and estimates of through-ﬂow. Most of the
attempted through-ﬂow analyses were incomplete in that
they did not account for all ﬂow into, or in some cases
even within, the GMA aquifer system. These deﬁciencies
underscored the need to build, as complete as possible,
renditions of the available geological data for each area
upon which the hydrogeological conceptual model can be
based. It is against this background that the need for a
more complete and reliable method for estimating the
groundwater resources of an area was realised.
In some parts of the state, local opposition and challenge
to the PAVs occurred, with signiﬁcant criticism being levelled
at the technical veracity of the approach employed. After
further independent technical analysis, one groundwater
management area was successful in gaining an increase of
7,000 million litres (ML)/year in the PAV, whereupon a
subsequent auction of the increased volume was held.
While the process set in motion by the initial PAV
estimation approach was a successful catalyst for establishing groundwater resource-management plans, there has
since been little improvement in the ability to deﬁne or
Hydrogeology Journal (2011) 19: 1349–1365

estimate the permissible yield, or as it is termed in Victoria
now, the Permissible Consumptive Volume (PCV). It is
with this in mind that 3D hydrogeology methods have
been developed and tested in the Spring Hill area.

Study area
The Spring Hill Groundwater Supply Protection Area
(GSPA) is 253 km2 in area and lies at the southern end of
the Loddon River catchment in central Victoria, Australia.
Figure 1 shows its location in relation to the nearest large
town of Creswick, the State of Victoria and the Australian
continent.

Geology
The geology of the study area comprises an uplifted and
dissected Palaeozoic bedrock landscape with the palaeovalleys in-ﬁlled with Tertiary-aged sediments overlain or
interrupted by a thick sequence of Neogene-aged basalt
ﬂows and volcanic eruption points. Figure 2 shows the
geology of the study area, with a number of other features
also shown such as the observation bore locations (red
stars), the four water trading zones within the groundwater
management plan area (delineated by the green lines) and
the cross section A–A’ (pink line).
In more detail, the geology of the study area comprises
folded Ordovician age (435–500 million years, Ma)
sediments comprising thinly bedded shale and sandstone
units that underlie most of the study area (Douglas and
Ferguson 1988). These low-grade meta-sedimentary rocks
form a poorly transmissive, fractured rock aquifer from
which only very small yields can be obtained for stock
and domestic purposes. Water salinity is also generally too
high for most uses and drilling data nearly always identify
a meter or more of clay immediately above bedrock.
Evidence indicates that the aquifer has only a minor
overall inﬂuence on the groundwater in the overlying
volcanic sequence and essentially forms the basal conﬁning layer of the GSPA groundwater system.
Major orogeny occurred during the Devonian period
(345–395 Ma) in the vicinity of the study area, resulting in
formation of gold-bearing quartz veins, locally known as
“reefs”. Subsequent erosion during the Oligocene–Pliocene period (26–2 Ma) produced gold-bearing alluvial
deposits that in-ﬁlled the palaeo-valleys of the upper
Loddon River catchment.
A period of volcanism from around 2 million years to
less than 30,000 years ago ﬁlled the valleys and covered
these alluvial deposits. These deposits of gravel, sand, silt,
clay and minor lignite along the valleys were extensively
mined for alluvial gold during the 1850s to 1900, where
they outcrop in the Creswick area. The deposits were
followed under the basalt by the early miners, who coined
the term ‘deep leads’ for them. At least 15 eruption points
formed small cones in and adjacent to the study area.
Scoria, ash and tuff deposits formed in the vicinity of
cones, and weathering periods between eruptions are
DOI 10.1007/s10040-011-0757-7
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Fig. 1 The Spring Hill Groundwater Supply Protection Area in the state of Victoria, Australia, which lies on the southern margin of the
Murray-Darling Basin watershed

identiﬁed as clay layers between basalt ﬂows in many
drilling logs. The basalt sequence is up to 100 m thick
over the palaeo-valley and the volcanic cones are up to
200 m above the present valley (DME 1983). The
volcanic materials form the major aquifer of the study
area. Well developed and productive soils cover the
basalts, especially around the volcanic cones, where the
dominant crop is potatoes.

Drilling data
Gold mining commenced in the 1850s, with initial surface
working of regolith and alluvial deposits proceeding to
deeper reef mining and deep lead mines until the turn of
the century. Speciﬁcally in the study area, extensive boring
(or drilling) through the basalt to locate the deep lead
deposits was well documented and of great value in
building the 3D geology data set for this study. These
historical records, often overlooked in groundwater
studies, provide a greater density of bore data than would
otherwise be available if the area had not had the gold
mineral wealth. While 720 bores have been recorded in
the study area, only 200 mining bores and 20 more recent
groundwater bores were greater than 50 m deep and had
Hydrogeology Journal (2011) 19: 1349–1365

adequate records suitable for building the 3D geology
model of the study area. This equates to a bore density of
approximately two bores per square kilometre.

Groundwater-resource development in the Spring Hill
area
Expansion of farming followed the decline of gold mining
and forest clearing in the district in the 1880s. Potato
cropping became a local specialisation due to the presence
of suitable soils on the volcanic parent material. Water
boring and irrigation-pump-technology developments
after the Second World War enabled groundwater to be
obtained in sufﬁcient volumes for irrigation use and this
enabled the area to become a signiﬁcant potato farming
area (LCC 1980).
During the late 1990s, groundwater development had
reached sufﬁcient levels to start causing localised seasonal
declines in groundwater depth (Fig. 3). Part of this development included development of bores for urban supply,
Fig. 2 Map of the study area, showing surface geology, place
names, cross section A–A’, the Spring Hill Groundwater Supply
Protection Area (GSPA) boundary and the four named zones within
the GSPA
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The study area is at the uppermost end of the Loddon
River catchment, which drains northwards into the Murray
River. The highest elevations in the area are volcanic
cones with elevations ranging from 650 to 700 m above
Australian Height Datum (AHD). The land slopes gently
to the north, with the north-west corner being about 380 m
above AHD. Figure 4 shows annual rainfall variability
since 1889, the long-term mean rainfall of 575 mm/year
and cumulative deviation from the mean. The latter shows
a rising trend from 1946 to 1997, and a steeply falling
trend since.

Annual rainfall
Cummulative departure from mean

1200

1000

1000

500

800

0
600
-500
400

-1000

2009

0
2001

-2000
1993

200

1977

-1500

Annual rainfall (mm)

Long-term mean rainfall (1889-2009)

1500

1985

Existing groundwater resource estimates in the Spring
Hill area
The permissible annual volume adopted by government
for the Spring Hill Groundwater Management Plan was
calculated using the methods described in DNRE (1996).
In this case, it was primarily based upon an estimate of the
potential annual recharge over the whole area, as a
percentage of rainfall. It assumed 7% of the average
annual rainfall of 625 mm recharged the aquifer over the
volcanic cone areas and 2% of rainfall over the plains
areas. Over the total area of 253 km2, this equated to
5,139 ML/year. An alternative estimate, using a hydrograph ﬂuctuation method, gave an annual estimate of
10,140 ML/year. An estimate of the total aquifer storage
was also made. It assumed an average aquifer thickness of
20 m and a porosity of 5% for the whole of the 253 km2
area, giving a volume of 253,500 ML.

Topography and rainfall

1969

especially because of reduced surface-water reliability in the
recent decade. This has resulted in some tension between
irrigation and urban use and puts increased pressure on the
water authorities to deﬁne sustainable development.
In the study area, the State Minister responsible for
water legislation established a locally based consultative
committee in 1999. This committee, in consultation with
the responsible water authority, prepared a groundwater
management plan for the Spring Hill Groundwater Supply
Protection Area (GMW 2001). Although there was no
evidence of severe stress on the groundwater resources of
the area in total, it was recognised that some parts would
be stressed if all existing water licenses were fully utilised
on a regular basis. There was limited monitoring of the
aquifer up until then, so priority was given to establishing
a monitoring program. No new licenses were issued,
temporary trading rules were established, meters were
installed on irrigation bores and small volume bores
required registration under the plan.
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Fig. 3 Time series plot of rest groundwater levels (RWL) above
the Australian height datum (AHD) for four observation bores in the
Spring Hill area. Note that only bore B116382 is continuing to
decline, whereas the other three appear reasonably stable over the
last 3 years. Data sourced from the Victorian Water data warehouse
(DSE 2011)
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The current groundwater situation
The majority of active groundwater usage occurs on the
slopes around Spring and Forest Hills (the two scoria
cones in the Forest Hill Zone, see Fig. 2). These are where
the most suitable soils for cultivation and low salinity,
high yielding aquifer locations coincide. Groundwater
behaviour in the study area is variable. The greatest
decline in groundwater level coincides with the area of
greatest groundwater extraction intensity. Groundwater
levels in some areas recover to pre-pumping levels
following winter while some areas are showing long-term
decline (Fig. 3). Notable among the areas that recover is
the Blampied Zone, whereas the central area around
Spring Hill and Forest Hill shows the greatest fall in
level. The Forest Hill Zone has the greatest licence
entitlement with a total of 2,887 ML/year–more than
double that of Blampied Zone (1,130 ML/year) which is
the next largest zone by licence entitlement. In the 2008/
09 season, reduced allocations of 50 and 80% were
imposed on the two zones by the groundwater management plan in response to the falling groundwater levels.
All licensed bores now have ﬂow meters installed,
enabling accurate usage ﬁgures to be recorded. Total
usage from the 75 metered bores for 2008/2009 season
was 2,041 ML, which is 63% of the restricted licensed
entitlement in the area (GMW 2009).
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Fig. 4 The annual rainfall and cumulative deviation from mean
annual rainfall for the Spring Hill area. Data Sourced from SILO,
Enhanced Meteorological data, Creswick station (SILO 2009)
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3D geological model development
This research has been undertaken using ArcGIS (ESRI)
and the GOCAD suite, a software product of Paradigm
Geophysical Pty Ltd. GOCAD is a software solution
developed speciﬁcally by the petroleum industry to allow
geoscientists to construct 3D models of the subsurface
from a range of available data sets.
To develop the 3D geological model for the Spring Hill
area, detailed surface-geology geographic information
system (GIS) polygon layers, bore logs, digital elevation
model of the surface topography and geophysical data
were collated. Bore logs were closely examined for
accuracy and detail to help understand the stratigraphy,
then interpretations were added to the logs to mark
speciﬁc and important horizons. Logs were omitted if
they (1) had spurious data, (2) were poorly or incorrectly
recorded, or (3) were too shallow or simply not useful in
adding to the geological knowledge base. This left 220
bores for use in constructing the sub-basaltic surfaces in
the 3D model. As this was a pilot study, simplistic raster
modelling was undertaken using the Inverse Distance
Weighting interpolation tool in ArcGIS 9.2. To keep
processing straightforward, the default options were
accepted; however, a cell size of 200 × 200 m was chosen
to smooth the variable density of boreholes. This was then
exported to ASCII format, which was then read directly
into GOCAD. While GOCAD provides many tools to
model such surfaces and volumes (e.g. DSI), the research
team’s limited experience in this software restricted its use
to simpler tasks.
Surfaces were corrected for cross-overs and anomalies,
and modiﬁed if other data (e.g. the surface geology or
geophysics) suggested another interpretation was more
likely. Once the surface topography, bedrock palaeotopography and any intervening layers were constructed,
GOCAD modelling tools were used to construct voxel
models (3D blocks) of the respective elements (geological
units or aquifers). The volume and cross-sectional area of
these units were then calculated using tools in GOCAD,
upon which calculations of the groundwater resource were
carried out. These shapes were also able to be used for
visualisation purposes, for example, they can be coloured
according to groundwater salinity (Fig. 5b) or cut by water
tables (Fig. 6) or structural controls.

Fig. 5 A stack of 3D block diagrams beneath a geology draped
over a digital elevation model (DEM) surface, viewed from the
south-west corner of the study area. a Surface topography with
mapped geological units; see legend on Fig. 2. Vertical exaggeration
of DEM is 10 times. b Voxet model of whole area, showing
groundwater salinity in the basalt aquifer (bedrock shown in
purple); yellow, total dissolved solids (TDS), where 1,000 < TDS
<3,500 mg/L; pale blue, 500 < TDS < 1,000 mg/L; darker blue,
TDS < 500 mg/L. Salinity segments from EPA 1997. c Voxet model
of bedrock (basalt removed) with the water table shown. The colour
gradation represents the change in water level for the period 2000–
2010 (blue, no change; orange, up to 20 m fall). The GOCADcalculated volume difference between the two water tables is
0.37189 km3

The boundaries of the area are the catchment divide
around the south-east perimeter and the bedrock hills on
the east and south. No signiﬁcant groundwater ﬂow is
likely across the southern and eastern boundaries due to
the low permeability of the bedrock and lack of pressure

Hydrogeology conceptual-model development
The size and shape of the aquifers within the bedrock
palaeo-valleys can be visualised easily in GOCAD,
especially using appropriate vertical exaggeration. This
shows that the main aquifer unit comprises the volcanic
eruption points (or scoria cones) and the extensive basalts
that inﬁll the bedrock valleys and gently slope towards the
north-west corner (Fig. 6). Note that this image is a voxet
(a regular 3D grid constructed from voxels) of the main
basalt aquifer, enabling the volume to be calculated in the
3D software.
Hydrogeology Journal (2011) 19: 1349–1365

Fig. 6 Voxet representation of the basalt aquifer (orange) with
intersecting groundwater surface (blue). (10 times vertical exaggeration)
DOI 10.1007/s10040-011-0757-7
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gradient across the catchment divide. The basalt aquifer is
largely unconﬁned and assumed to be so for groundwater
storage calculations, but semi-conﬁned conditions occur in
some places due to the presence of palaeosols, often
logged as clay layers between basalts, as well as due to
contrasts between more fractured, vesicular basalt ﬂows
and more dense layers. However, no attempt to portray
such features has been made at this stage, given that the
objective is to assess the total groundwater resource in the
study area, not investigate local-scale behaviour.
The underlying Tertiary gravels, or ‘deep leads’, form a
dendritic system beneath the basalt, but are limited in
extent. This hydrogeological unit outcrops near the
margins of the basalt, where it was mined for alluvial
gold (Neogene Shepparton formation, Fig. 2). As it
plunges below the basalt, it becomes saturated, and
depending upon the occurrence of clay layers associated
with the volcanics or with pre-basaltic alluvial conditions,
it varies from unconﬁned to semi-conﬁned conditions
(Beatty 2003; Fawcett et al. 2006). To the north west of
the study area, it joins with similar deposits emanating
from similar basalt covered palaeo-valleys to the west. Its
hydraulic conductivity is known to be signiﬁcantly higher
than the basalt aquifer and it is likely to be draining water
from the overlying basalts and transporting it from the
study area. However, mining records indicate it is
typically conﬁned to narrow trenches and is semicontinuous due to disruption by fault movement since
deposition (Hunter 1909; Holdgate et al. 2006). While
there is little mining or drilling data on the Kingston to
Smeaton area to conﬁrm its presence or absence,
continuations of the Bullarook, Smeaton Reserve and unnamed lead parallel to Birch Creek are inferred (DME
1983). Drilling completed in 2009 about 4 km to the south
of the cross section intersected approximately 30 m of
alluvial materials beneath the basalt. The implications for
the hydrogeological conceptual model are signiﬁcant, with
its assumed presence or absence being a signiﬁcant source
of uncertainty for the model estimates.
Given the topography and the structure of the bedrock
and younger aquifers, there is interpreted to be little
opportunity for signiﬁcant movement of groundwater across
any of the study area boundaries except for the north-west
corner. The small area of basalt on the northeast boundary is
largely isolated by a bedrock divide from the main aquifer
and is excluded from the calculations.
As the basalt aquifer in the Spring Hill area forms the
uppermost end of a groundwater ﬂow system, there is a
continuous natural loss of groundwater occurring all year
round. This loss is controlled by the ﬂow rate through the
aquifer, and an estimate of this can be more readily made
where the bedrock structure conﬁnes the basalt, as in
cross-section A–A’ (Fig. 7).
Recharge in excess of the ﬂow losses from the study
area will cause a rising groundwater level in the upper
reaches of the basalt aquifer. When recharge (rainfall)
declines, the water level in the aquifer up gradient of
cross-section A–A’ is likely to fall at a rate controlled by
the ﬂow rate through the cross section and upstream baseHydrogeology Journal (2011) 19: 1349–1365

Fig. 7 Cross section A–A’. Bedrock (lavender), deep lead (green)
and basalt (orange) proﬁle with 2010 groundwater level. See Fig. 2
for cross-section location. The basalt aquifer cross-sectional area
below the water table is 79,200 m2. The presence of the Tertiary
gravels aquifer under the basalt is assumed from mining records that
surmise two ‘leads’ either side of the centre of the cross sections
(DME 1983). It is estimated to have a cross-sectional area of 12,000
m2 in this location

ﬂow losses to Birch Creek. This conceptual understanding
of the groundwater ﬂow system suggests that the key
needs are to quantify the ﬂux of water leaving the area
through this bedrock structural restriction (cross section
A–A’), base ﬂow, and the amount of recharge. This then
allows comparison of the relative contribution of pumping
on groundwater levels, therefore informing permissible
groundwater consumption.

Estimating groundwater resources from 3D
geology
On the basis of the 3D geological mapping of the study
area, estimates of the groundwater resources have been
made. The estimates include:
1. A calculation of the aquifer volumes and the maximum
possible volumes of groundwater resource in the area,
based upon estimates of porosity
2. Annual recharge amounts based upon the outcrop
areas, rainfall data and hydrographs
3. Flow of groundwater leaving the area via the basalt and
deep lead aquifers
4. Loss of groundwater, as base ﬂow, to the main drainage
line (Birch Creek)
Aquifer volumes and cross-sectional areas derived
from the 3D software were combined with groundwater
gradients and estimates of aquifer properties using
fundamental hydrogeological principles (e.g. Fetter 1988)
using an Excel spreadsheet to build a comprehensive
understanding of the likely volumes of groundwater in the
study area. The aforementioned four groundwater volume
estimates are considered to be the key elements that
govern the behaviour of the groundwater resource of the
Spring Hill area. The initial water volume and ﬂuxes
calculated from the 3D data were reﬁned using a spreadsheet-based mass-balance model. The annual extractions
can then be seen in the context of the annual recharge and
natural loss estimates from the aquifer system.

An estimate of the total groundwater resource
In order to establish the total size of the groundwater
resource (R), volumetric calculations of the two main
DOI 10.1007/s10040-011-0757-7
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hydrogeological units in the study area (the volcanic and
the underlying Tertiary sedimentary aquifers, V) were
obtained from GOCAD. These were then multiplied by
estimates of effective porosity (or speciﬁc yield, S) to give
estimates of the total groundwater volume using the
simple equation R ¼ V  S.
The value used for speciﬁc yield of basalt is a major
determinant of this potential maximum volume. References to basaltic and volcanic aquifer hydraulic parameters in the literature highlight a wide range of possible
values. Fetter (1988) quotes Schoeller (1962) as reporting
basalt generally ranging from 1 to 12%, with cooling
fractures, collapse rubble and gas vesicles contributing to
the wide range. Pyroclastic materials such as pumice,
scoria and ash can have much higher porosities, but would
most likely be found only in and around the eruption
points. Other papers (Saha and Agrawal 2005) report a
similarly wide range for Deccan Trap basalt in India of 0.1
to 1% for massive basalt and 5–11% for vesicular basalts.
A deep road cutting through basalt near Smeaton shows
solid basalt ﬂows with a low gas content and small
numbers of unevenly distributed fractures (Fig. 8). The
majority of the water capacity in the whole of the basalt
aquifer volume is likely to be in fractures, cooling joints
and interﬂow features and so a lower porosity is
considered more likely. Given the inhomogeneous nature
of volcanic aquifers, selecting parameters for large scale
calculations provides a signiﬁcant source of uncertainty.
From GOCAD, the total volume of volcanic aquifer in
the central area above cross section A–A’ was determined
to be 7.75 km3, with the saturated volume below the
Spring 2007 water table being 4.63 km3. Assuming an

average effective porosity of 2% results in a groundwater
volume of 4:63  0:02 ¼ 0:0926 km3 , or 92,580 ML. The
volume of the underlying deep lead, or sub-basaltic
Tertiary age alluvial aquifer was calculated as 0.689 km3.
Assuming a conservative effective porosity of 10% gives a
contained water volume of 0.0689 km3, or 69,000 ML,
totalling nearly 162,000 ML.

Annual recharge estimates
The original PAV recharge estimate was calculated using
the whole area of 253 km2, but the surface area of basalt
in the Spring Hill area totals only 147 km2, considerably
less than the total Spring Hill Groundwater Management
area. Recalculating for the basalt area only, using the same
percentage rainfall amounts as the original PAV estimate
did (2% of rainfall for the plains areas and 7% of rainfall
on the 3% of area that is the volcanic cones), gives a total
annual recharge of 2,100 ML/year. However, this ﬂat rate
of recharge used for the PAV estimate appears to be too low
and does not take into account the seasonal and annual
rainfall variability, which is substantial (Fig. 4). Based
upon the method described in Healy and Cook (2002) for
fractured rock recharge, a threshold-based analysis of
daily rainfall and evaporation records with correlation to
local groundwater hydrograph response has been used to
estimate annual recharge amounts. Recharge usually
occurs between May and September each year, when
winter rainfall predominates and evapotranspiration rates
are low. Based upon 1975–2009 climate data, the analysis
indicates that annual recharge ranged from 8 mm in very
dry years (1982) to as much as 120 mm in the wettest
years (1981). Annual recharge estimates for the 107 km2
surface area of basalt aquifer up gradient from cross
section A–A’ provides a bar graph of total annual recharge
(Fig. 9).
The 35-year-average-annual recharge is 6,680 ML/year,
while the reduced rainfall of the recent decade gives an
average that is approximately one third lower at 4,960
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Fig. 8 Basalt exposed in a road cutting just south of Smeaton,
showing a range of fracture densities. Each view is approximately 3
m high
Hydrogeology Journal (2011) 19: 1349–1365

Fig. 9 Annual recharge estimates to the basalt aquifer for 1975–
2008 calculated from rainfall-evaporation surpluses (as mm effective rainfall) multiplied by the (107 km2) basalt aquifer surface area
up gradient from the cross section. Note the extreme variability in
potential recharge by comparing the wet winter in 1981 with the
following very dry year and the lower average recharge since 2001
DOI 10.1007/s10040-011-0757-7
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ML/year (1997–2008). While the averages are similar to
the PAV estimate, the annual estimates have the advantage
of reﬂecting the dynamics of the past 35 years of rainfall
variability and hence show more realistically the impact of
climate variability on the groundwater resource.

gradient of 0.016 gives an annual ﬂow rate of
79; 000  4  0:016 ¼ 5056 m3 =day, or 1,845 ML/year
through the basalt. Assuming a hydraulic conductivity of
15 m/day and a hydraulic gradient of 0.016 through an
estimated 12,000 m2 of Tertiary aquifer gives a ﬂow of
2,950 m3/day, or 1,078 ML/year.

Groundwater leaving the area (outflow)
The Spring Hill area lies at the top of the Loddon
catchment with its southern boundary lying along the
catchment divide. The geology, landscape and hydraulic
gradients govern movement of groundwater in the area.
Estimation of the groundwater balance requires calculation of the amount of water leaving via the basalt and deep
lead aquifers as outﬂow, via the major streams as base
ﬂow, and via extraction wells.
An estimate of groundwater outﬂow from the basalt
and deep lead aquifers can be made at the cross-section
(A–A’, shown in Fig. 7) that is parallel to the water-table
contours (Fig. 10) and lies between the two bedrock highs
at Allendale (A’) and Smeaton (A). GOCAD was used to
calculate the cross-sectional areas of the basalt and the
deep lead aquifers at this section and Darcy’s law applied
to derive ﬂow rates (Fetter, 1988) using Q ¼ Hc  I  A
where Q is the quantity of ﬂow (m3), Hc is the hydraulic
conductivity (m/day), I is the hydraulic gradient and A is
the cross sectional area of the aquifer (m2).
Estimates of hydraulic conductivity (Hc) for calculating
throughﬂow in the relevant aquifers were derived from
earlier work in similar hydrogeological terrain. Firstly, in
regard to the basalt aquifer, Ife (1979) compiled pumping
test results for bores in Pliocene Basalts of South-west
Victoria. Transmissivity values obtained from 17 tests
ranged from 1 to 746 m2/day, with an average of
200 m2/day. Similar transmissivity values are reported
for basalt in Moghaddam and Fijani (2009) of 24–
870 m2/day and Saha and Agrawal (2006) of 10–
700 m2/day. Pumping test results from nine bores in a
volcanic aquifer in or near the study area (B. Cossens,
Goulburn-Murray Water, personal communication, 2011)
list transmissivity values between 30 and 172 m2/day.
Based upon the reported saturated thickness, the
average hydraulic conductivity from these tests is
2.3 m/day. An average hydraulic conductivity for basalt
of 4 m/day is derived based on these references.
Secondly, in regard to the Tertiary alluvial aquifer, two
sites north of Spring Hill are listed as recording hydraulic
conductivities of 130 and 25 m/day (Tickell and
Humphrys 1986). However, as these are derived from
pumping test data from private production bores, they are
considered likely to be higher than the average for the
whole formation thickness, especially given that the
mining and drilling records indicated the presence of
lower permeability materials in the sequence. A hydraulic
conductivity of 15 m/day may be more representative and
was used in the mass balance calculations.
GOCAD calculations of cross-sectional area of the
basalt aquifer in cross-section A–A’ (Fig. 7) is 79,000 m2.
Using a hydraulic conductivity of 4 m/day and a hydraulic
Hydrogeology Journal (2011) 19: 1349–1365

Groundwater discharge to surface
Groundwater loss to Birch Creek is likely, as the creek line
is incised by up to 30 m into the basalt plains and spring
activity is observed along the creek bed. Hydrograph data
from the Smeaton stream gauge on Birch Creek (station
No. 407227, DSE 2011) were analysed to ascertain
possible baseﬂow amounts (Fig. 11). In earlier years (prior
to 1997) baseﬂow appears to be approximately 5 ML/day,
totalling approximately 1,800 ML/year. During 2008 and
2009, ﬂow ceased in February and March, suggesting the
recent decline in groundwater level was sufﬁcient to
reduce baseﬂow to the stream. This is consistent with
many smaller streams in central Victoria that ceased
ﬂowing during the last 10 years. Assuming aquifer
discharge does provide some baseﬂow to sustain the creek
system during summer, it needs to be taken into account
when considering the water budget for the area.

A water budget for Spring Hill

The calculation of groundwater ﬂuxes leaving the Spring
Hill GSPA and calculation of its water budget are
important requirements in understanding the sustainability
of the groundwater resource and, indeed, in testing the
soundness of the conceptual hydrogeological model.
Given the location of the area near a catchment divide
and assuming unconﬁned conditions in the basalt aquifer
(that contains the primary groundwater resource), a natural
decline in groundwater level occurs as water drains from
the higher parts of the aquifer during dry periods. When
irrigation pumping exacerbates the inﬂuence of climate on
the natural drainage, a more signiﬁcant decline in groundwater level is inevitable. Additionally, the volcanic cones
are the highest points in the landscape, so the natural
drainage rate within the cone area is even greater due to
the steeper groundwater gradients.

A simple mass-balance model
A simple spreadsheet-based mass-balance model was built
using the aquifer volumes and ﬂuxes illustrated in Fig. 12
and is shown in Table 1. Run for the period 1975–2009,
the model is instructive in determining volume estimates
for the main Spring Hill aquifer. The model used a total
initial aquifer storage volume of 162,000 ML (basalt and
deep lead), the calculated annual recharge (Fig. 9), annual
losses from the aquifer to the north-west (through cross
section A–A’) of 1,900 ML in the basalt and 1,080 ML in
the deep lead, and a stream ﬂow loss of 2,000 ML/year in
wetter years, declining to 1,500 ML/year in the recent
DOI 10.1007/s10040-011-0757-7
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Fig. 10 Water-table contours for Spring 2007 expressed as metres Australian Height Datum (m AHD). Contour spacing is 10 m and the
surface is derived from 23 bore data points and allowed to a maximum of 2 m below surface away from data points. This surface has been
visualised in GOCAD and is shown in Fig. 6. For base map colour key, please refer to Fig. 2

decade. Groundwater abstraction in the model is based on
metering data for recent years, but was assumed to be
1,000 ML/year prior to 1983 to reﬂect the lower levels of
earlier development. The output of this model is shown as
change in aquifer storage volume in Fig. 13.
The value of this simple model was in being able to
test a range of possible recharge and discharge values to
arrive at the ones given in Fig. 13. For example, the mass
balance model output (Fig. 14) shows an increase in total
volume when lower ﬂuxes of 1,000 ML/year for the basalt
and 750 ML/year for the deep lead are allowed through
cross-section A–A’. This does not accord as well with the
monitoring data. Likewise, the mass balance is strongly
Hydrogeology Journal (2011) 19: 1349–1365

inﬂuenced by the recharge inputs. If a ﬂat 5000 ML per
year recharge rate is used, the model shows a steady
decline in total resource from 160,000 to 115,000 ML,
whereas an average recharge of 6,400 ML/year keeps the
start and ﬁnish volumes the same.
The mass-balance model was further checked by
adjusting the cross-section ﬂuxes until the decrease in
volume from 2000– 2010 approximated the total loss of
storage derived from the difference between the 2000 and
2010 water tables. The volume of water lost from storage
over the 2000–2010 period (illustrated in Fig. 5c) was
estimated to be 14,870 ML. The sum of recharge minus
the sum of system losses (including groundwater pumping
DOI 10.1007/s10040-011-0757-7
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and Birch Creek base ﬂow) for the same period in the
model totals 14,246 ML (using the ﬂuxes shown in
Fig. 13). This comparison gives additional conﬁdence that
the numbers estimated are reasonable, despite the uncertainty inherent in the selection of aquifer parameters and
recharge rates.
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Fig. 11 One year (1995) of stream hydrograph data for Birch
Creek (station No. 407227, Smeaton Stream Gauge, DSE 2011)
plotted with daily rainfall data. Baseﬂow during summer months is
typically 5 ML/day during wetter years

The original appraisal of groundwater resources in the
Spring Hill GSPA in 1998 applied a basic method that
took no account of the detailed geology of the area. This
initial water-resource appraisal (DNRE 1998) was suitable
for the immediate need, which was to determine a volume
of water that deﬁned the ‘safe yield’ for the area in order

Table 1 Simple water-balance model for Spring Hill groundwater resource from 1975 to present (2009). All values in ML (million litres).
The long-term average recharge is 6,667 ML/year, while 1999–2009 was 4,957 ML/year. For the last 10 years, total recharge was 47,978
ML and losses total 62,223 ML, resulting in a deﬁcit of 14,246 ML. In comparison, the volume of aquifer that drained (Fig. 5c, 0.37189
km2) times speciﬁc yield of 0.04 equals 14,875 ML
Year

Starting
volumea

Annual
rechargeb

Tertiary aquifer DS
lossc

Basalt DS
lossc

Estimated
pumpingd

Stream
dischargee

New
volumef

1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

161,537
164,419
162,395
163,526
166,960
169,173
171,740
178,922
173,574
178,259
178,319
178,272
181,715
182,691
185,213
187,293
186,330
188,739
193,659
195,722
193,129
195,801
198,514
197,312
197,055
197,341
198,879
197,314
193,573
192,248
191,063
190,351
186,151
185,222
182,957

8,544
3,638
6,794
9,096
7,875
8,229
12,845
814
10,547
5,922
5,815
9,305
7,138
8,685
8,243
5,199
8,571
11,082
8,226
3,569
8,635
8,975
5,060
6,006
6,548
7,801
4,698
2,721
5,137
4,977
5,451
2,162
5,134
3,797
6,100

1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000

1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650
1,650

1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,500
1,200
1,200
1,200
1,200
1,500
1,500
1,500
1,500
1,500
1,500
1,500
1,500
1,500
1,800
1,800
1,800
1,800
1,800
1,800
2,000
2,000
2,000
2,000
2,200
2,200
2,200
2,100

2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,500
1,500
1,500
1,200
1,200
1,200

164,419
162,395
163,526
166,960
169,173
171,740
178,922
173,574
178,259
178,319
178,272
181,715
182,691
185,213
187,293
186,330
188,739
193,659
195,722
193,129
195,801
198,514
197,312
197,055
197,341
198,879
197,314
193,573
192,248
191,063
190,351
186,152
185,223
182,957
183,095

a

Start of year aquifer volume, 1975 value is the sum of basalt and Tertiary aquifers derived from GOCAD volumes and porosities of 2%
and 10%. In subsequent years, it is the last column value from the previous year
b
Annual recharge to 107 km2 surface area of the basalt aquifer (Fig. 6) multiplied by annual recharge (Fig. 9)
c
Annual ﬂows calculated through cross section A–A’. DS downstream
d
Pumping estimated prior to metering records, which started in 2005
e
Stream discharge estimated from Birch Creek hydrograph data (Fig. 11) decreased due to drought in recent decade
f
End of year volume calculated thus: g ¼ a þ b  ðc þ d þ e þ f Þ. This data shown in Fig. 13; other scenarios in Figs. 14 and 15
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DOI 10.1007/s10040-011-0757-7

Author's personal copy
1361

Recharge
(rain)
Average
6,680 ML/yr

Irrigation
and town
extractions

Outflow from area

Birch Ck 1800 ML/yr

Usage
2100
ML/yr

Basalt aquifer
95,280 ML storage

1900 ML/yr

1080 ML/yr

??

Deep Lead Aquifer
69,000 ML storage

Fig. 12 Estimated groundwater storage and annual average ﬂux volumes for the study area. The outﬂow volumes shown here are those
derived from the mass-balance model (output shown in Fig. 13). They were adjusted from the initial cross section estimates in order to
allow the resource volumes to approximate the observed groundwater levels (Fig. 3)
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quantify the sustainable resources of the aquifer through the
development of a conceptual model of the aquifer that will
provide the framework for future resource management.
Given the interest in Victoria and elsewhere (both nationally
and internationally) to undertake 3D geological mapping for
groundwater management needs, development of methods
and procedures for quantifying storage volumes and ﬂows
through groundwater systems appears to be an area ripe for
investigation.
While a total aquifer storage volume alone may give a
false sense of how much water resource is available (Alley
2007), putting it in context with the critical values of
recharge, groundwater outﬂow rates, surface discharge and
200,000
Storage Volume
190,000

Volume (ML)

180,000
170,000
160,000
150,000

2009

2005

2007

2003

1999

2001

1997

1995

1993

1991

1987

1989

1983

1985

1981

1979

1977

140,000
1975

to precipitate initial management and investigative actions,
and to develop a groundwater-management plan.
This study has taken a fresh look at the process of
deﬁning the groundwater resources and deﬁning what the
sustainable yield should be. The approach developed
utilises 3D geological software and all available geological data to give a higher level of conﬁdence to the
volumetric estimates of groundwater resources in the area.
The aquifer volumes calculated from the 3D model are
physically based and provide a sound baseline from which
to gain a better appreciation of the actual size of the
groundwater resource. Nury et al. (2010) used ArcGIS and
GOCAD to explore the geometry and settings of the
Eastern View aquifer system in the Barwon Downs area of
Victoria. They presented visualisations of the geology
with calculations of water volume in the main aquifer
based upon the calculated formation volumes. While they
did not use the method to directly consider sustainable
groundwater usage (instead focussing on improving
understanding of surface-water interactions), their work
did suggest the 3D geology-derived volumetric-based
calculations of water availability would be valuable in
considerations about usage of the resource.
Other 3D mapping case studies in the literature that
address groundwater needs include Artimo et al. (2003), Ross
et al. (2005), MacCormack et al. (2005) and Wycisk et al.
(2009). These studies have developed a range of sophisticated
3D mapping approaches and products. They have not directly
addressed groundwater usage for resource sustainability
needs, instead focussing mostly on the potential use of the
3D mapping for consideration of groundwater contamination
protection or remediation (e.g. MacCormack et al. 2005.
Kessler et al. (2010) indicate that their mapping work is
intended to be used by the responsible water authority to

Year

Fig. 13 Spring Hill groundwater resource—a simple mass balance
model of annual residual volume based upon numbers shown in Fig.
12. Assuming a starting volume of 180,000 ML (basalt and deep
lead), the estimated recharge rates and losses produce a steady rise
in storage volume up until 1995, with a decline since. The
spreadsheet model that produced this plot is shown in Table
DOI 10.1007/s10040-011-0757-7
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170,000

Storage Volume

160,000
150,000
140,000
130,000
120,000
110,000
100,000
90,000
80,000
70,000

2009

2007

2005

2003

1999

2001

1997

60,000
1995

pumping volumes in a mass balance model gives a much
better indication of the dynamics of the resource.
Sophocleous (1997) discusses how the construct of ‘safe
yield’ is a ﬂawed concept if it is equated only with the
amount of recharge, and with the expectation that it
provides a single product exploitation goal that deﬁnes the
volume of water that can be exploited every year without
destroying the resource base. Maimone (2004) recognised
that explicitly deﬁning sustainable yield is becoming more
commonplace, but that the true complexity of the concept
of sustainable yield is usually avoided and consensus on a
ﬁrm number is unlikely to ever be reached. He then goes
on to suggest that discussion of this is a critical need, and
an explicit process of bounding the problem, analysing
tradeoffs and interacting with stakeholders is a better way
of developing a workable deﬁnition of sustainable yield.
The physical and mass balance models developed in this
study help identify these other important components of the
water balance, hence it allows the actual pumping to be seen
in context of the total resource base. The 3D-based methods
tested in this study provide tools that can more explicitly
measure and visualise the groundwater systems in an area.
The uncertainties can be readily demonstrated and tradeoffs
can be simply modelled. Interacting with stakeholders is
aided through the use of visualisations. The simple waterbalance model approach can also play a major role in the
development of adaptive groundwater management planning by allowing stakeholders to explore the limits and
dynamics of the system. In this way, many of the needs
identiﬁed by Maimone (2004) can be addressed.

1993

Year

Fig. 14 Spring Hill groundwater resource—a simple mass balance
model run with lower cross section A–A’ ﬂows of 1,000 ML/year
and 750 ML/year through the basalt and deep lead aquifers,
respectively. Here, the model output suggests these ﬂuxes are too
low for the chosen recharge rates, as a 50,000 ML increase in total
resource since 1975 does not seem plausible, nor does the small
decline in resource since 2000 accord with the observed declines in
groundwater levels (Fig. 3)

1991

2009

2005

2007

2003
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2001

1997

1995

1993

1991

1989

1987

1985

1983

1981

1979

1977

1975

140,000

1987

150,000

1989

160,000

1985

170,000

1983

180,000

1981

190,000

1979

200,000

1975

Volume (ML)

210,000

entitlement volume of 4,900 ML/year. The annual permissible consumptive volume (PCV) allowed under the
groundwater management plan is 5,130 ML. Under the
lower recharge conditions of the past 10 years, groundwater levels have declined by up to 20 m in the more
intensively pumped, higher landscape positions. This has
been a direct result of the combination of pumping and the
natural groundwater ﬂux draining from the more elevated
parts of the aquifer. The modelling suggests that during
wetter years, there is sufﬁcient groundwater to allow
pumping up to 2,500 ML/year, but running the model at
the total licensed volume of 4,900 ML/year for the
35 years shows a severe decline in total groundwater
resource from 160,000 to 64,000 ML (see Fig. 15).
Allowance for ﬂows through cross-section A–A’ and base
ﬂow to Birch Creek needs to be allowed for; therefore, a
PCV of 5,130 ML is too high. Sustainable development is
also highly dependent upon future climate and the
likelihood of rainfall being sufﬁcient to maintain recharge
at the current long-term average level.
In respect to the concepts of ‘safe yield’ and ‘safe
capture’ (Bredehoeft 2002), for Spring Hill groundwater
users, the relatively small volume of their basalt aquifer
‘reservoir’ means there is insufﬁcient capacity to allow
pumping to exceed annual recharge for more than a few
years at a time. Future management, therefore, needs to
continue to respond to groundwater level and rainfall data,
and appropriately restrict groundwater usage during dry
years.
The current metered groundwater usage in the Spring
Hill GSPA is about 50% of the total natural ﬂux estimated
in the model, so consideration of the sustainability of the
current usage can be made based on the understanding of
the groundwater resource developed in this study. It
appears that the Spring Hill groundwater system is
controlled by two key factors. The ﬁrst is the signiﬁcance
of the natural drainage of groundwater away from the
elevated, high recharge parts of the system. The second is
the constriction at cross-section A–A’ (Figs. 2 and 7) that

1977

Storage Volume
220,000

Volume (ML)

230,000

Year

Implications for groundwater management
in the study area
The current metered groundwater usage in the Spring Hill
area is 2,100 ML/year out of a maximum licensed
Hydrogeology Journal (2011) 19: 1349–1365

Fig. 15 Spring Hill groundwater resource—a simple mass-balance
model output with 4,900 ML/year total pumping rate over 35 years.
In reality, the rate of decline is likely to reduce as the gradients
driving the natural losses decline and pumping becomes less
efﬁcient as wells fail due to continued declining groundwater levels
DOI 10.1007/s10040-011-0757-7
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limits the ﬂow of water out of the aquifer. The numbers
estimated in the analysis suggest that the current rate of
irrigation and urban use is sustainable, provided recharge
rates do not continue at the average of the last decade, or
decline further. It is also apparent that the most elevated
parts of the aquifer are most at risk due to the combination
of pumping and natural drainage if recharge rates remain
low.

Conclusions
The methods developed in this study signiﬁcantly improve
groundwater-resource assessments by reducing uncertainty about the physical dimensions and conﬁguration
of the aquifers systems. They also improve the ability to
conceptualise the aquifer system and identify key features.
Three-dimensional geology software such as GOCAD
allows reliable and repeatable calculation of aquifer
volumes, cross-sectional areas, aquifer surface areas, and
volumes of drawdown. The ability to visualise the aquifer
system and build a physically based, simple mass-balance
model makes the analysis more transparent and open to
challenge, modiﬁcation and reﬁnement than traditional
groundwater resource assessments.
Limitations such as the uneven and low density of data
and the uncertainty of hydrogeological parameters used to
calculate groundwater volume, ﬂows and recharge are
acknowledged, but exist whatever approach is taken. The
main advantage of the 3D-modelling methods applied in
this study is that construction of a high quality, dimensionally sound virtual model of the hydrogeology of the
Spring Hill study area allows more accurate resource
estimates to be made from the available data than has been
possible in the past. The generated visualisations and
groundwater volumes show that much more can be
learned from the available geological information than
has been achieved previously. As new data is gathered, or
parameters are revised, the ready ability to evolve the
model without having to redo fundamental mapping will
be a great time saving in the future.
For groundwater managers and resource users, the
methods used in this study offer a considerable advance
on resource-estimation methods previously available. As
more groundwater systems become mapped in coming
years, and as improved rigor in assessing water resources
is increasingly sought due to dry conditions and increasing
competition for the resource, the methods provide a more
rigorous and transparent approach to deﬁning sustainable
development. While the inputs to simple mass-balance
models tend to have large ranges and uncertainties, putting
all the estimates together in the model and relating the
output to the observed situation (in the case of the Spring
Hill GSPA, the measured water-table decline of the past
10 years) allows the groundwater system to be conceptualised, simulated and tested. Overall, the estimated
volumes and annual changes seem reasonable and accord
with the seasonal recharge and natural losses from the
aquifer.
Hydrogeology Journal (2011) 19: 1349–1365

Despite some recognised data shortfalls, the 3D geological modelling approach and mass-balance modelling
makes better use of the available data to quantify the
groundwater resource in the area in a transparent and
repeatable way. A range of parameters can be used in the
model to test the validity of key assumptions and give
conﬁdence to the results. The method has also generated a
legacy of digital, 3D geological and hydrogeological data
that can be stored in the public data library to be available
for subsequent users and updating.
The study has developed and tested new combinations
of methods that go some way to addressing issues
identiﬁed in Bredehoeft and Durbin (2009) around
groundwater development impacts and sustainability.
They note, in their discussion of uncertainty associated
with predictive models, that no one argues that model
predictions are not useful, provided they are used in full
awareness of the difﬁculties and resulting uncertainties.
The results presented here recognise the signiﬁcant
uncertainty associated with predicting groundwater quantities. However, by mapping the physical dimensions and
conﬁguration of the aquifer system of interest, a signiﬁcant amount of the conceptual and mass-balance model
uncertainty has been reduced. Further work to explore the
potential beneﬁts of 3D hydrogeology methods will
include testing the methods on some larger groundwater
ﬂow systems. This will be challenging, especially where
such systems are not conﬁned to a single basin.
For the Spring Hill area itself, and the regionally
signiﬁcant potato industry that is reliant upon its groundwater resource, the study results support the current limits
on usage as being necessary under the prevailing reduced
recharge period. Continued adaptive management and
seasonal restriction on usage will remain necessary unless
rainfall signiﬁcantly increases above the average of the
past 10 years.
When working with the groundwater user community
in the ongoing development of their groundwater management plan, the 3D visualisations and quantiﬁcations
provide new means to explain what is known about the
resource. A broader audience will be more easily able to
understand the visualisations of the main aquifers under
recognisable surface features. Information on bedrock
boundaries, salinity constraints and changes in the water
table can also be seen in their proper landscape context.
The key cross-sections, ﬂow directions, hydraulic gradients and their implications on groundwater ﬂow rates
and recharge are readily illustrated.
Most usefully for water-resource management, the
main ﬂuxes of groundwater into and out of the area have
been quantiﬁed, allowing usage to be seen in this context.
This is beneﬁcial in being more open about how the
resource usage compares to the natural (uncontrolled)
system and also supports the case for adaptive groundwater management (Maimone 2004) by providing supporting evidence. In the case of Spring Hill GSPA, the
need to manage impact and equity at the most vulnerable
parts of the aquifer system is evident. It is also evident that
in the area above the ﬂow constriction (cross-section A–A’),
DOI 10.1007/s10040-011-0757-7
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usage has already reached a sustainable level of
development, particularly in the most elevated parts of
the aquifer.
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s u m m a r y
In northern Victoria, farmers are the biggest users of groundwater and therefore the main stakeholders in
plans that seek to sustainably manage the resource. Interviews with 30 irrigation farmers in two study
areas, analysed using qualitative social research methods, showed that the overwhelming majority of
groundwater users agreed with the need for groundwater management and thought that the current
plans had achieved sustainable resource use. The farmers also expressed a strong need for clear technical
explanations for management decisions, in particular easily understood water level data. The social
licence to implement the management plans arose through effective consultation with the community
during plan development. Several additional factors combined to gain acceptance for the plans: good data
on groundwater usage and aquifer levels is available; irrigation farmers had been exposed to usage
restrictions since the late 1990s; an ‘adaptive’ management approach is in use which allowed reﬁnements to be readily incorporated and fortuitously, plan development coincided with the 1998–2009
drought, when declines in groundwater levels reinforced the usefulness of the plans. The imposition of
a nation-wide water use reduction plan in 2012 had relatively little impact in Victoria because of the
early implementation of effective groundwater management plans. However, economic difﬁculties that
reduce groundwater users’ capacity to pay groundwater management charges mean that the future of
the plans in Victoria is not assured. Nevertheless, the high level of trust that exists between Victorian irrigation farmers and the management agencies suggests that the continued use of a consultative approach
will continue to produce workable outcomes. Lessons from the Victorian experience may be difﬁcult to
apply in other areas of groundwater use in Australia and overseas, where there may be a quite different
history of development and culture of groundwater management.
Ó 2014 Elsevier B.V. All rights reserved.

1. Introduction
Groundwater resources play a valuable role in agricultural production; the main user of groundwater in most parts of the world
is agriculture. In the Australian state of Victoria, irrigated agriculture is responsible for over 70% of the state’s groundwater extraction. During the recent period of reduced rainfall and drought from
1998 to 2009, the value of groundwater to many farm enterprises
in Victoria was made abundantly clear when surface water supplies dwindled. However, groundwater extraction caused numerous aquifers to suffer signiﬁcant declines in standing water level,
⇑ Corresponding author at: Department of Environment and Primary Industries,
Ferguson Road, Tatura, Victoria 3616, Australia. Tel.: +61 3 58335 330; fax: +61 3
58335 377.
E-mail addresses: bruce.gill@depi.vic.gov.au, bcgill@students.latrobe.edu.au
(B.C. Gill), john.webb@latrobe.edu.au (J. Webb), roger.wilkinson@depi.vic.gov.au
(R. Wilkinson), don.cherry@depi.vic.gov.au (D. Cherry).
http://dx.doi.org/10.1016/j.jhydrol.2014.04.046
0022-1694/Ó 2014 Elsevier B.V. All rights reserved.

with winter spring recovery levels falling over 10 m in some areas
(G-MW, 2012a). Although the aquifers were not as stressed as
those elsewhere in Australia, e.g. Lockyer and Condamine catchments in Queensland (Baldwin and Ross, 2012; Baldwin et al.,
2012) and some other countries (Foster and Chilton, 2003;
Hoque et al., 2007; Konikow, 2013; Sophocleous, 2010) the
declines were nevertheless large enough to precipitate action,
leading to the introduction of new regulations to manage demand
and respond to community concerns.
In this study, two agricultural areas in Victoria with signiﬁcant
groundwater use (Loddon Highlands and Campaspe Plains; Fig. 1)
were investigated using social research methods to learn from the
main stakeholders, the irrigation farmers, what they know and
understand about the aquifers they depend upon, their thoughts
on the groundwater management plans they are involved with
and their information needs for more effective participation in the
management process. A major goal was to assist groundwater
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Fig. 1. Location of the Loddon Highlands Water Supply Protection Area (containing the earlier Spring Hill Groundwater Supply Protection Area) - lower left; Centre: The
Lower Campaspe Valley Water Supply Protection Area. Inset Map: Location of the study area in Victoria and the Murray-Darling Basin in Australia. Small triangles are
observation bores and the numbered stars are the location of the bore hydrographs in Figs. 2 and 3.

resource managers to better understand the mindset and knowledge needs of the irrigation farmers, to enable more effective communication and help improve the strategic ﬁt of sustainable
groundwater use plans. The study was also able to highlight beneﬁts from the early implementation of these management plans and
ﬂag potential areas of concern that may impact on groundwater
users’ capacity to ﬁnancially support the management plans in
the future.
2. Groundwater resource concepts
There are fundamental differences between surface water and
groundwater; these affect the role that groundwater users play
in water management and they informed the development of the
interview questions in this study. Surface water irrigation supply
systems require costly collection and distribution schemes, generally entirely paid for by governments, to supply even small numbers of users, and it may be difﬁcult to ensure sufﬁcient water
availability because of the vagaries of rainfall and losses due to
evaporation (Schlager, 2006). In contrast, groundwater irrigation
offers ready access for individual users, more reliable year-round
supplies and less vulnerability to droughts because it is not subject
to evaporation (Garrido et al., 2006). Furthermore, groundwater
development is often not subsidised, so that ﬁnancing, operation
and maintenance are paid for by the groundwater users, who
may be highly independent and protected by virtue of owning
the infrastructure on private land (Turrel and Fullager, 2007). However, limited scientiﬁc understanding of cause and effect relationships between the availability and use of groundwater mean that

users may not readily see the impacts of their pumping and may
be reluctant to reduce usage when called upon to do so, especially
if large volumes of water remain in storage. As a result, groundwater can be difﬁcult to govern, particularly if the ﬂow systems are illdeﬁned, and mapping and modelling to overcome data gaps are
expensive.
The intent of any groundwater management plan should be to
ensure that the development and use of groundwater occurs at a
rate that is renewable, so the natural system retains its integrity
for the future, and groundwater resource development must adapt
to the aquifer’s capacity for replenishment (Kretsinger-Grabert and
Narasimhan, 2006).
Different groundwater management approaches have evolved
in different parts of the globe (Kalf and Woolley, 2005;
Steenbergen, 2006; Villholth, 2006; Garrido et al., 2006; Schlager,
2006; Kretsinger-Grabert and Narasimhan, 2006; Lopez-Gunn
and Cortina, 2006) but all seek to impose some form of management and control where increased consumption of groundwater
has caused demand to exceed supply and water levels in aquifers
to decline.
Llamas et al. (2006) highlighted three problems with the management of groundwater resources. Firstly, the concept of groundwater sustainability is not just volumetric: economic, social,
environmental, agricultural, political, and inter- and intra-generational issues must also be considered. The weighting given to these
dimensions is mainly a political decision, and there is no blue-print
applicable to every case. Secondly, Llamas et al. (2006) challenged
the paradigm of the ‘fragility’ of groundwater development,
whereby every groundwater development becomes a ‘tragedy of
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the commons’. They concluded that degradation through collective
over-exploitation is not generally the case. Because groundwater
storage in aquifers is usually 100–1000 times the annual recharge,
it takes one or two generations for adverse effects to appear, while
in the meantime, a positive social transition frequently takes place,
reducing water demands and allowing management systems that
meet community needs to be developed and implemented. Thirdly,
management of intensive groundwater use requires a greater
degree of stakeholder participation than surface water systems,
and without this, it is almost impossible to achieve good groundwater governance. These three problems need to be addressed if
groundwater management is to be effective. They are discussed
again in Section 7.2, where Victoria’s success in addressing them
is considered.
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were denied access or higher costs were levied on users to run
the plans.
In the two areas investigated in this study (Loddon Highlands
and Campaspe Plains, see Fig. 1) the Victorian Government Water
Minister appointed a consultative committee, comprising local
groundwater users and other relevant stakeholders, to draft a
groundwater management plan in 1999. The process was coordinated by the local rural water authority, Goulburn-Murray Water
(G-MW). The overarching aim of the plans was to ‘make sure the
groundwater resources of the protection areas are managed in an
equitable manner and to ensure the long term sustainability of
those resources’ (DNRE, 2001, Appendix 3). The ﬁrst plan in the
Spring Hill area of the Loddon Highlands (Fig. 1) was approved in
2001, and the Campaspe Plains plan was approved in 2003
(DNRE, 2003).

3. Development of Victorian groundwater management plans
3.1. The plans included these key components
The development of the groundwater regulatory environment
in Victoria (Table 1) began in 1969, when it was legislated that
all groundwater bores must be registered and all bores except
domestic and stock wells required a license to take and use water.
These legal requirements were primarily to protect existing users
from drawdown interference, but the rules have meant that
groundwater users in Victoria have been subject to regulations
for some time and have enabled basic user location and entitlement volume data to be gathered across the State. Both these factors helped with the subsequent development and implementation
of groundwater management plans.
Recognising that a trigger was required to ascertain where and
when groundwater management plans were needed, a simple,
rapid, empirical approach was developed by estimating the available groundwater resource through the ‘permissible annual volume’, which was loosely analogous to ‘safe groundwater yield’
(DNRE, 1996). This number was calculated from the available
usage data and the geology and hydrogeology of each groundwater
management area, and used as the basis for setting initial groundwater pumping limits and identifying where total licensed volume
was approaching sustainable levels of development.
The Victorian Water Act (1989) legislated the development of
groundwater management plans through consultative committees
appointed by the government Water Minister, and the ﬁrst plans
commenced in the late 1990s, pre-dating the Australian water
planning policy framework (COAG, 2004). Although there was
some initial opposition, the implementation of groundwater management plans became established for highly developed aquifers
throughout Victoria. However, tensions arose from time to time
between management authorities and the groundwater users, particularly when usage restrictions were implemented, new users

 Establishment of monitoring bores throughout the management areas to capture water level data for both technical and
community education purposes.
 A requirement for all licensed bores (mostly irrigation bores) to
be ﬁtted with ﬂow meters to capture usage data.
 The establishment of a community-based consultative committee to oversee the development of the plan.
 Running of community information meetings, sending information sheets to bore owners, writing press releases, undertaking
user surveys and seeking comment on draft plans.
 Ceasing to issue new licenses for additional allocation of the
groundwater resource.
 Establishment of seasonal allocation restrictions based upon
water levels in the aquifer.
 Establishment of water trading rules and trading zones.
With declining groundwater levels during the dry years 1998–
2009, the need for management over larger parts of the aquifer
systems was recognised. The plans were reviewed in 2010–12 by
new consultative committees comprising mainly groundwater
users (some of whom had served on the earlier consultative committees) and the original plans were replaced by the Loddon Highlands and Lower Campaspe Valley WSPA groundwater
management plans (DSE, 2012a,b).
4. The study areas
The Loddon Highlands form the southern end of the Loddon
River catchment near the topographic divide and slope northwards
into the Murray-Darling Basin from an elevation over 600 m at the

Table 1
History of Victoria’s groundwater management, including the groundwater management plans for the Campaspe Plains and Loddon Highlands.
Year

Groundwater resource management event

1969
1982
1989
1996
1998

State legislation (Water Act) requires registration of groundwater bores and licensing of extraction bores
Signiﬁcant expansion of groundwater use for irrigation due to drought year
Victorian Water Act amended to support development of water management plans
Permissible annual volumes (extraction limits) derived for key aquifers around the state, identifying where usage was reaching or exceeding safe yield
Moratorium on new licenses imposed
Metering of groundwater usage commences with ﬁtting of ﬂow meters to all irrigation bores
First groundwater management plans commenced development with the declaration of groundwater management planning area boundaries and calling for
community consultative committees to guide plan development
Spring Hill Groundwater Supply Protection Area (GSPA) plan approved
Campaspe Deep Lead Groundwater Supply Protection Area plan approved
COAG Australian water planning policy framework
Requirement for community partnerships in developing management plans
Spring Hill GSPA Plan reviewed and re-written into the larger Loddon Highlands Water Supply Protection Area groundwater management plan and
Campaspe Deep Lead GSPA Plan reviewed and re-written as the Lower Campaspe Water Supply Protection Area groundwater management plan

2001
2003
2004
2010–12
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divide to 200 m in the north. The main groundwater resources in
this area are found within Pliocene–Pleistocene basalt lavas and
volcanic cones and to a lesser extent, the underlying Tertiary alluvial, valley-ﬁll aquifer (Calivil Formation). The Campaspe Plains lie
at the northern end of the adjacent catchment to the east (Fig. 1)
and are at elevation ranging from 200 m to 120 m above sea level.
The main aquifer is the Calivil Formation, which lies generally 50–
100 m below the surface and is a more expansive and thicker analogue of the Loddon Highlands Calivil Formation. It is overlain by
the clay-dominated aquitard/aquifer sequence called the Shepparton Formation.
The climate over both study areas has cool winters and hot
summers with generally winter-dominated rainfall, but it is highly
variable from year to year. Average annual rainfall ranges from
over 700 mm/year at the higher elevation south (Loddon Highlands) to less than 400 mm/year at the north of the Campaspe
Plains (Gill et al., 2011).
A review of groundwater modelling in the two study areas
(Cheng et al., 2010) identiﬁed 17 models that had been developed
for a range of purposes since 1991, but as they pre-dated the most
recent management area boundaries, speciﬁc models had to be
developed to provide volumetric assessments of the resource and
simulate responses of the aquifer systems to recharge and extraction. For the Loddon Highlands, a Modﬂow numerical model
(Harbaugh et al., 2000; G-MW, 2011) showed that recharge from
rainfall and irrigation to the largely unconﬁned aquifer is approximately 252 GL/a (gigaliters per annum) under average climate conditions, but reduced to 169 GL/a during the 1998–2009 drought,
causing declining groundwater levels. The dominant loss is via
evapotranspiration, averaging 209 GL/a and declining to 165 GL/a
during drought. Groundwater extraction, which is concentrated
near the southern end of the management area, impacts on levels
only on a local scale. Sustainable yield under average climate conditions is 38 GL/a, but reduces under drier scenarios.
For the Campaspe Plains Groundwater Management Area, a
spreadsheet-based mass balance model (G-MW, 2012b) was used
in preference to a complex numerical model because of the good
conceptual understanding of the aquifer system. It suggests that
rainfall recharge to the conﬁned aquifer through the overlying
Shepparton Formation ranges from 26 GL/a in wet years to only
10 GL/a in very dry years (DSE, 2012b). Sustainable yield is somewhat higher at 56 GL/a, although maximum recorded usage only
reached 36 GL in the drought year of 2007. Groundwater pumping
is the main loss from the aquifer, because groundwater loss at the
downstream end of the aquifer system is very slow due to the ﬂat
hydraulic gradients and there is minimal evapotranspiration loss
or discharge to streams from the conﬁned aquifer.
In the Campaspe Plains and Loddon Highlands Groundwater
Management Areas, 28 GL and 7 GL of groundwater worth
A$14 million and A$3.5 million, respectively, were extracted in
the 2012/13 irrigation season, based upon Australian and Victorian
groundwater valuations for agricultural usage of A$410-500/ML
(Deloitte, 2013; RMCG, 2008). This water was used to irrigate
mainly fodder crops for dairy cattle on the Campaspe Plains and
potatoes in the Loddon Highlands (Table 2).

5. Methodology
The study areas were selected because the groundwater management plans for the Spring Hill area of the Loddon Highlands
and the Campaspe Plains had been implemented in 2001 and
2002, providing an opportunity to interview users who already
had some understanding of groundwater systems and experience
of living under a water resource management plan. The water
management plans for the two areas were being reviewed when

the interviews for this study were conducted, and have since been
updated (DSE, 2012a,b) but this was purely coincidental.
To obtain a wide range of groundwater users and reduce sample
bias, three different sampling methods were used. Initially, several
community members of the consultative committee were asked by
G-MW if they were willing to participate in the study, from which
some initial interviews were conducted. These participants were
then asked to name additional contacts in their area (a snowballing
sampling technique) from which additional contacts and interviews were arranged. Another group of participants was obtained
by approaching groundwater users at two groundwater planning
community information sessions run by G-MW. A list of over 20
potential groundwater users was obtained this way, although not
all these people were available or willing to participate. A ﬁnal
group was obtained by cold-calling people at addresses in the
study areas from the online telephone book. This provided interviewees who were not active as committee members and had
not recently attended groundwater plan community information
sessions, and so were potentially less exposed to the groundwater
management planning process. A total of thirty groundwater users
from the two study areas were interviewed (Table 2) representing
8% of Loddon Highlands licensed bore users (n = 160) and 12% of
Campaspe Plains licensed bore users (n = 138).
The face-to-face interviews with groundwater users were semistructured, guided by a set of questions to ensure each interview
covered the same topics. Most questions were open-ended and
the sequence was structured to commence the conversation with
factual data about the groundwater user’s farm and water use
(their own groundwater supply and history of usage, knowledge
of rising and falling groundwater levels). This was followed by
more abstract questions to encourage the interviewees to explore
their knowledge, perceptions and beliefs about groundwater and
management of the resource, including groundwater as a water
supply, management plans and regulations, the groundwater management process, any limitations in their knowledge of groundwater, and what sort of groundwater information they would like.
Most interviews lasted approximately one hour, but some were
considerably longer and all but one participant agreed to audio
recording of their interview. Each interview was conducted at the
groundwater user’s property. Audio recordings of the interviews
were transcribed into text and imported into a commercial software package NVivo9 (www.qsrinternational.com/) for coding,
quantitative analysis (Table 3) and qualitative analysis.
6. Results
The goal of the interviews was to gain a description of the interviewees’ perceptions of their circumstances, based on their
responses to the questions (Sandelowski, 2000). The conversations
provided valuable insights into groundwater users attitudes and
thoughts about groundwater resource planning and its management. Interpretation of the data yielded some quantitative results,
for example, numbers of people whose responses ﬁtted a particular
category (Table 3). The following sections look at some key ﬁndings from the quantitative results and focusses on the language
and words used by the stakeholders to highlight the social reality
with which the groundwater management process must co-evolve.
6.1. Acceptance of groundwater management plans
The overwhelming majority of users (n = 27/30) gave an
unequivocal yes to the question ‘Do you see a need for groundwater management in your district’. Common reasons given were to
manage the resource during the drought years and/or the greed
of some fellow users. Some mentioned that they were aware of
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Table 2
Interviewee details.
Interviewee categories

n

Several (n = 6) noted that the plans have played a valuable part
in maintaining water levels through the drought years, preventing
over-use, or made mention of the need for sustainable resource use
into the future. One respondent made the following comment
about the original management plan:

Age range

20–40
40–60
60 Plus

5
16
9

Gender

Female
Male
Couple
Father and son

2
16
10
2

‘The last one was probably too inﬂexible, better than not having
them, but no-one foresaw the 10 dry years, and the recovery levels
were set too high, but overall they stopped the overuse of groundwater. It achieved that’. (Int. #21)

Farm locations

Loddon – Ascot
Loddon – Spring Hill
Campaspe – North
Campaspe – South

4
9
12
5

There were several comments that indicated good engagement
with the community had occurred, particularly during the most
recent plan development process:

Bore types

Irrigation
Irrigation + stock &
domestic
Stock and domestic only
Urban

15
11

‘Much better communications now than there was’. (Int. #24)

Number of irrigation bores and pumps on
farm

Maximum
Minimum
Median

6
0
1

Years of groundwater usage

Maximum
Minimum
Median

45
1
26.5

Main crop irrigated with groundwater

Pasture
Lucerne
Potatoes
Mixed vegetables

7
9
7
1

‘It made sense, it seems that the water authority is making a reasonable effort to make it clear’. (Int. #6)

3
1

A few interviewees were less positive about the information
received from the water authority and one showed low trust in
the plan development process:
‘I was certainly very interested and involved in the plans in early
years and went to the meetings, but I concluded that it was a total
waste of time, money and effort going on’. (Int. #8)
A summary of a desirable consultation meeting from one interview provides good advice for groundwater resource managers in
planning community meetings:

over-use of aquifers in other countries, and a few highlighted a historical understanding of the need for plans, such as when too many
bores were drilled close to each other and when licence volumes
were over-generous.
Out of the thirty interviews, on the question of whether they
thought the management plans had been effective in achieving
the goal of sustainable resource use, 22 responded positively.

‘Public meetings need best quality information in most concise
form, well designed, keep it simple, they don’t want lots of hydrological information. People come in scared to these things, some
have had bad experiences and may be intimidated by technical
experts . . . Don’t lecture to people, give them good facts, be open
to questions. There will always be hard cases in the audience, but
get stuff into the local papers, why is the plan good, that’s my
thoughts’. (Int. #9).

Table 3
Interview responses (all out of 30).
Interview topic and question

a

Yes
n

No
n

NA
n

About their own groundwater supply
Do you know what rock types and soils are under your property?
Do you know the rock type that your groundwater is found in?
Do you know the salinity of the water?
Does your bore supply always meet your needs?
Have you had to replace any bores and pumps?
Have you ever sought geology and groundwater information for your property?
Have you seen any changes in groundwater levels in your bore?
Do you follow the groundwater level information for your district?

21
20
17
15
13
6
19
21

9
10
13
10
15
22
11
7

0
0
0
5
2
2
0
2

About groundwater regulations and the need for management plans
Do you see a need for groundwater management in your district?
Do you think the groundwater resource is currently over used?
Have you had concerns about new bores going in your vicinity?
Do you have any concerns about the amount that neighbours use?
Is groundwater being used properly and wisely?
Do you think the management plans have been effective?
Do you think that the authorities and their technical advisors know enough about the groundwater systems in your area?
Have you had concerns about the amount of information the plans are based upon?

28
3
8
8
25
22
15
15

0
20
19
18
1
3
15
13

2
7
3
4
4
5
0
2

Level of trust
How much do you trust the information provided by the water authority?

Good
18

Poor
9

NA
3

Involvement in plan development
How much involvement have you had in groundwater management plan development?

On committee
7

Some
11

None
10

NA
2

Change in groundwater level
What causes change in groundwater levels?

Pumping
8

Rain
4

Both
16

NA
3a

One response suggested tree clearing was responsible for change in groundwater level.
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On the question whether people thought groundwater was used
properly and wisely, 25 said yes and many added comments similar to this:

One of the three (Int. #9) who thought that groundwater was
overused, said so on the basis that lower groundwater levels during the drought put their own usage at risk, so reduced usage
was needed if the levels didn’t recover to pre-drought levels

Campaspe Plains
5.0

Depth Below Surface (m)

‘Yes, especially as the costs of pumping are so high; it’s not a cheap
source of water’. (Int. #19)

0.0

10.0

15.0

20.0

6.2. Reasons for acceptance of plans – climate variability

25.0

Southeastern Australia, including Victoria, has a very variable
climate, and this is the major inﬂuence on groundwater levels
through this region (Yihdego and Webb, 2011). A wetter climate
phase from the 1950s to 1990s (Kiem and Verdon-Kidd, 2010;
Rančić et al., 2009) manifested as rising groundwater levels in both
the Campaspe Plains and Loddon Highlands (Fig. 2). In many places
these caused widespread salinity problems and subsequent catchment degradation, so groundwater pumping was encouraged to try
to stem these rising levels. Several groundwater users in the Campaspe Plains recalled how at this time they were given exceedingly
large allocations (by today’s standards) and in some cases, were
paid a small subsidy for a few years to pump groundwater:

30.0

With increased groundwater consumption during the 1990s
and the onset of the drought in 1998, groundwater levels began
to decline in these areas (Fig. 2) as well as much of Victoria. A
return to higher rainfall years in 2010 and 2011 brought a recovery
in groundwater levels almost to pre-drought levels in the Loddon
Highlands (Fig. 2) where numerical modelling indicates that recovery is due to both increased recharge and a localised reduction in
usage (usage declined from 7.5 GL in 2008/9 to 2 GL in 2010/11).
This accords with the observations of many groundwater users in
the Loddon Highlands, who mentioned they were aware that levels
fell and then recovered from the management plan information
they received. They often related these trends to observations in
their own bores, especially where they increased pumping costs.
‘I’ve seen the effect of the drought, and I can show you the data that
showed the level until this year was always lower than the previous
year, showing that it wasn’t recharging. . . . They have accepted the
fact that one really good recharge event hasn’t taken away 7 years
of drought’. (Int. #5)
The post-drought recovery on the Campaspe Plains was less
dramatic (Fig. 2). The seasonal drawdown varied according to irrigation demand, which was dependent on climate, so the deepest
drawdown in the very dry summers of 2006 and 2007 corresponded to high groundwater usage of 36 GL, but when usage
declined to 8 GL in the wet years of 2010 and 2011, the resulting
drawdown was much less. Between 2006 and 2010, groundwater
restrictions were applied in the more intensively pumped areas,
and both the mass balance modelling and the hydrographs show
that the lower usage caused less seasonal drawdown and the
non-pumping season recovery levels appear to have stabilised
due to the management plan intervention (G-MW, 2011, 2012b).
Some interviews indicated awareness of the levels in the aquifer
and attributed beneﬁts to the management plans:

Bore 60132. Screened 90 - 96m

10.0

Loddon Highlands

15.0

Depth Below Surface (m)

‘My groundwater license was 1880ML, I got it in the early days,
1981 I think, when you went for a license and they said ‘‘how much
do you want?’’ – I said as much as I can get – ‘‘then this is as much
as you can have’’. They didn’t care much, because it was originally
supposedly a salt control bore . . . As a salt bore, there were no
charges in the early days’. (Int. #18)

1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013

20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
Bore 46488. Screened 104-125m.

Fig. 2. Groundwater levels in the Calivil Formation aquifer in the Campaspe Plains
and Loddon Highlands (see Fig. 1 for bore locations), showing major drawdowns
during each irrigation season. The overall decline during the drought (1998–2009)
and recovery since 2010 (data from www.vicwaterdata.net/vicwaterdata/
home.aspx).

‘In our area they have been alright, no issues, although I’m not sure
if levels are quite right yet. It did a good job and during the drought
it prevented a catastrophe with the plan in place in 2004’. (Int. #6)
The timing of the introduction of the groundwater plans at the
early stages of the drought was therefore fortuitous, as declining
water levels in the aquifers triggered restrictions on usage in more
heavily developed areas. Under the plan rules, the majority of users
were able to access sufﬁcient water for their needs, so there was
broad recognition that the plans provided a necessary and equitable approach, hence most people endorsed the plans.
A long history of groundwater resource management and monitoring has also played a part in acceptance of the plans. Because all
groundwater bores in Victoria have required a license since 1969,
then there was the period of rising groundwater levels and salinity
threat in the 1980s (which fostered increased monitoring) followed by the commencement of groundwater management plans
in the late 1990s, these irrigation farmers represent a relatively
mature water resource management community that has been
involved with the government and water authorities in discussing
and hearing about their groundwater resources for several decades. This has helped create a general acceptance that the management agencies have a reasonable understanding of the aquifers and
the state of the groundwater resources, thus there was a strong
degree of trust developed over considerable period of time
between users and resource managers, representing social capital
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and therefore community capacity for self-regulation (Mitchell
et al., 2012).
A key feature of the Victorian plans is the inclusion of an ‘adaptive’ management approach, highlighted by the review of the plans
in 2010–12, when reﬁnements proposed (such as water banking
and trade rules) were subsequently incorporated. The groundwater
users had become more comfortable with the ongoing operation of
the plans, so they had sufﬁcient faith to agree to this second generation renewal. Evolution of the plans is therefore able to keep
abreast of changing social circumstances by allowing groundwater
users to have an ongoing role in plan development, representing
social learning within an adaptive management framework
(Mitchell et al., 2012).
6.3. Impediment to acceptance of plans – perceived inequitable
treatment of groundwater users
One barrier to acceptance of the groundwater plan in the Campaspe Plains was the perception of inequitable treatment of
groundwater users in the northern and southern parts of the management area. In the southern part there are relatively few water
licences, whereas towards the northern end there are more users
with a collectively greater licensed extraction volume and therefore a greater impact in drawing water levels down (Fig. 3). The
management plan has dealt with this difference by imposing different rules in these two areas: during the drought the northern
users faced a reduction in annual usage of up to 50%, whereas
the southern users maintained 100% of their allocations. While
there are sound hydrogeological reasons for the different treatment applied to the two areas, comments made in the interviews
highlighted some strong feelings of inequality and doubt about
the validity of the technical aspects. From the south:
‘There probably has been some misunderstanding about the 2 separate zones and the reasons for them . . . The whole thing was that
we were stealing water from those downstream, and the hinge
point put that to rest, but a lot of people still don’t want to understand that because it doesn’t suit their mindset’. (Int. #21)
And from the north
‘Those guys past Elmore, only because of the so called choke (hinge
line) they were able to pump without restriction, it was disgusting,
they grew crops all through the drought, and you had nothing
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growing down here, and everybody talking about it, especially people in Elmore.’ (Int. #22)
In the Loddon Highlands, an urban supply bore near an intensively developed aquifer pumps almost continuously (or is perceived to by agricultural users) one of whom made the following
comment about it:
‘We’re nibbling at it [the basalt aquifer] because we only use it
3 months of the year. The people who are using it to a major extent
are those on the reticulated supply so bores that pump 24hrs a day.
I’m a little bit against that, because you need to create a natural
balance with what the bore or spring can produce’ (Int. #26)
A perception held by one non-agricultural user of wastage
occurring in some agricultural enterprises in the past, was alleviated somewhat by the ability of the management plans to impose
usage restrictions when aquifer levels fall below trigger levels. The
plans also provide the option for users to leave unused irrigation
water in the aquifer for use in the following season. The potential
of trade between users to generate water savings was also mentioned as a positive outcome, made possible by the management
plans bringing different users together and providing rules for
trading to occur.
6.4. Need for technical information
Questions that sought people’s views on the type of information
they would like to see as part of the management plan process
brought out a range of responses. One mentioned the importance
of providing well-designed, easily understood information strongly
justifying the management plan:
‘Keep the public informed and make it transparent. Can it justify
the management; Find the happy medium so you’re not just
bleeding the customer’. (Int. #20)
On the question of how they would like groundwater information presented, nearly half (n = 13) preferred basic information on
water level change over time (simple bore hydrographs). One
interviewee noted that people can relate well to levels because
they know it costs more to pump as levels drop, but wondered
whether volumes of groundwater would make any sense to users:
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Fig. 3. Comparison of groundwater levels in the northern (bore 89574) and southern (bore 62589) parts of the Calivil Formation aquifer in the Campaspe Plains (see Fig. 1 for
bore locations). Note the signiﬁcant seasonal drawdown and long-term decline in level in the heavily developed north, while to the south, there has been little change in
ground water level.
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‘Levels in the ground – people can picture that, so while it may not
relate to a lineal amount of water, if they can see a big drop in level,
they know it means their water will cost more to pump out of the
ground, but if you said there was 50,000 ML and its gone down to
40,000 ML, what would that mean to people and they might say, so
what?’ (Int. #5)
Another respondent recognised that the plans are still evolving
and of the importance of providing information suitable for the
audience, particularly simple water level graphs:
‘It doesn’t need to get too complicated; you can have the encyclopaedia back at the ofﬁce, but get it out to the community at a level
they can understand, and the level that most of them understand is
groundwater level charts. If you put them up, it usually stops all
debate, quite amazing’. (Int. #4)
Another mentioned the potential for people to see the latest
water level data online
‘I think probably the best ways, and these days it might use the
internet, are to keep the ongoing and up-to-date water levels in
bores so that they can get a feel for themselves what the levels
are doing’. (Int. #20)
However, a fourth cautioned that people need to have conﬁdence that the data matches their own experiences:
‘. . . but I’m concerned about the discrepancies between what
authorities say is happening to levels and what users see in levels,
so I take it all with a grain of salt’. (Int. #13)
The different perceptions of resource access and equity held by
some of the southern and northern groundwater users in the Campaspe Plains Groundwater Management Area highlights the need
for clear technical explanations for management decisions. While
the water authority has provided information on the physical characteristics of the aquifer and the response of water levels to pumping, some people have not been persuaded. Better information
products, including 3D visualisations, may be helpful to enable
more effective communication and help improve the strategic ﬁt
of sustainable groundwater use plans. In the Condamine catchment,
a range of tools, including 3D visualisations of the groundwater system (Cox et al., 2013) were used to increase technical understanding so the community could engage sufﬁciently to decide on
acceptable reductions in groundwater usage (Tan et al., 2012).
6.5. Costs associated with groundwater use
Several interviewees expressed concern about the high cost of
using groundwater (n = 13) and some mentioned it several times
(the total number of ‘costs of management’ comments made was
26):
‘I’m concerned that groundwater users pay for all groundwater
pumping costs, yet if they have 50% allocation, why are groundwater fees still 100%?’. (Int. #10)
With recent difﬁcult conditions weighing heavily on the interviewees’ minds, economic issues mentioned included declining
commodity prices, the closure of the surface irrigation supply system in part of the Campaspe Plains Groundwater Management
Area and a lack of prospective buyers for irrigation properties of
retiring farmers:
‘Where the plans fall down is that if the farming is not commercially viable because of commodity prices; that makes it uneconomic to use the groundwater’. (Int. #23)
‘It has become fairly expensive to use groundwater, with the fees, so
if you’re not growing anything with that water, you’ve still got
costs to cover’. (Int. #25)

While users recognised that the groundwater resource plans
and their associated costs and restrictions are necessary, there is
resentment toward costs that do not seem to accord with the user’s
perceptions of value. This is especially the case for Victorian
groundwater users, who bear all the capital costs of developing
their supply and all management costs associated with using the
groundwater resource; no central government subsidies are provided. This contrasts with many other global groundwater users
(e.g. Balali et al., 2011; Dinar and Mody, 2004) who either receive
subsidies or are not charged for groundwater usage.
While bore owners in the study areas clearly understand the
value of groundwater to their business, they recognise it is both
an asset and a liability. Users recognise that it is a drought-proof,
sustainable water supply when managed carefully, and that the
ownership of a bore licence increases the value of their property.
Therefore they agreed that groundwater management charges were
necessary, but questioned the level of costs. In particular, increasing
energy costs and falling commodity prices have made it uneconomic for some users to continue with the enterprise for which
investment in the bores was originally made. The main groundwater use in the Loddon Highlands was for irrigating potatoes, but in
recent years, prices barely covered the costs of production. Increasing land values and an inﬂux of non-farming ‘lifestyle’ landholders
may also reduce future demand for groundwater. On the Campaspe
Plains, some farmers facing lower returns from the dairy industry
ceased using their bores and no longer considered them an asset
unless they could sell their farm; such changes in property ownership can impact groundwater use (Mendham and Curtis, 2010).
An additional factor is the relative cost of groundwater compared to surface water. In 2011–12, annual groundwater fees in
the two study areas (ﬁxed and allocation volume-based) were
A$3,375 for 400ML (http://www.g-mwater.com.au/pricingcalculator/
groundwater.aspx); pumping and maintenance costs added
$20,000–32,000. The same amount of surface water cost $13,384
and additional surface water could be bought on a seasonal basis
in 2012 for less than $20/ML. Decreasing commodity prices and
increasing energy and regulatory costs will make the use of surface
water increasingly economic as an irrigation option, particularly if
changes to national water management (see Section 7.1) increase
the reliability and reduce the costs of surface water supply.
Groundwater users that have access to surface water may use that
source in preference when higher salinity groundwater acts as an
additional disincentive for use. If there is a decline in demand for
groundwater and a reduction in numbers of users, this will
enhance the stabilisation of groundwater levels on top of that
achieved through the management plans, but it threatens the
future of those plans, because the cost of administering the plans
must be met by a declining number of irrigators.
At present, records of groundwater licences in both study areas
show that few bores have been relinquished or licence volumes
reduced to date (B. Knowles, G-MW, pers. comm.) but three interviewees were no longer using their irrigation bores at the time of
the interview. While some interviewees expressed some pessimism about the future, they still consider their bores to be a valuable enough asset to maintain ownership at this time. It remains to
be seen whether Australian farming economics will become
favourable enough in the future to reverse the present trends, so
that new landholders will invest in groundwater-supplied irrigation systems, and hence increase groundwater demand.
7. Discussion
7.1. National water reforms
Development of the groundwater resource management plans
in the two study areas occurred prior to and then during a period
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of major water reform at both national and state levels. Many
groundwater users interviewed in this study were aware of these
reforms, some of which have implications for groundwater planning in the study areas. The national reforms in particular are likely
to inﬂuence future surface water security and its cost compared
with groundwater; fortunately, early attention in Victoria to
groundwater resource management put Victorian irrigators in a
better position to face some aspects of the reforms.
The recent decadal drought in southeast Australia culminated in
realisations that past over-allocations of surface water and groundwater would require programs of water buy-back and improvements in water use efﬁciency (Lucasiewicz et al., 2013). This
precipitated enormous change in government and community
awareness of the use and management of water resources, particularly in the Murray-Darling Basin (see Fig. 1) which resulted in the
re-writing of Australian water law (Water Act, 2007a) and the
development of a Murray-Darling Basin water management plan
(Water Act, 2007b). A key intention of this new legislation is to
reduce consumption of water resources (both surface and groundwater) to return a greater amount for environmental needs. A consequence of this will be greater carryover from season to season of
both surface and groundwater resources, which will improve security for all users and in turn reduce water trade price volatility, preventing prices from rising as much in future drought years. If in
future this means surface water will be the cheaper and more reliable option for irrigation supply, comparatively expensive groundwater (due to pumping costs) may further reduce demand and
stabilise aquifer levels.
When the groundwater resource management plans in the Loddon Highlands and Campaspe Plains Groundwater Management
Areas were implemented, licences for new bores were limited, capping total groundwater allocations, so that during the drought no
over-allocation of the resource occurred. Consumption was then
reduced where necessary through seasonal reductions in allocations (down to 50% in parts of the Campaspe area) and Victoria largely avoided the conﬂicts that other areas have faced (Tan et al.,
2012; Baldwin and Ross, 2012). In Victoria, existing groundwater
use is less than rainfall recharge (CSIRO, 2008b) and some groundwater levels have stabilised, indicating that the state is in a good
position with regard to implementation of the Murray-Darling
Basin Plan. Some other Australian states face the prospect of cutting signiﬁcant numbers of licences or having to ﬁnd substantial
sums of money to buy back groundwater licences to ﬁt within
the estimates of sustainable yield. Victorian groundwater users
have avoided this, a beneﬁt of the early and effective implementation of groundwater licensing and the water management plans.
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development of the groundwater management plans resulted in
a workable groundwater governance system, thereby giving the
plans a ‘social licence’ to operate (Thomson and Boutilier, 2011)
built on a strong history of consensus building (Baldwin and
Ross, 2012).
7.3. Comparison with groundwater management in other areas
The methods of social engagement used to develop the Victorian groundwater plans were successful, with the plans implemented without too much opposition and in relatively short
timeframes. However, whether the Victorian experience can be
trans-located to other jurisdictions is unclear, as the key factors
that enabled a successful outcome in Victoria often do not occur
elsewhere, e.g. where bore ownership has not developed under
compulsory government licensing, where there are large numbers
of illegal bores (Garrido et al., 2006) or where prior appropriation
doctrine creates quite a different culture (Schlager, 2006).
Two studies elsewhere in Australia illustrate the problems that
can arise. In the Howard East area, Northern Territory, the community is highly heterogeneous and had little experience in water
planning and the stakeholder survey identiﬁed two barriers to collaboration: a widespread lack of understanding of groundwater
systems and a lack of trust of the science underpinning decision
making and government-driven management of their aquifer system (Jackson et al., 2012). As a result, little agency-based information about the aquifer was trusted by the broader community
(composed predominantly of non-agricultural water users).
In the Condamine catchment, southeast Queensland, where the
priority issue was water over-allocation, George et al. (2009) found
it was unclear whether there was a shared understanding of
groundwater, or the extent of the problem and potential ways to
resolve the issue. Because groundwater development in the Condamine catchment was relatively unrestricted until the turn of this
century, extraction volumes in 15 of the 22 Groundwater Management Units reached more than double the average potential rainfall recharge (CSIRO, 2008a) in stark contrast to the situation in
the Victorian catchments. Furthermore, groundwater irrigation in
some regions was largely unlicensed and unmetered until recent
times, so there was little data on resource volumes or usage (Lockyer Valley, Queensland, Baldwin and Ross, 2012). Such differences
highlight that development of groundwater resource management
plans in a particular area will need to be tailored to the local conditions and especially the history of groundwater resource development, implementation of regulations and effectiveness of
consensus building. No single approach is likely to be successful.

7.2. Not just about sustainable yield
8. Conclusions
The successful development of the groundwater resource management plans in the two Victorian study areas did not arise only
from the determination of sustainable groundwater yields for each
deﬁned aquifer. The planning process addressed all three problems
of groundwater resources management identiﬁed by Llamas et al.
(2006) in Section 2 (though this is apparent only in hindsight).
Firstly, there were valuable advances made in raising community
interest through the early implementation of rules in 1969 to limit
bore interference between neighbours. Further opportunities to
improve groundwater awareness occurred in the 1990s when
groundwater levels were rising and salinity threatened the farming
landscape. Secondly, management planning began before there
was any lasting damage to the aquifer systems (which may be
due more to the ‘non-fragility’ of these two aquifers than the timing of usage restrictions) but this allowed sufﬁcient time for positive social transition to occur. Thirdly, stakeholder participation
through strong community consultation and engagement in the

Two agricultural areas in northern Victoria with signiﬁcant
groundwater use (Loddon Highlands and Campaspe Plains) were
investigated using social research methods to determine how irrigation farmers perceive the groundwater management plans they
are involved with. Face-to-face interviews with 30 groundwater
users showed that the overwhelming majority agreed with the
need for groundwater management and thought that the current
plans had been effective in achieving the goal of sustainable
resource use, and that good engagement with the community
had occurred during the plan development. During the 1998–
2009 drought, reductions in groundwater allocations allowed most
users to access enough water for their needs, reinforcing the usefulness of the plans. A small number of groundwater users distrusted aspects of the water management plans, particularly the
different allocations applied to the northern and southern parts
of the Campaspe Plains management area during the drought.
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Several additional factors combined to gain acceptance for the
plans in the Victorian study areas: good data on groundwater
usage and aquifer levels is available, groundwater users were
familiar with usage restrictions since the 1990s due to State water
legislation that required orderly development and licensing of
groundwater, and an ‘adaptive’ management approach was used,
so reﬁnements could be readily incorporated.
Groundwater users expressed a strong need for clear technical
explanations for management decisions, in particular welldesigned, easily understood information on the latest water level
data, including online. More complex products like 3D visualisations may be useful adjuncts.
The irrigation farmers recognised the value of groundwater in
maintaining access to water and increasing the value of their property, and they agreed that groundwater management charges were
necessary, but questioned the level of costs. Victorian farmers provide all the capital to develop their supply, and increasing energy
costs and falling commodity prices have caused economic difﬁculties and increased the relative cost of groundwater compared to
surface water. This may impact on groundwater users’ capacity
to ﬁnancially support the management plans in the future. Nevertheless, the farmers still consider their bores to be sufﬁciently valuable to maintain ownership.
Recent changes to Australian water management, intended to
reduce consumption and return a greater amount to the environment, have had relatively little impact in Victoria, a beneﬁt of
the early implementation of effective groundwater management
plans there and the fact that existing groundwater use is less than
rainfall recharge. As a result, Victoria avoided a large-scale buyback of groundwater licences to ﬁt within the estimates of sustainable yield.
The trust that exists between irrigation farmers and the management agencies in Victoria allowed groundwater plans to be
implemented without much opposition and in short timeframes,
and contrasts with other areas of Australia and overseas, where
there is often a lack of understanding of groundwater systems
and a lack of trust of management of the aquifer system.
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a b s t r a c t
In Victoria, Australia, most groundwater resources are now fully allocated and opportunities for new
groundwater development can only occur through trading of license entitlements. Groundwater usage
has rarely exceeded 50% of the available licensed volume, even in the 2008/9 drought year, and 50 to
70% of individual license holders use less than 5% of their allocation each year. However, little groundwater trading is occurring at present.
Interviews were conducted with groundwater license holders and water brokers to investigate why the
Victorian groundwater trade market is underdeveloped. Responses show there is a complex mix of social,
economic, institutional and technical reasons. Barriers to trade are influenced by the circumstances of
each groundwater user, administrative process and resource management rules. Water brokers deal with
few trades at low margins and noted unrealistic selling prices and administrative difficulties. Irrigators
who have successfully traded identify that there are few participants in trading, technical appraisals
are expensive and administrative requirements and fees are burdensome, especially when compared
to surface water trading.
Opportunities to facilitate trade include groundwater management plan refinement and improved
information provision. Simplifying transaction processes and costs, demonstrating good resource stewardship and preventing third party impacts from trade could address some concerns raised by market
participants. There are, however, numerous individual circumstances that inhibit groundwater trading,
so it is unlikely that policy and process changes alone could increase usage rates without greater demand
for groundwater or more favourable farming economic circumstances.
Ó 2017 Elsevier B.V. All rights reserved.

1. Introduction
Groundwater resources globally are under increasing pressure
due to factors such as historical unfettered development and
increasing pressure for agricultural production and urban water
demands (Qureshi et al.,2012; Gao et al., 2013; Palazzo and
Brozovic 2014). Once surface and groundwater systems become
fully exploited, variability in seasonal rainfall and climate trends
can restrict supply, cause supply reliability problems, increase

⇑ Corresponding author at: Department of Economic Development, Jobs Transport and Resources, Victoria, Australia, 255 Ferguson Road, Tatura, VIC 3616,
Australia
E-mail addresses: bcgill@students.latrobe.edu.au, bruce.gill@ecodev.vic.gov.au
(B. Gill), john.webb@latrobe.edu.au (J. Webb), kerry.stott@ecodev.vic.gov.au
(K. Stott), xiang.cheng@ecodev.vic.gov.au (X. Cheng), roger.wilkinson@ecodev.vic.
gov.au (R. Wilkinson), brendan.cossens@gmwater.com.au (B. Cossens).
http://dx.doi.org/10.1016/j.jhydrol.2017.04.055
0022-1694/Ó 2017 Elsevier B.V. All rights reserved.

competition among users and cause decline in groundwater levels.
In most cases, this often comes at the expense of water-dependent
ecological assets (Connor and Kaczan, 2013). Further economic
development is fundamentally constrained once the natural water
resource limits have been reached, unless transfer of water holdings from low value use to higher value occurs.
As with many other comparable economies and countries, agriculture is the main user of groundwater in the state of Victoria,
Australia. This resource is regulated through provisions in the
Victorian Water Act (1989) that require implementation of
resource management plans in defined aquifer supply areas. These
cap total entitlement within sustainable extraction limits, and seasonal restrictions can also be applied if groundwater levels fall
below agreed trigger levels. Of the available groundwater resource
of just over 1000 GL/yr, agriculture users hold entitlements of
nearly 800 GL/yr. (Cheng and Gill, 2015). However, the majority
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of this water holding is not used each year, with few aquifer systems reaching over 50% use of entitlement, even in the driest years
(2006–9) of the recent millennium drought (1997–2009).
Agriculture could increase production and improve its climatic
resilience through better utilisation of the issued but unutilised
groundwater entitlements, and new enterprises seeking groundwater licenses could be established through groundwater trade.
One might expect that most groundwater license holders would
seek to sell any water that they cannot use in order to maximise
the return on their asset and offset the annual fees and charges
leveed by RWAs1, yet the number of groundwater trades is small,
especially in comparison to surface water trading (DELWP, 2015).
Groundwater trade could also be considered as a market-based
instrument which farmers can use as a mechanism to improve
their self-reliance and preparedness for drought management, or
assist in orderly structural adjustment (Bjornlund, 2002; Kiem,
2013). Given the caps on groundwater availability in many areas,
governments keen to support regional development and impart
better drought resilience also have an interest in understanding
whether demand for water can be met through better utilisation
of the water that has already been licensed.
This paper investigates why the groundwater trading market is
underdeveloped (compared to surface water markets) and identifies opportunities to facilitate trade. It commences with a description of the development of water markets and groundwater
management in Victoria, then the results of interviews designed
to capture the experiences and views of license holders and brokers with respect to groundwater trading in Victoria are presented.
These reveal opportunities and challenges that governments and
agencies face in seeking to establish an effective groundwater trading system that will make better use of already issued and capped
groundwater entitlements.

2. Background
2.1. The development of water markets
Globally, surface water trade has become well established and
operates in a number of surface water systems (Gao et al., 2013;
Skurray et al., 2013; Howitt, 1994). The general requirements for
a competitive and efficient water market (Dinar et al., 1997;
Saliba, 1987, Juchems et al. 2013) are:
1) many sellers and buyers with full knowledge of the market
institutions and facing similar transaction costs;
2) participation decisions are made independent from other
buyers and sellers;
3) outcomes are not affected by the decisions of other
participants;
4) participants are assumed to be maximizing profits; and
5) completely specified, enforceable, and transferable property
rights.
Market systems that have met these requirements will move
resources from low value uses to high value uses, resulting in an
economically efficient allocation of resources for both individuals
and society, so long as the gains in value are large enough to offset
the costs of completing the transaction. A well-designed water
market requires the measurement and monitoring of water extractions and enforcement of management rules, and should consider
any externalities or third party effects (Rubio and Casino, 2001;
Skurray and Pannell, 2012).
1
RWAs – Rural Water Authorities, the bodies responsible for managing Victoria’s
groundwater resources.

In Australia, moves toward the development of water markets
began in the 1980’s in response to two main factors: drought and
over-allocation (Connor and Kaczan, 2013; Skurray et al., 2012).
A major change occurred in 1994 when water rights based on land
ownership were changed to a system based upon entitlements to a
defined volume of water from a consumptive pool. This allowed
water to be separated from land ownership, allowing it be traded
(Connor and Kaczan, 2013; Gao et al., 2013). These developments
initially applied to surface water resources, but following an investigation of groundwater management arrangements (COAG, 1994;
ARMCANZ, 1996) it was concluded that ‘groundwater trading
could expand as it offered potential to solve difficult management
issues as demand for water use increased’ (Skurray et al., 2012).
Since the late 1990s, most Victorian groundwater supply aquifers
had limits placed on total annual extraction volume in response
to declining levels and to establish the foundations for more sustainable resource use (Gill et al., 2014). With many systems fully
allocated, the basis for ‘cap and trade’ markets was established
for most of Victoria’s main irrigation supply aquifers.
A key development which facilitated increased surface and
groundwater trading was the 2004 National Water Initiative
(NWI) which established an integrated framework of entitlement
and allocation specifications, water planning and water trading
(GHD et al., 2011) which Victoria’s groundwater trading arrangements largely follow. This provided a clear definition of the tradeable product (water entitlements and allocations) to promote
confidence in the market, as well as 15 principles to establish markets, define boundaries, assess participation and implement appropriate management. It also noted that governments need to
facilitate efficient market operation where physically possible by
minimising transaction costs, providing good market information,
allowing a mix of products to develop, recognising the needs of
the environment and protecting against third-party impacts. However, the only references to the social aspects of water trading discussed in GHD (2011) were the benefits or impacts of water trade
under the ubiquitous ‘triple bottom line: economic, social and
environmental’, providing a reason for this study to start looking
at how well participants were progressing with the newly established markets.
A detailed literature review of the social aspects of groundwater governance (Mitchell et al., 2012) found that much of the
research was directed at surface water markets, and landholder
decisions regarding groundwater did not always mirror surface
water decisions, so they concluded that it was uncertain whether
groundwater trade was driven by the same factors as surface
water markets. Access to both surface water and groundwater
(conjunctive use) may also influence participation in both markets (Mitchell et al., 2011). The lack of literature describing the
practical operation of an established groundwater trading market,
such as now operates in Victoria, was another of the reasons
behind this study.
2.2. Victoria’s groundwater resources
Development of groundwater for irrigation purposes grew steadily from the 1960s, with sharp increases in bore numbers in
response to droughts, for salinity management purposes and agricultural expansion. Especially during the 1997–2009 ‘Millennium’
drought (Schwabe et al., 2013; Kendall, 2013) groundwater usage
peaked in Victoria. Groundwater management areas (GMA) were
first mapped in the late 1990 s based upon high levels of development and potential growth. A permissible annual volume was
determined for each GMA based upon the long term sustainable
yield of the aquifer system. In a GMA where the total volume allocated approached the sustainable yield, a Water Supply Protection
Area (WSPA) was declared, which triggered development of a
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groundwater management plan. Over the past decade, some GMAs
have been amalgamated or expanded to better align with aquifer
extent or surface water catchments, and plans are being progressively developed with stakeholder involvement (Gill et al., 2014).
Currently, there are 19 WSPAs and 36 GMAs in Victoria
(Victorian Water register, 2015–Appendix B). All WSPAs are fully
allocated, as are many of the state’s 36 less intensely developed
GMAs, but of those that are not yet fully allocated, or areas outside
of a GMA, additional entitlement can still be granted by the
resource manager (Aither, 2014).
Approximately 85% of groundwater development has been for
agriculture use, of which the dairy industry was the biggest
groundwater user, totalling 58% of the total groundwater extraction in 2013/14 (Cheng and Gill, 2015). In 2013–14, there were
approximately 7670 active groundwater licenses holding a total
allocation of 909,000 ML. Usage varies significantly from year to
year and is inversely related to the amount of rainfall and
availability of surface water. All licensed bores in Victoria have
been metered since 2004 under groundwater management plan
rules, with the metering data supporting resource management
and equity needs. Total Victorian recorded use in 2013–14
was 329,360 ML (36% of allocation), while usage in a wet year
(2011–12) was only 17% of entitlement, while in the driest
season of the millennium drought (2006–7) 48% of allocation
was used.
Groundwater levels and quality in key aquifers are monitored
via a State Observation Bore Network (SOBN) which comprises
approximately 2500 actively monitored bores (http://data.water.
vic.gov.au/monitoring.htm). These observation bores provide the
key data set used to track groundwater resource condition in Victoria. Seasonal restrictions on usage are used in some WSPA to
manage decline in aquifer pressure through a system of trigger
levels that are defined in the stakeholder endorsed management
plans. In the Lower Campaspe Valley WSPA for example, if the
three year average winter recovery level falls below the first trigger
level, license holders can pump only 75% of their entitlement in the
following season; further decline below the next trigger level
imposes a 50% reduction in entitlement.
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3. Method
This study investigated some social dimensions of groundwater
trading in order to better understand groundwater trade activity in
Victoria and identify opportunities to facilitate more trade activity
as a means to better utilise the available groundwater resource. We
have used two methods of inquiry: focus group discussion and
semi-structured interviews with both groundwater users and
water brokers.
3.1. Focus group discussions
Focus group research targeted groundwater license holders in
chosen study areas and used open-ended questions to trigger discussion amongst the group. Focus groups are particularly useful
when little is known about the phenomenon of interest and are
generally followed by research that provides more quantifiable
data from larger groups of respondents (Stewart and Shamdasani
1998).
The three focus group discussions in this study had a total of 18
participants and were facilitated by an experienced social
researcher and groundwater scientist. They followed a focus group
guide that contained a series of linked questions designed to
explore the group’s collective experiences and views on aspects
of groundwater trading. The focus group guide questions are in
Appendix A.
3.2. Semi-structured interviews
Semi-structured interviews provide a means of gaining both
qualitative and quantitative information (Sarantakos, 1998, p
247). An interview guide based on the focus group guide was
developed with modified questions tailored for interviews with
either water brokers or groundwater users. The early part of the
groundwater user interview questions focused on obtaining quantitative information, with the latter parts more focused on exploring views and experiences. The interviews followed the guide, but
took advantage of opportunities to follow conversation threads and
probe for reasoning behind answers.

2.3. Groundwater trading

3.3. Selection of participants

Groundwater trading in Victoria can occur through either
change of property ownership (associated with property sales) or
through the permanent or temporary (up to five years) transfer
of entitlement from one license holder to another. This paper is
concerned with the latter trading type, enabled in 2002–2003,
which allows the transfer of part or all of a groundwater entitlement volume between licensed groundwater users, allowing it to
be extracted at a different location.
Trading can in theory occur anywhere within Victoria, but in
practice, trades tend to be limited to within a WSPA or GMA, in
part due to limitations on trade into fully allocated areas and perceptions about only being able to trade within the defined management areas. Management plans may also contain rules that limit
trades into more intensively developed zones in order to limit
water level drawdown.
Groundwater trade varies from year to year (Fig. 1) and both
volume and number of transfers recorded to date show there
was an initial spike in activity in response to the Millennium
Drought, but more steady trade activity since 2011. In 2014–15,
there were 166 temporary and 58 permanent trades for total volumes of 17,437 ML and 8559 ML respectively (DELWP, 2015). This
total trade equals 2.8% of state total groundwater entitlements and
7.9% of recorded usage for that year.

Three focus group meetings were held with groundwater users
in two groundwater irrigation areas of Victoria: the Lower Campaspe Valley (northern Victoria) and the South-west Limestone
Coast (see Fig. 2). Victoria’s two main rural water authorities provided contact details for some members of groundwater resource
user committees. From these, a snowballing sampling method
was used to gather additional contacts and recruit focus group participants. In southern Victoria, an online trading forum website
(‘Watermatch’ – http://www.srw.com.au/watermatch/) was also
utilised to contact potential groundwater traders, several of whom
agreed to participate in a focus group discussion. In May 2015, one
focus group was held in Warrnambool and two focus groups in the
Campaspe Valley. Participants in the focus group discussions were
all active groundwater irrigators.
Water brokers match buyers and sellers of water and are an
important group of people that contribute to our understanding
of groundwater trading. There were over 38 water broker service
providers serving northern Victorian and southern New South
Wales in 2015, but the majority have surface water trading experience only, reflecting the small size of the groundwater trading
market. Five brokers with groundwater trade experience were
interviewed, two in face-to-face interviews and three over the
phone. The interview guide questions are provided in Appendix A.
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Fig. 1. The number and total volume of groundwater trades from 2004–2005 to 2014–2015 in Victoria. Note the increase in temporary trade activity during the 2006 to 2010
drought years (source: Victorian Water Register, 2016).

Fig. 2. Victoria, Australia locality map with the five study areas shown.

In order to gain insights from groundwater license holders who
used none or very little of their available allocation (sometimes
referred to as sleeper and dozer license holders respectively), alternative recruitment methods were employed. A few names suggested by active users at the focus groups were followed up and
two phone interviews were conducted. However attempts at cold
calling more low usage license holders (from de-identified spatial
data and phone directories) were unsuccessful, and Australian

and state privacy legislation made it difficult to directly access customer records from the Rural Water Authorities.
In October 2015, contact details for 50 potential sleeper/dozer
license holders were provided by Goulburn Murray Rural Water
Corporation on condition of confidentiality and on the basis of
interest in the findings of the interviews. In December and January
2016, letters of introduction explaining the nature of the study and
the purpose of the phone survey were sent to these license holders
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in four management areas: Katunga, Campaspe, Mid Loddon and
Loddon Highlands (see Fig. 2). Of this group, 34 people agreed to
a phone interview. The phone interviews took from about 10 min
to over half an hour and followed a set of questions to guide each
interview. Appendix B provides a table that summarises quantitative data from the semi-structured interview participants. A more
comprehensive account of the interview findings can be found in
Gill (2016).

3.4. Social data analysis
Verbal responses from the focus group discussions, the broker
interviews and the license holder interviews were transcribed as
MS WORD documents. These texts were then analysed using qualitative methods and a proprietary CAQDAS2 package (NVivo)
according to a range of themes and categories that allowed the
numerous comments and opinions about particular aspects of
groundwater trade to be ‘coded’ and easily gathered together. This
provided a means to assess the range of circumstances and opinions
across the sample group of license holders.
Coding uses short phrases or words to capture salient data attributes (Saldana, 2013. p.3; Charmaz, 2001) and provides the critical
link between data collection and its meaning. Key themes under
which responses were coded and gathered include:





Reasons for underutilisation of groundwater
Attitudes to groundwater trading
Concerns, issues and difficulties with groundwater trade
Economic aspects of groundwater use and trade.

4. Interview results
4.1. Study participant circumstances
Groundwater irrigators have a wide variety of groundwater use
habits, groundwater development histories and infrastructure setups. They also have a wide range of farm business circumstances,
are at different stages of life and hold a range of opinions. Nonetheless, there are some areas of common sentiment:
 Recognition of the value of groundwater to their enterprise,
especially in regard to property value and the flexibility and
security it provides under seasonal rainfall uncertainty.
 Awareness and experience of the high costs associated with
groundwater development and use.
 Understanding of economic returns and limits of groundwater
for their enterprise.
While the focus group participants were all active users of
their groundwater entitlements, interview subjects (that were
selected on the basis of their recorded low or zero usage status)
comprised a mix of usage circumstances, with 17 of the 36 interviewees indicating their bore/s were currently in use, or would be
used soon. Usage varied from low volume (for domestic and stock
use) to recent re-activation for irrigation in response to the dry
season and the increasing price of surface water. Some respondents mentioned plans to expand their business and re-equip or
repair their bores, while others were active users during the
2015/16 season.
The following sections explore some of the experiences and
views expressed by groundwater users and water brokers according to the key themes used for data analysis.
2

CAQDAS = Computer Assisted Qualitative Data Analysis Software.
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4.2. Reasons for low groundwater utilisation
Reasons given for non-use of bores ranged very widely. Thirteen
respondents reported their irrigation bore had failed and one had a
bore that was never developed. Examples of the diverse range of
circumstances and reasons for non-use include:
 Pump failure, repair currently uneconomic
 Bore had irrigation yield potential, was licensed for such, but
had not been developed
 Currently not operational back-up urban or industrial water
supply bores (3)
 Bore pump failure, able to use surface water instead
 Owners retired from farming, bores now meet stock and domestic needs (2).
 Large holding with multiple bores, water transferred from failed
bores to operating bores.
 Bore failure. Small farm, uneconomic to repair for lucerne
(alfalfa) irrigation and water salinity too high (3500 ppm) for
hazelnut orchard (for which they use surface water).
 Failed irrigation bores purchased with properties (2).
 Bore renewal costs and 1300 ppm salinity considered too high
for re-development.
 Bore yield too low and groundwater salinity would require
dilution.
 Not operational bores purchased with properties; entitlements
leased (2).
Note – numbers in bracket indicate more than one example in
that circumstance.
Financial constraints and stage in life were mentioned by many
people as reasons why they were not using their bore or had not
developed their full groundwater allocations. Being close to or past
retirement age played a part in at least 8 low use license holders’
circumstances and influenced trade decisions in several ways.
These included concerns about taking on debt later in life (to repair
systems), possible sale of properties and assets on retirement from
farming, holding water because of the possible return of children to
the farm, leasing of properties after retirement, elderly parents
staying on farm and off-farm children undecided about what to
do. In another case, the groundwater license was part of a deceased
estate and is now in the hands of a trustee company, while in
another, non-usage appeared to be due to insolvency of the
license-holding business. The range of individual circumstances
is large.
Some participants in the focus groups hold water in excess to
their needs (and available for trade) as a result of obtaining generous allocations prior to regulation being introduced. For some
license holders, the large groundwater holdings represent shrewd
property purchases that came with good groundwater licenses.
Mention was also made of being in a development or expansion
stage on their farm, so surplus water would be utilised
after developments were completed. Another license holder
noted that his bore was supposed to deliver 8ML/day, but it
was found to deliver only half the expected volume, so accessing
the full entitlement was not possible without the cost of additional bores.
In many cases, the groundwater license is an adjunct to the
business; which is often not dependent upon it. Dependency is
higher in rain-fed only areas, with one dryland grazing farmer currently relying on their only irrigation bore for stock water for the
whole farm after other stock bores had dried out. Those in irrigation areas with conjunctive groundwater and surface water supply
were very aware of the comparative value of both sources and the
benefit of their groundwater supply.
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4.3. Attitudes to groundwater trading
The study found that all survey participants were aware that
groundwater could be traded, 75% have considered selling some
and nearly 40% had successfully traded some water. All license
holders gave the impression that they were not opposed to
groundwater trading and many recognised the opportunity it
afforded them, with comments such as ‘it’s an asset you can use
to manage your business’ (Katunga area); ‘We have thought about
selling part of it permanently to fund repair of the bore’ (Katunga
area); and ‘it brings us $5–6000 a year, which covers the cost of holding the license each year, which is why we decided not to sell it permanently’ (Campaspe area).
Most license holders were happy to consider selling their entitlement on a seasonal basis, but there was not strong support for
permanent trading of entitlement. Only eight said they would consider permanent trade, with most citing the retention of the entitlement with the property in expectation of realising better
valuation at future property sale. Such comments support
Bjornlund (2003), who had observed for surface water holders
the perception that selling their water permanently eroded the
capital value of their property. Some license holders highlighted
the value of groundwater due to uncertainty over future rainfall,
and the dilemma over selling was highlighted with comments such
as ‘it would be short term gain over long term pain’ or ‘so selling the
water off now compared to keeping the water as an asset for later on is
the issue.’ (Campaspe Area).
For a couple of properties at least, the license holders said they
were in an expansion phase and so would not sell any water at present. Most were happy to consider selling water on a seasonal basis
but noted the difficulty of finding buyers. Another highlighted her
reluctance to sell on the basis that using it all this year could put
next year’s allocation at risk. Another who had traded in previous
years said ‘If a neighbour said they were going to be short and you
could do it over the phone quickly and cut red tape to get a quick
response (because the need for water is a short term thing) I would,
but I don’t intend to do anymore selling because there was so much
red tape and process to it, a lot of formality over it, complicated’. (Loddon Highlands).
Another license holder indicated that groundwater trading was
not an urgent issue and said about trading ‘No, it’s just that we are
unaware of how to go about it, and with both my wife and I work
fulltime, we just haven’t had the mental energy to think about it’
(Campaspe area).
4.4. Concerns about groundwater trading
Concerns raised about groundwater trading included:






Potential impact on existing users
Finding someone to trade with
The time it takes to process trade applications
Management rules that limit where groundwater can be traded
Water quality and yield.

Participants expressed concern about the possibility of
increased resource use that might arise from trade. They mentioned concern about the potential for restrictions to become more
frequent, or for decline in levels to impact on domestic and stock
users. The shift of productive irrigation water away from their district, causing loss of community and local economy was also
highlighted.
The small size of the market was also a central theme identified
in the three focus groups, by water brokers and in many phone
interviews. Descriptions such as ‘small customer base’, ‘limited
market’ and ‘small market’ were mentioned in respect to the diffi-

culty experienced in accomplishing a trade. People also mentioned
that they had experience of listing water for sale but of getting few,
or no responses, with one holder noting ‘. . . there should be a centralised place where everyone can go to see what water is available’.
Focus group participants in the Campaspe Area were aware of
the internet based ‘noticeboard’ on the Southern Rural Water
Authority (SRWA) website called ‘Watermatch’3 which allows
license holders to place sell or buy notices for parcels of groundwater. Both license holders and water brokers in the north of the state
said they would like to see it extended to cover the whole state, so as
to help address the difficulty of identifying opportunities to trade.
The time taken to process trade applications was identified as a
problem. One license holder spoke about a temporary trade to a
neighbour for use on a summer crop, but the approval process took
so long the opportunity to plant the planned crop was missed.
Another license holder described how it took over 8 weeks to get
approval for a temporary trade. Water brokers also discussed their
experiences with the time taken for groundwater trade approvals,
especially when compared to surface water trades. One broker
experienced six months for a permanent trade to be finalised. Several license holders mentioned their recent trading experience as
being a complicated process that took a long time to complete
(especially in comparison to surface water trading). However,
some of these concerns can be related to trade inexperience, with
those having successfully traded expressing the view that it was
not particularly difficult once you knew what was involved.
There was some experience of trading difficulties or refusals
due to trade restriction zones or intensity of development rules.
Two focus groups discussed similar frustrations about the restrictions placed on trades into two intensively developed areas in
the Rochester and Warrnambool areas, yet the same people also
acknowledged the need to provide protection for existing license
holders against falling groundwater levels.
Geographic constraints on availability were illustrated by
license holders comments such as ‘Well, I wouldn’t mind temporarily
trading it, but I’m stuck in an area here where there aren’t any other
irrigators of any size that need it – I can only trade in my own area’
(Loddon area), or ‘ . . .we were told we could only trade it with someone in the same level in the aquifer and apparently there is not a lot of
people in our area that are in that category’ (Loddon Highlands). In
both the Warrnambool and Rochester intensively developed areas,
groundwater management plan ‘extraction intensity rules’ placed
restrictions on inward trades for some license holders. One commented ‘. . .in the rules, it (a trade) must not affect a neighbouring
bore, so if there is a conflict, a hydrogeologist’s report whether it is safe
to draw or not is needed, so it is a complicated problem to deal with.
That’s the lock up’ (Campaspe area).
One license holder did identify a potentially positive result from
trading, suggesting that if trades resulted in usage moving away
from his own vicinity, it could help to secure his supply by reducing local drawdown impact. Another noted he had few concerns at
the moment because he was aware that a large number of irrigation bores had ceased being used when an irrigation area closed
down due to the drought, thus reducing overall extraction from
the groundwater resource.
In many northern Victorian groundwater supply systems, there
is also a high risk that the salinity of groundwater is too high for
many uses, with some study participants saying it was an impediment to developing a groundwater supply and trading. One farmer
spoke about how he had been on the cusp of investing $250,000 on
a new bore, pumps and centre pivot four years ago, but didn’t proceed when advised that regular use of the 1300 ppm groundwater
3
Since the interviews, a statewide ‘Watermatch’ online noticeboard (https://www.
watermatch.com.au/index.php) developed from the original SRWA one, started
operating in 2016.
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may result in soil problems. Another license holder voiced similar
concerns, citing the risk of drilling a bore and finding the water
salinity was too high for the intended use. Drilling and finding
insufficient aquifer yield was also noted as a significant risk for
someone contemplating setting up a new irrigation development
in areas without proven yield.
The salinity of groundwater was noted in discussion with several license holders, especially in the northern end of the Campaspe and Loddon valley aquifer systems. One suggested that
trade may be slow because farmers are cautious about the salinity
of groundwater and prefer surface water if it is available. Another
two license holders (an urban supply authority and a poultry producer) mentioned that their groundwater is not used when surface
water is available due to the salinity of their groundwater supply,
and noted the need to remove salt using reverse osmosis plants.
Nevertheless, because of the essential reserve role that the groundwater played, they could not consider permanently trading their
entitlement away.
4.5. Groundwater costs and returns
The high costs of developing, maintaining and operating a
groundwater irrigation supply bore were discussed at the focus
groups. At Warrnambool, comments highlighted the effect of high
establishment costs on entry to farming ‘. . .but new entrants won’t
get into water trade because it is too expensive to buy water and set up
infrastructure’ and ‘The problem is, as groundwater gets up in price,
the infrastructure costs are also now astronomical compared to what
it was a few years ago’.
In discussion about capital costs of finding, then developing an
irrigation bore, one irrigator noted that even the initial exploration
for a suitable bore site can sometimes be very high, saying they
drilled 20 test holes before settling on the best site. People mentioned costs of $56,000 to over $300,000 to find and install a production bore and equip it. One Rochester focus group participant
highlighted the difficulty of financing such developments: ‘By the
time you’ve spent $200,000 to put the bore down, then you go and find
somebody that will sell you the water, and the bank doesn’t want to
lend you the money against the water, you’ve got to have a lot of
money in your pocket to start out from scratch’.
Bore owner estimates of the costs of pumping groundwater give
a median energy cost of $50/ML. Annual water authority licensing
costs equate to approximately $10/ML. In respect to maintenance
costs, survey participants (n = 9) talked about how much failed
bores and pumps have, or would cost to repair, and suggested provisions for maintenance and licensing costs at around $30 per ML.
Based on respondents’ estimates, the typical cost to apply groundwater to crops was a median of $65/ML.
The influence of commodity prices on groundwater use and
trading decisions was mentioned in all the focus group discussions
and in many phone survey conversations. Two notable comments
are ‘I can’t justify paying $300/ML for water to grow pastures . . . My
background is agronomy and I deal with dairy farmers on a daily basis,
so I know that with milk only at $6/kg (milk solids), can’t afford water
above $1500 (Katunga) and ‘It depends what you’re prepared to accept
in return, so when I was leasing water at $150 ML, it is going to be
$200 by the time I use it, so I’m better off using less and buying some
hay in, - and milk only gets to 60cents/litre in the premium part of the
year ’ (Warrnambool).
Surface and groundwater-supplied irrigators (conjunctive
users) were well aware of the comparative costs of bore water
and surface water and would use the lowest cost water available
to them. Irrigators would purchase temporary surface water if they
deemed it to be cheaper than the cost of pumping their bore water,
e.g. ‘I will only use bore water if channel water is considerably dearer.
I’ll try and use as much surface water as I can and only use bore water
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when I have to, so when channel water is only $20/ML more than what
I can pump it for, I’ll use channel water’(Campaspe).
5. Discussion
5.1. Groundwater trading and farm profitability
Costs and returns play a big part in the thinking and actions of
groundwater license holders in regard to groundwater use and
trading, because irrigators are unlikely to enter into a water trade
if they expect to be worse off financially afterwards.
Data gathered from the interviews and from other published
sources were used to compare:
 the annualised total costs of accessing the groundwater
resource,
 the marginal costs of accessing additional groundwater by
existing users (for whom development costs don’t apply),
 the cost of acquiring additional high reliability4 surface water
(as an alternative source of irrigation water for conjunctive
use), and
 the ‘use value’ of water in irrigated agriculture.
5.1.1. Annualised total costs of accessing the groundwater resource
The cost of accessing groundwater was calculated as the equal
annual cost (EAC) per ML pumped to surface for irrigation supply
in Victoria’s main irrigation areas (for method, see Appendix C).
Costs were evaluated for a 20 year period at a real discount rate
of 4.5% and include the initial capital and installation costs for
the bore and an electric pump, annual running costs, and maintenance, trade transaction and fixed and variable groundwater
license costs (Goulburn Murray Water, 2016). The EAC has been
calculated for a purchase volume of 380ML of permanent groundwater entitlement (which is the average volume of entitlement
held by active irrigators in the northern Victorian groundwater irrigation GMAs) as well as for the average annual usage for these
same active irrigation license holders, which is 238 ML.
Figs. 3 and 4 show the EAC per ML of groundwater pumped for
the 2 different scenarios of average annual usage and average entitlement volume respectively. Across the x-axis are three permanent trade purchase prices of $500, $750 or $1000/ML and across
the z-axis, three capital costs of bore and pump installation. The
main point to note is that the cost of each ML of irrigation water
nearly doubles across the purchase price and capital cost range.
The impact of higher pumping head (for example 40 metres
instead of 30) makes marginal difference to the long term water
cost, adding only up to $12 per ML to the EAC. Based upon energy
costs (electricity) and fixed water management charges, the annual
ongoing cost component for the lower average annual usage volume ranges from $44 on the lowest cost development to $60 on
the most expensive EAP option ($1000ML trade cost and
$300,000 development cost).
5.1.2. Marginal cost of additional groundwater for existing
groundwater user
An existing groundwater user wishing to increase usage beyond
current entitlement levels (recorded trades are typically about
100ML) using an existing bore and pump with spare capacity, is
concerned only with the purchase price of additional entitlement,
transactions costs, pumping costs and annual license and management fees.
The annualised cost of a $500/ML permanent entitlement purchase (over 20 years) is about $11/ML. Based upon current fees
4

High reliability refers to a permanent (ongoing) entitlement of surface water.
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production technologies employed on the farm, substitutes in
production (e.g. purchased feed) and the price of the product
produced.
The dominant agriculture use of this groundwater in Victoria is
pasture/fodder in milk production. Wheeler et al. (2014) and
Hughes (2011) derived $220 as the marginal impact of an additional ML of water on farm profitability for this land-use during
2007–2011, a time of extreme water scarcity and very high water
prices. Wheeler et al. (2008) concluded that dairy farmers would
pay up to $300/ML in the short-term to protect their long-term
investments in the dairy herd and milking equipment.

Fig. 3. Equal Annual Cost comparison for a new groundwater development ($/ML)
based on average annual usage of 238 ML and 30 metre pumping head.

Fig. 4. Equal Annual Cost comparison for a new groundwater development ($/ML)
based on average entitlement volume of 380 ML and 30 metre pumping head.

for a permanent transfer of license entitlement ($1074), the transaction costs per ML are marginal, but escalate for smaller volume
trades. Factoring in variable fees for accessing the groundwater
supply, resource management and energy costs, total additional
annualised cost of additional permanent trade groundwater is
about $65/ML.

5.1.5. Supply and demand
Across Victoria, groundwater license holders utilise from 0% to
over 100% of their available water volume in a year. Fig. 5 shows
the distribution of license holder allocation usage for the 5 study
GMAs in 2014–15. A sizeable proportion of license holders (22%
to 35%) in each area did not use any water, while those that used
most of their available allocation (over 90% utilisation) ranged
from 14% to 29% of license holders.
The need to trade groundwater is underlain by demand. Documented utilisation across the state shows that less than 5% of
license holders use all their entitlement each year. Only 16 of Victoria’s 52 WSPAs or GMAs recorded more than 40% usage of total
available water in 2013/14 (Cheng and Gill, 2015). As the study
area data shows above, less than one third of license holders
approach full usage, so there is insufficient demand to support
much trading need.
In order for trade to occur, there needs to be a pool of potential
buyers who need water to drive demand. The survey data certainly
indicate there are many willing sellers, but license holders who use
most of their entitlements tend to have sufficient water to meet
their needs, so only when they exceed their seasonal allocation
would they need to trade in order to ‘top-up’ their account. Evidence from water brokers indicated that this occurs more frequently in the Katunga area.
Alternatively, a license holder already using their full entitlement would need to have spare pumping capacity and additional
irrigation land if they were to take advantage of favourable water
and commodity prices and buy additional groundwater. The only
other potential buyers are people with existing enterprises seeking
to expand, irrigators seeking the drought security offered by
groundwater, or new developers who have suitable irrigation land
available and approval for new irrigation development.
5.2. Physical Impediments to trading

5.1.3. Cost of additional surface water for conjunctive users
For irrigators with access to both surface water and groundwater, it is important to compare the cost of purchasing additional
surface water with that of developing a new groundwater supply.
Records indicate the median trade price for high reliability surface
water entitlement in northern Victoria averaged $1625/ML over
the 5-year period 2010/11 to 2014/15 (Cummins, 2016). On an
EAC basis, this equates to $125/ML. Adding the water authority
fees (for infrastructure access, use, storage and drainage) which
amount to about $50/ML, additional surface water costs about
$175/ML/yr, against which groundwater development options
can be cheaper, provided the full entitlement is used.
5.1.4. Use value of water in irrigated agriculture
The use value of irrigation water, also known as the value of the
marginal product (VMP), is the addition to the gross income of the
farm business resulting from an additional unit of irrigation water.
The VMP is unique to individual farms, as it depends on the

5.2.1. Bore difficulties
The study has found that sleeper licenses exist for a variety of
reasons, but one fundamental reason for non-use is that bores
and pumps are farm assets that wear out and fail. In situations
where the bore has failed, the high cost of repair can be a major
impediment to further use, as indicated by several older irrigators.
While the survey found several examples of entitlement sales
by owners of failed bores, most were temporary trades on a seasonal or 5 year lease basis. Failed bores were obtained as assets
with property purchases in several cases, with owners having various plans for the future use of the groundwater, but low likelihood
of permanent trade away from the property.
The physical location of successful bores may not always be
convenient for an existing farm irrigation lay-out or power supply,
adding to development costs. In addition, irrigation bore and
pump systems are generally only constructed large enough to
extract the available entitlement, so few groundwater irrigators
are likely to have spare capacity in their established bores to make
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Fig. 5. Distribution curves for each study area showing the percent of allocation used for each license holding. Note due to data availability, 2014/15 year data used for 4 areas
except Warrnambool, which is 2012/13 data. Usage above 100% is due to a small number of license holders who may have purchased additional water, or were able to utilise
carry-over volume. (Usage data from Goulburn Murray and Southern Rural Water Authorities).

opportunistic use of a seasonal trade volume, or be able to substitute more groundwater for surface water in dry years without further capital outlay.
5.2.2. Water yield and salinity
High yielding, low salinity aquifers suitable for irrigation supply
occur under only a small part of Victoria. While the GMAs in this
study can be considered as examples of the best aquifers for irrigation in the state (Fig. 2) even within these relatively well developed
and explored aquifers, water quality and yield are variable enough
to have been cited by respondents as concerns that could impede
groundwater development and trading.
5.3. Administrative impediments to trade
The demands of equitable groundwater resource management
have imposed rules, regulations and administrative requirements
on license holders (Gill et al., 2014). Two sets of regulations influence trading: (1) rules relating to the management of third party
impact; and (2) rules relating to management zones.
In regard to third party impacts, a water authority is required to
assess the potential impacts of a trade on existing groundwater
users and the environment to determine if the impacts are acceptable. These assessments incur costs in both time and money. On
the one hand, study participants identified when they had been
impeded by these requirements, but they also appreciated that
the rules provide them with protection from adverse impacts of
trades.
Requirements imposed in regard to management zones are
mainly related to the need to manage overall water usage within
total resource allocation limits, as well as to manage drawdown
in areas where there is a high density of groundwater pumping.
For prospective trades, the rules have prevented some trades
occurring between some areas, or in other cases, trades may
require an assessment to be made, again imposing time and cost
on potential transactions.

5.4. Social Impediments to trade
The stage of life and farming circumstances of each license
holder can be a trade impediment. For example, a license holder
already fully utilising a bore, or one expanding farm operations,
is very unlikely to trade water away. On the other hand, a license
holder with a bore license no longer used is quite prepared to lease
groundwater, but unlikely to permanently trade groundwater separately to the property due to the strongly held perception of the
value of groundwater retained with the property.
Overall, acceptance of groundwater trading was quite high,
with no participants opposing it on principle, although several
key themes of reservation were expressed. While seasonal trades
were broadly accepted, permanent trading was viewed far less
favourably. Selling groundwater separately to land elicited a predominantly unfavourable stance, and many license holders perceived that increasing trade could negatively impact on future
water levels and lead to allocation reductions in drought years.
While the opposition to permanent trade could conceivably limit
opportunities for new irrigation developments, the broad acceptance of trade perhaps indicates some fluidity in these beliefs, so
that now trade has been enabled, increased familiarity and experience with trades might make this opposition fade over time.
5.5. Economic Impediments to trade
The previous cost information provides bounds within which
groundwater is likely to be traded by both new and existing
groundwater users for an irrigated dairy farm and delineates a
decision-making framework. For a farm that has access to both surface and groundwater that are perfect substitutes in production,
the marginal value of this water in dairy fodder production is about
$220/ML, as previously discussed in Section 5.1.4. Depreciated
groundwater costs about $60/ML, so acquiring groundwater in
temporary trades can be viable, but it can be prohibitively expensive (over $200/ML) at high trade prices, high development costs
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and low utilisation rates (see Fig. 3). High cost groundwater constitutes a significant barrier to trade, especially when high reliability
surface water entitlement is competitively priced at about $175/
ML. Furthermore, it may be cheaper for dairy farm irrigators to
buy in supplementary feed rather than irrigate for fodder production, depending on the relative cost of substitute feed-stuffs.
Existing groundwater users, for whom the capital cost of their
existing groundwater supply infrastructure is already depreciated,
can acquire groundwater at about $65/ML (Section 5.1.2) assuming
no diseconomies due to pump capacity limits or increasing water
table depth. Therefore they can be more active in the groundwater
market, as farm profitability can be increased by expanding the use
of groundwater.
Groundwater license holders in this study would appear to be
well aware of the costs and benefits of groundwater and are constrained within these valuation bounds. In the absence of a higher
value industry entering the groundwater market (such as horticulture), most trades in Victoria will be between dairy sector participants, which places limits on trade opportunities within
geographically and commodity limited groundwater trading areas.
5.6. Addressing Impediments to trade
The findings from this study show that license holder decisions
around groundwater trade are influenced by a complex mix of circumstances that are a product of the interactions between human
behaviour, economics, groundwater resource management needs
and the uncertainty of the groundwater resource. The factors that
influence license holder trading decisions are essentially in two
sets – those that are tied up with the license holder’s circumstances, and those that are tied to administrative and resource
management needs. Governments and agencies have little potential to influence the former, so should focus any efforts at the latter
through addressing policy issues that have potential to increase
trading rates.
Within a fully allocated aquifer system, increased groundwater
utilisation will only result from increasing usage by existing users,
or through increased groundwater trade. The key suppliers of
water for the market will be low use license holders deciding to sell
the unused portion of their allocations, and buyers will be either
existing users expanding their farming business, or new investors.
The following sections discuss options for government and groundwater resource managers that focus on variables they can influence, such as the underlying legislation and rules of trading, and
the administration of trading.
5.6.1. Legislative changes
Changes to groundwater management legislation are difficult to
make because of the need for very sound supporting reasons, overriding benefits and protection against adverse consequences.
Results from the interviews highlighted that management boundaries can prevent trades and limit the size of the market. Removing
these zone and boundary restrictions has potential to increase the
size of markets, especially across state borders, but underlying theoretical, conceptual and water resource management implications
make this very difficult.
At a theoretical level, a groundwater license is simply an agreement between the state and an individual that allows them access
to an agreed volume of groundwater. In a capped and fully allocated resource, a seller and buyer may exchange that entitlement
through the state by way of trade. In theory, trades could be
allowed anywhere, but in practice are subject to state trading rules
and management plan conditions.
One of the greatest impediments to trading is that most well
developed irrigation areas are fully allocated, so additional entitlements cannot be released because license holders may wish to

extract their full entitlement each year. Because of this, authorities
are unable to release this unused water, even though recorded
usage data indicates that it is very unlikely that all license holders
will use their full entitlement in one season. Amendments to this
allocation policy could allow usage to increase by the issuing of
temporary excess entitlements. This could allow trade volume into
the capped management area until a set usage limit is reached, or
until trade out brings it back to the limit.
It would be difficult to change legislation governing ownership
of groundwater licenses in order to penalise the holding of water
that is unused. Due to the value associated with the property rights
that water holdings now represent, the need for any form of
government-imposed incentives to trade would seem to be premature. Indeed, any sort of coercive pressure in the form of higher fees
for sleeper licenses, or some type of ‘use it or lose it’ policy, would
not be received well by license holders and be politically very difficult to impose. License holders are now very well aware that their
water rights are a valuable asset to their farming business and the
annual license charges imposed on water holdings currently provide a clear price signal for holding an asset that is not used.
As an alternative to one-to one trading arrangements (i.e.
license holder to license holder), the possibility of establishing a
seasonal exchange pool should be investigated. This could address
the difficulty of individual buyers and sellers needing to find each
other and free up unused allocation each season. For example, a
seller could offer a volume of their unused water into the pool at
a price they will accept, and buyers would bid for the volume they
want at the price they are prepared to pay. Enabling legislation
would need to be based upon an investigation of how such an
exchange would work and who would manage it.
5.6.2. Administrative changes
Government and Water Authority actions to support increased
trade activity could include provision of improved information
and support services, buyer and seller noticeboard facilities and
include trade information with license renewal documents, as well
as finding ways to reduce trade restrictions and raise administrative efficiency. In order to improve trade information and administrative support, the study findings suggest the following:
 Enabling all participants (including brokers) to be able to post
groundwater ‘for sale/wanted’ notices on a virtual trading post
would increase trading possibilities by maximising exposure of
market participants.
 Assisting license holders to understand what rules would apply
to their holdings could help additional license holders to commence trading.
 Open and clear communications to license holders about the
resource condition and good management of third party
impacts will influence trading decisions and instil confidence
to the market.
 Minimise the time taken to process trade applications, reduce
complexity of rules and ensure transaction costs are as low as
necessary.
5.7. Future drivers of trade
Substitution of groundwater for surface water as a means to
increase security of supply could encourage more trade, especially
under drought conditions or due to increasing surface water prices.
Most conjunctive water supply license holders already realise the
value and benefit of a secure groundwater supply, although
groundwater salinity can be an impediment to the substitution of
groundwater for surface water in many areas, for example at the
low elevation ends of the Katunga, Campaspe and Loddon groundwater systems.
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Increasing surface water prices are currently being observed in
the northern Victorian Water market as a result of strong investment in new horticulture developments (almonds). Dairy industry
groundwater license holders could sell surface water to higher
value users and substitute groundwater in conjunctive supply
areas if high reliability surface water supply rises by 20% above
the 5-year average trade price of $1625/ML (EAC of $190/ML).

6. Conclusions
The results presented in this paper are drawn from a substantial
amount of information obtained from interviews with over 50
groundwater license holders and five water brokers. The significant
number of low volume, or no usage license holders in the study has
enabled us to gain some valuable insights into an important group
of people who hold a substantial amount of Victoria’s potentially
tradeable groundwater resource.
Successful groundwater trades occur when the many variables
involved favourably line up: trade price agreement; favourable
third party impact management circumstances; a buyer with spare
pump and bore capacity; suitable timing; favourable and timely
advice; farming and decision making confidence; surface water
not a viable option; and (for permanent trade) suitable aquifer
yield and salinity; sufficient capital, and desire for drought
security.
Because groundwater trading is still a relatively immature practice operating in a small market, the current level of trading activity is probably reasonable, especially given the complexities
involved. License holders are very aware of economic factors,
which play a large part in groundwater usage and trade decisions.
For the dairy/fodder irrigation sector that uses the majority of Victorian groundwater, the market has fully costed groundwater,
especially in the absence of other higher value commodity market
participants.
Overall, license holders are quite supportive of trade and rates
are starting to lift. However, license holders are also a very diverse
group and their decisions in regard to trading are driven by a large
number of factors and variables. While improvements to trade policy may favourably influence some of these variables, increased
utilisation rates are unlikely to be dramatically changed by policy
improvements alone when other barriers remain. Gaining deeper
insights into these other barriers needs further work, using social
research methods to try to tease out whether trading reticence is
really a product of economic, procedural issues and the novelty
of trade, or more a result of closely held concerns that trade liberalisation could lead to further loss of water resource security.
However, with low numbers of license holders willing to consider permanent sale of their allocations separately to sale of their
farms, the opportunity for new development to occur or for
groundwater to substitute for surface water for improved drought
resilience in the near future is limited. Especially when combined
with the difficulties in obtaining finance, the risk new entrants or
developers face is high when so much capital is required on an
uncertain water supply.
Improved policy, investigation of a trading pool for unused
water, improved administrative process and better information
could increase the probability of trades occurring, but not alter
an underlying inertia caused by high development costs, slow rates
of land tenure change, low commodity prices, interference rules,
water price volatility and fundamental belief that retaining water
with land maintains land value and provides drought security.
These factors suggest groundwater trading is unlikely to ever result
in full allocation usage every year, even if it was technically and
administratively possible to do so.
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Appendix A. Interview guide questions.

Focus group meeting guide questions:
 Trade, both permanent and temporary, has been available
since management plans were developed 5–10 years ago.
Has anyone used this?
 Why or why not?
 Why do you think it has not been taken up more widely?
 What do you think should be done with unused water?
 Do you think unused water should be made available to
other users?
 Trading is voluntary, but do you think there are other ways
to make water available to potential users?
 Do you think water authorities should be able to temporarily re-allocate water without compensating the license
holder?
 If unused water was released back into the pool for temporary buyers, how could any revenue generated be used?
(e.g. would it be acceptable to use it to help cover costs
of groundwater management plans, or monitoring costs)
 Can you think of any safeguards around water trade (both
temp. and perm.) that would need to be put in place? (to
individuals, or for the resource)
 Do you think that competition between farmers plays any
part in limiting trade?
 In the earlier days, some groundwater licenses were quite
large. Do you think there are some allocations that were
too large to realistically pump out and use by that
licensee?
 How could Groundwater users be re-assured that the system is not being overused?
 Management plans allow for ‘carry-over’ (a% of unused
allocation from one year can be used in the next). Has anyone used this? Do you think it is a good idea? How widely
do you think it has been used?
 Do you think the prices being asked for temporary water
are realistic?
 What about permanent water?
 Does anyone irrigate with surface water?
(continued on next page)
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 Does this make any difference to how you use or think
about groundwater?
 Any other thoughts on groundwater trade that have not
been covered?

Semi-structured interview questions:
 Please tell me about your groundwater bore:
How old is it?
Did you install it, or was it with the property when
purchased?
Is it currently operational?
Is it the only bore you have?
When did you use it last?
 Do you know the salinity of the water? If so, what is it?
 What is the licensed volume of your bore/s? (ML)
 Is the bore capable of delivering that amount?
 Did you use it during the drought years (2005–2009)
 What crops do you irrigate with it?
 Can you estimate what it costs per ML to irrigate with your
bore water? ($ per ML)
 When do you think you will use it next?
 Do you also have access to a surface water irrigation supply system?
Questions about trading groundwater















Are you aware that you can trade groundwater?
Have you considered selling any of your allocation?
Would you consider temporary trade (i.e. annual trading)?
What about permanent trade?
What concerns might prevent you from offering any of
your water for trade?
Can you think of any problems that could arise from
increasing groundwater trade?
Do you know what costs are involved in selling or buying
groundwater?
Would you use a water broker?
What information do you think you need before you would
consider trading?
What do you think about separating groundwater licenses
from land?
Do you think the future outlook for groundwater use in
irrigation is positive, or negative?
Do you think GMW and Government know enough about
the groundwater resource system and manage it well
enough to allow trading?
Any other thoughts on groundwater trading?

Groundwater Trading Questions (for Water Brokers)
 How many groundwater trades have you seen successfully
completed?
 How may sellers and how many buyer enquiries have you
had?
 Are the numbers even or biased to one or the other?
 Do they tend to be for permanent or temporary trades?
 Compared to surface water trades, what would you estimate the% of groundwater trades to be?
 Do you think enquirers are generally aware of the rules
around groundwater trading?
 How comfortable are you with advising enquirers about
the rules that apply to groundwater trading?

 Do you think the RWAs are well equipped to handle
groundwater trades?
 What do you think needs to be improved to make trading
easier?
 Are sellers expectations for $/ML realistic. What about
buyers and the price they are prepared to pay? (both temporary and permanent)
 How do the prices for surface water and groundwater compare? Are they comparable?
 Do you think it would be good for some of the unused
groundwater to be released to a pool for buyers to bid
for each season?
 Any other thoughts not covered?

Appendix B. Quantitative data about the 36 respondents in the
phone survey.
QUESTION:

Responses

How old is your bore?
(median:oldest:
youngest)
Did you install it?
With the property on
purchase?
Is it currently operational?
Is it your only irrigation
bore?
When did you use it last?
Do you know the salinity
of the water?
If so, what is the salinity?
(ppm) (median: low:
high)
What is the licensed
volume? (ML)
(median: average: range)

1985

1967

2015

19 yes
17 yes

15 no
17 no

2 n/a
2 n/a

21 yes
27 yes

13 no
5 no

1 n/a
4 n/a

15 in use
24 yes

13 > 1 year
7 no

8 n/a
5 n/a

1380

400

> 4500

212

335

19 yes

14 no

112–
1000
1 n/a

18 yes

12 no

6 n/a

Pasture
(incl.
dairy)
Summer
crops

12

Winter
Crops
Potatoes
Lucerne
Tomatoes
Feed
canola
Industrial
use
Urban
Intensive
animal
S&D
(stock and
domestic)

6

Is it capable of delivering
that amount‘‘?
Did you use it in the
drought years?
What crops are (or were)
irrigated/or usage?
(Note: n is >36 due to
more than one crop or
use in some cases)

7

3
7
1
1
2
1
2
3
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Appendix C.

Appendix B. (continued)

QUESTION:

Estimated annual cost per
ML to irrigate?
When do you think you
will use it next?

Access to surface water as
well?
GMA area:

Questions on trade in
groundwater:
Are you aware that you
can trade groundwater?
Have you considered
selling any allocation?
Temporary trade?
Permanent trade
considered?
Have you successfully
traded any
groundwater?
Do you know the costs in
selling water?
Would you use a water
broker for your trading?

Responses
Not used
Recreation
$30– $200,
median:
$65
This
season: 18
Not sure:
18
Yes: 22

A discounted net cash flow budgeting was used to quantify the
equal annual cost (EAC) of acquiring a ML of groundwater by a new
groundwater user. The EAC is the annualised value of capital as
well as future recurrent costs discounted to present-day (year
zero) values. The discounted value is also known as the present
value (PV).
The PV was calculated according to the following formula:

4
1

PV ¼

n
X
C t =ð1 þ rÞt

ð1Þ

t¼0

No: 14

where:

Loddon Highlands: 7
Mid Loddon: 8
Campaspe: 12
Katunga: 9

 C represents the costs incurred in each year (t), in real 2015/16
dollars. These include the initial installation and capital costs
for the bore and an electric pump, annual running and maintenance costs, application fee for a Take and Use Groundwater
license, the purchase of permanent groundwater entitlements,
and annual charges that apply to groundwater licenses issued
by Goulburn-Murray Water.
 r is the interest rate per year (t); i.e. the opportunity cost of
investing in another use, expressed as a decimal.
 n is the period of analysis.

100% Yes’s
27 yes

8 no

30 yes
8 yes

5 no
27 no

14 yes

22 no

The EAC per ML of groundwater pumped was then calculated as
follows:



EAC ¼
18 yes

17 no

1 n/a

28 yes

5 no

3 n/a

PVr
1  ð1 þ rÞn


V

ð2Þ

where:
 V is annu.al groundwater usage
Usage data from the four phone survey areas for the high use
season of 2008/09 provides a guide to typical entitlement and

Fig. A.1. Representative cumulative distribution function of the annualised groundwater acquisition costs for a new groundwater user ($/ML).
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actual usage volumes for irrigation bores. Assuming active bores
are successful developments, the subset of bores (n = 213) that
pumped above average volume in the season had a median usage
(metered volume) of 238Ml per bore. The median entitlement volume for the same subset of bores was 380Ml per bore.
Initial bore installation and capital costs were parameterised
based on findings from the grower survey. Groundwater users said
that a new irrigation bore, completed and ready to pump, can cost
between $100,000 and $300,000. This total includes the $1459
license fees to construct the bore.
The gross annual energy requirement (kW) depends on the flow
rate, the total pumping head, pump and motor efficiency (Robinson
2002, p15). We assumed two flow rates. The first was 3.4 ML/day
based on representative annual usage of 238Ml over 70 days, the
second was 5.4 ML/day based on annual usage of 380 Ml, equivalent to representative entitlement levels. We assumed two pumping heads of 30 m and 40 m. In calculating costs, we used an
electricity tariff of 25 c/kWh.
Annual maintenance required to keep the system operational
and in good order after its installation was assumed to equal 1%
of initial cost for the bore and pump.
There is currently a limited amount of price information for GW
license trades on the Water Register, so those used in this analysis
were based on discussions with users. Permanent trade prices
recorded and discussed suggest a price range from $500 (realistic)
to $1000 (aspirational) per ML.
License application fees and annual charges that apply to
groundwater licenses are for 2015/16 as published by GMW. The
application fee is $1520. Annual charges comprise a service fee of
$110 per license, a service point fee (large) of $320, an access fee
of $90 plus $1.60 per ML of entitlement, and a resource management fee of $4.59/ML of entitlement. Based on an average entitlement of 380ML, the total comes to $2876 or $7.60/ML of
entitlement.
A real discount rate of 4.5% was used based on a 3% cash rate
plus 3% allowance for risk (total 6%) less 1.5% for inflation.
We assumed a 20 year time horizon; this being the effective life
of the electric motor.
Note that the results are sensitive to assumed annual groundwater usage. Fig. A.1 shows the representative cumulative distribution function of the EAC for a range of annual usages over the
planning horizon represented by a triangular probability distribution centered on a most likely value of 283 M. Capital costs
$200,000, and pumping head 40 m.
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Chapter 5
Discussion

3-Dimensional Hydrogeology and Groundwater Resource Management
As stated in the introduction, in comparison to surface water, groundwater tends to be
somewhat mysterious, and because it is hidden from view, experts, stakeholders and managers
all have their own mental images of what their groundwater resource looks and behaves like.
Keys to understanding a groundwater resource include:


The physical dimensions of an aquifer.



The geological materials that comprise and bound the aquifer.



The physical location of the aquifer.



The configuration of the aquifer system.



The likely recharge areas and flow paths.

3D conceptualisations and visualisations of aquifers and aquitards provide a new means to
investigate and define these 5 key aspects of a groundwater resource, to better develop a
shared understanding of groundwater, and most importantly, provide a better way to bring the
hidden thinking and conceptualisations that occur inside a hydrogeologist’s head out into the
public realm. Being able to conceptualise the system and then share those understandings with
a broader audience are fundamental improvements enabled by 3D hydrogeology methods.
Having created 3D models of an aquifer system of interest, delineation of the water resource
by quantification of the aquifer volume, recharge area and natural discharge becomes easier
because the physical dimensions involved are easily computed from 3D geological software
such as GoCAD. In Gill et al. (2011) we were able to calculate key parameters for the Upper
Loddon aquifer to underpin a mass balance model that gave confidence to the estimates of the
groundwater volume and fluxes in and out of the aquifer. As Victoria’s groundwater resource
management systems are predicated upon quantification of a nominal ‘sustainable yield’, our
paper demonstrated that a 3D model of the geology of the aquifer was able to greatly reduce
key uncertainties about the physical attributes of the system, thus it was possible to reduce the
uncertainty around sustainable yield.
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A more holistic approach to Groundwater Resource Definition and Management?
Gill et al. (2010) documents how 3D mapping of key water supply aquifers and 3D
hydrogeology would enhance the concept developed by Kennedy (2007) of a Groundwater
Resource Classification and Reporting Code (GRCRC). In essence, the GRCRC borrows
concepts from the minerals and hydrocarbons industries that are the basis for defining their
exploitable resources to promote consistency and transparency in their stock-market reporting
requirements.
For groundwater purposes, providing more certainty about a groundwater resource to both
managers and investors (groundwater users) could follow the same principles as applied to the
mining industries. The following are the groundwater-focussed meanings given to the three
guiding principles used in mining industry reporting:
Transparency: A groundwater resource needs to be explained and presented in a clear and
unambiguous way such that stakeholders are not misled.
Materiality: Reporting of a groundwater resource must provide sufficient supporting
information so that stakeholders can make a reasoned and balanced judgement about the
validity of the report.
Competence: Professional persons making groundwater resource reports should be
appropriately qualified and experienced, and subject to a professional code of practice.
In minerals reporting, it is recognised that there is a staged improvement in delineation of a
resource as more data, analysis and reliability is generated over time. This enables investors to
have increasing confidence to invest. For groundwater resource reporting, the same principles
can apply. A key aspect of the design of a code for minerals or groundwater is the use of
specific terminology that refers to particular stages of the delineation of the resource. The
following schematic shows the staged structure of the proposed GRCRC code for
groundwater.
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Figure 1. A schematic diagram showing the groundwater resource reporting protocol having a staged
approach to increasing certainty of the resource (after Kennedy, 2007).

Aquifer Systems and Groundwater Resources are each classified into three and four
categories (respectively) depending upon the level of confidence in the water resource
estimation and the level of management achieved by the authority and community concerned.
Within aquifer systems, the three levels are described as:
Identified Aquifer - characterised by the identification of an aquifer and some features of the
aquifer, but overall knowledge, data extent/reliability, monitoring/sampling availability and
estimate confidence is generally low;
Measured Aquifer - characterised by an aquifer and associated interactions/features that are
well measured. That is, there is a reasonable monitoring network in relevant locations, and
there is an appropriate sampling program. Overall knowledge (data density/reliability, aquifer
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parameters, fluxes and estimated confidence) is of a reasonable level. This is the measurement
phase of aquifer system understanding;
Quantified Aquifer - characterised as an aquifer and associated interactions/features where
there is a high level of confidence in estimation and overall knowledge of the system, well
defined fluxes, extensive, highly reliable data, and a supporting intensive monitoring network
and sampling program.
Within Groundwater Resource, the four levels are described as:
Conditional Resources – where there is an existing use of groundwater, but little is known
regarding the system or potential impacts, so access to groundwater is predominantly managed
by simple licensing conditions;
Defined Resource – with increasing allocations and access, a management area is defined and
access to the resource is managed, and there is some knowledge about water use and the
hydrological system;
Established Resource – water management planning occurs, there is a substantial amount of
knowledge about water use and the hydrological system, and access to groundwater becomes
established and stable;
Cooperative Resource – groundwater use and access within the area becomes cooperative,
requiring a high level of understanding of community water use, socio-economic drivers, the
hydrological system and a coordinated approach to risk management.
A clear distinction is drawn in the terminology between the theoretical volume of groundwater
present in an aquifer (Aquifer system) and the volume of water available for use (Groundwater
resource, Figure 1). This is akin to the petroleum industry concept of recoverable resource,
whereby a reservoir may contain an estimated total volume of oil, but due to practical issues,
only a portion can be extracted. Of course, the key difference is that mining depletes a
resource forever whereas the goal of groundwater resource usage is to use only a portion of
the replenished resource.
An Aquifer System starts out at the least certain level as simply a Provisional Source. Most
groundwater supplies in current use are known through historical development and so have
already passed through this stage. A Provisional Resource becomes an aquifer system
through increased certainty in delineation of the aquifer and collection of defining data, such
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as has now occurred for most exploited groundwater sources. As the certainty of available
water present in that aquifer system improves, its classification moves from identified to
quantified.
Transition to a Groundwater Resource occurs through the application of Modifying
Factors. These address matters such as the potential adverse impacts of usage, water quality
and volume change in response to water level change or other attributes of the groundwater
system.

Modifying factors arise as usage and limitations to usage are combined with

monitoring data and management decisions to increase the sophistication and certainty with
which the resource is managed into the future. Figure 2 below provides a schematic that
shows the progression from the least defined provisional resource and the steps that take it
towards the most sustainable Cooperative Resource.
Provisional Source
(entire area)

Cooperative Resource
Community Acceptance
Established Resource
Defined Resource
Community Involvement
Conditional Resource

Groundwater Resource

Modifying Factors

Measured Aquifer

Quantified Aquifer

Identified Aquifer
Aquifer System 1
(eg alluvium - pale green)

Aquifer System 2
(eg bedrock - purple)

Figure 2. From a 2D geological map of a hypothetical area, an aquifer system, such as an alluvial, ‘deep
lead’ becomes increasingly well defined, using 3D analysis tools. Note the inclusion of community as it
progresses from a Groundwater resource to a Cooperative Resource.

It was proposed in Gill et al. (2010) and then illustrated in Gill et al. (2011) that 3D
hydrogeology mapping could be a very good support for Kennedy’s GRCRC because it could
provide spatially and physically correct volume objects constructed in virtual space to define
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the aquifer systems (much as mineral reporting defines an ore-body). Their structure and
relationship to bounding geology can then also be visualised and refined according to standard
geological rules, with hydrogeological data gathered and incorporated as attributes to the 3D
geology data. Watertable and potentiometric surfaces built from available data show flow
directions in 3D virtual space, which enable illustration of the conceptual model of the aquifer
system operation.
Numbers derived from the 3D software, combined with estimates of aquifer parameters using
fundamental hydrogeological principles were used to calculate estimates of aquifer storage
volumes, flows into and out of the area, recharge, discharge and pumping volumes, allowing
the water balance to be calculated using a mass balance model, with the outputs easily
represented as simple volume graphs.

Uncertainties with hydrogeological parameters,

especially spatial variability, can be reduced by using ranges of values to illustrate upper and
lower estimated water volumes. Using dimensionally correct 3D geology provides a much
sounder basis for conceptualising and constructing numerical models of a management area
that improves model repeatability, allowing for refinement over time, further reducing
uncertainty.
A key advantage of this approach is that it brings hydrogeology closer to mainstream geology
by having state and national geological mapping and modelling effort build the 3D renditions
of the earth’s crust. Once a workable geofabric is constructed in 3D virtual space, what is
known about the aquifer system can be readily shown, as well as the uncertainties and data
gaps, which can then be acknowledged in the process. This fits well with the transparency and
materiality principles of the proposed GRCRC.
Data such as land-use, bore locations, hydrology, vegetation, geology and soils can be draped
over the digital geofabric terrain model and shown in relation to the mapped aquifers in 3D
virtual space. This also provides new ways to illustrate the groundwater system in visualisation
products for stakeholders, two examples of which is shown in Gill et al., 2011 and another
below in figure 3, this case showing Landsat imagery where irrigated areas can be seen.
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Figure 3. An oblique view of part of the Upper Loddon study area showing Landsat image draped over
digital terrain model, 20x exaggeration.

In summary, the proposed 3D hydrogeology supported GRCRC provides a more practical
way to define and describe groundwater. For existing Groundwater Resources around the
country in whatever state of management or delineation, the framework could provide the
basis for giving each resource an initial status report, which at a state or national level, would
be akin to a stock-take of the nation’s groundwater resources. A key benefit would be more
consistently produced and reliable information, which would support improved resource
management decisions by having better informed managers and stakeholders.
Cooperative Groundwater Resource Management
Another aspect of the GRCRC that helped direct the second part of this study arose from the
concept of ‘modifying factors’. The investigation of community involvement and socioeconomic aspects of groundwater use and management are central to defining whether the
highest category of the code ‘Cooperative Resources’ can be reached.
To reach this category would require a high level of understanding of the groundwater use,
socio-economic drivers, the hydrological system and a common understanding of risk
management shared between the community and resource managers. It also relates to a key
point made by Maimone (2004), who recognised that while an ‘explicit delineation of a
sustainable yield (volume) is becoming more commonplace (in groundwater resource
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management), the true complexity of the concept is usually avoided’… and ‘consensus can
never be reached on a firm number representing the sustainable yield of an aquifer system’.
He identifies that adaptive management approaches may therefore be necessary to help
mitigate this uncertainty, and interacting with stakeholders is a better way of developing a
workable definition of sustainable yield.
While it is perhaps implicit that both these concepts are already incorporated in Victoria’s
groundwater planning system, learning more about the level of stakeholder involvement and
acceptance was necessary in order to learn whether:


Victorian groundwater management plans implemented to date had got anywhere near
this ideal of a ‘cooperative resource’, and



there is evidence that stakeholders think their resource is being used sustainably.

Irrigator responses to Groundwater Resource Management
Prior to undertaking the interviews with the cross section of stakeholders in the Upper
Loddon and the Campaspe valley, perceptions of the ownership and use of groundwater was a
relatively simple one. People developed groundwater installations under a licence from the
crown and when total usage increased such that management plans needed to be imposed,
they accepted that need and abided by the plans. While not fundamentally wrong, the many
hours of interviews and even more hours spent sorting and pondering the responses have
provided a much richer and more nuanced understanding of what it is to be a stakeholder and
investor in Victorian groundwater.
Fortunately for Victorian groundwater resource management, the overwhelming majority of
groundwater users agreed with the need for groundwater management planning and thought
that the current plans had been effective in achieving the goal of sustainable resource use.
They also considered that good engagement with the community had occurred during the plan
development. Perhaps a little disappointingly though, groundwater users were not clamouring
for 3D visualisations of their aquifer system, although some were aware of the technology and
had seen positive improvements in information presented as part of management plan
consultation. Most people are more comfortable with simple and easy to comprehend
information that tells them about how the resource is behaving when demand and use is high.
Aquifer waterlevel graphs tell them how the resource is going and the level provides way to
relate it to pumping costs and whether it might affect their pump.
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Several factors have combined to make acceptance of the groundwater management plans in
the Victorian study areas more likely:


Firstly, there was general acceptance that good data on groundwater usage and aquifer
levels supported good planning,



Long established licensing rules meant that groundwater users were familiar with, and
accepting of some level of state-imposed control on development.



Capping of further development in the late 1990.



Generally good consultation with the users in development of the subsequent plans.



The coincidence of the millennium drought.



The use of seasonal allocation reductions to reduce use in line with falls in water levels.

The most significant conclusions of the study (Gill et al. 2014) relate to the findings of Llamas
et al. (2006), who highlighted three problems with the management of groundwater resources.
Firstly, the concept of groundwater sustainability is not just volumetric: economic, social,
environmental, agricultural, political, and inter- and intra-generational issues must also
be considered. The weighting given to these dimensions is mainly a political decision, and
there is no blueprint applicable to every case. Certainly, for Victorian groundwater users,
various manifestations of the seven issues raised can be found in the survey data. It is also
quite clear that the generally successful implementation of groundwater resource plans has
been far more than just the setting of the sustainable diversion limit. While it might be argued
that many of the circumstances in Victoria that facilitated successful plans, starting with the
requirement to licence bores in 1969, were fortuitous and had elements of luck, nonetheless,
the successful establishment of groundwater sustainable use plans is an iterative process and
bringing the community along is fundamental. It also takes time.
Secondly, Llamas et al. (2006) challenged the paradigm of the ‘fragility’ of groundwater
development, whereby every groundwater development becomes a ‘tragedy of the commons’.
They concluded that degradation through collective over-exploitation is not generally the case.
Because groundwater storage in aquifers is usually 100–1000 times the annual recharge, it takes
one or two generations for adverse effects to appear, while in the meantime, a positive social
transition frequently takes place, reducing water demands and allowing management systems
that meet community needs to be developed and implemented.
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For groundwater users in the two study areas (and no doubt in other Victorian groundwater
resource management areas) levels of development rarely, if ever, got to the point where
damage could be inflicted on the resource. Unlike in other heavily developed groundwater
resource areas (California being the most obvious example), people have not been caught up
in an arms race of ever deeper bores in order to maintain access to the resource. Even stock
and domestic users have been well served by the plans. Certainly, the study findings support
the notion that a positive social transition has taken place in Victoria.
Thirdly, management of intensive groundwater use requires a greater degree of stakeholder
participation than surface water systems, and without this, it is almost impossible to achieve
good groundwater governance.

Evidence from the survey confirmed that effective

stakeholder participation through good community consultation and engagement in the
development of the groundwater management plans resulted in a workable groundwater
governance system. Sustainable groundwater resource exploitation requires that the users at
least accept the need for management plans (but better if they also understand that need).
Victorian groundwater users would appear to have given the groundwater resource
management plans a ‘social licence’ (Thomson and Boutilier, 2011) to operate, obtained
through a strong history of consensus building among the key stakeholders (Baldwin and
Ross, 2012).

Groundwater trading and Groundwater Resource Management
Groundwater is significantly more complicated to trade than surface water. Despite this, there
is both theory and stakeholder policy expectation that the ‘magical’ powers of markets will
optimise the utilisation and productivity of the available groundwater resource through trade.
At a state and national policy level, and because of the important part that groundwater plays
in providing drought security to some farming areas, trade has a role to play in future
groundwater use in Victoria. Results of the study show that policy objectives can be met, but
what the study also indicated was that there is substantial inertia involved, with cost aspects of
groundwater being a major cause of that inertia. For sustainable groundwater resource
management, this means that the chance of full utilisation of issued groundwater entitlements
because of trade is unlikely to occur any time soon.
Addressing causes of groundwater trade inertia cannot be solved by policy responses alone,
with the paper identifying some improvements that could be made. These are providing
better information to market participants and improving administrative processes. Harking
back to the original impetus for this PhD study (which was about improving understanding of
72

the groundwater resource through the application of 3D hydrogeological methods) it is
concluded that one of the only ways of addressing a key administrative obstacle to freer trade
is dealing with the need to manage perceived or actual impact from a trade decision.
The development of the Victorian Aquifer Framework helps on this path, but further
development is needed to flesh out the VAF with aquifer properties in each management area.
It can then provide dimensionally correct location-based aquifer property data that would
better support trade applications. In combination with better spatial understanding of actual
usage data (many licensed bores have either low utilisation or have failed), more certain
assessments of actual impact could then be made. A more systematic resource reporting
protocol such as the GRCRC would also be beneficial by helping investors gain greater
understanding and certainty about the resource.
Stakeholder fears raised by the perceived threat of an increase in usage obstructs trade,
because the administrative process lacks the tools to demonstrate sound resource
management, the costs it imposes and because of the need to avoid litigation. It also does not
pay enough heed to Llamas’ et al. (2006) second point that most groundwater systems are
large and therefore robust to individual actions. Victoria’s groundwater management plans
already have provision for adaptive management that can respond to variability in demand,
recharge and declines in aquifer waterlevel. Especially while total extraction remains well
below the sustainable volume limits, small adjustments to local extraction resulting from trade
have negligible impact, especially where the aquifer system is high yielding and the minimum
distances between bores is observed.
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Chapter 6
Conclusions
Where is 3D Hydrogeology now?
This journey of exploration into hydrogeological and social dimensions of contemporary
groundwater resource management has allowed a vastly greater understanding of the subject
to develop. It is also gratifying to think that some of the seeds planted by the initial National
Water Commission – Victorian Water Trust funded study into 3D Hydrogeology in 2007 did
take root and grew into developments at both state and national level. These seeds were
assisted through the organisation and running of a national 3D hydrogeology workshop in
Canberra in 2009, the recommendations from which have subsequently manifested in various
forms since 2010. One was the development of the Victorian Aquifer Framework (DELWP,
2014), another the VVG (FedUni, 2015; Dahlhaus et al., 2015) and nationally, a standardised
aquifer mapping product that is part of the national Geofabric developed by the Bureau of
Meteorology in cooperation with the state governments (BoM, 2015).
While the recent State and National aquifer mapping developments provide a better basis for
applying the method developed in Gill et al., 2011, the uptake does not appear to have
occurred. This perhaps is due to a lack of need because of the end of the drought and the
pressure being taken off groundwater resources. In preparation for future droughts though,
each major groundwater supply aquifer should have fully attributed 3D mapping completed to
the best available data so that when the resource managers and stakeholders are faced with
making trade-offs, a shared understanding of their system and the contained water resource is
already established.
Has Cooperative Groundwater Resource management been achieved?
In 2010, the impact of the drought had increased pressure on aquifer systems and the GRCRC
offered promise as a better way to define and manage development of Victoria’s and
Australia’s water supply aquifer systems. However, in 2016, it is more realistic to think that
the proposed GRCRC is perhaps too complex a proposition that is unlikely to supersede the
groundwater management systems currently in place in Australia. It does provide a basis for
building a more systematic approach to explaining to stakeholders what is and is not known
about a resource. It also gives a more objective way of defining what steps need to be taken in
order to better manage the resource and for stakeholders to see how their involvement is
necessary if sustainable usage is to be achieved.
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In Gill et al., 2014, the responses from the social survey provided sufficient insights to
conclude that in the Lower Campaspe and Upper Loddon at least, Cooperative groundwaterresource management is very close, but given the variable nature of climate and socioeconomic circumstances, cooperative management is most likely an ongoing endeavour.
What is the future for groundwater trade?
In comparison to what has happened to groundwater resource management in other
countries, Victoria has in place a system that works quite well and is relatively well equipped to
deal with the future. However, full development of the available groundwater resource is
inhibited by numerous factors (as described in Gill et al., 2017) and trade is the favoured
mechanism to address this. How much trade develops and whether it pushes groundwater
consumption towards the sustainable diversion limits is also dependent upon the cycles of the
climate.
While groundwater demand is currently met and the current economic aspects remain,
groundwater trade will be subdued, but as was observed during the millennium drought,
consumption and demand will rise in response, so under climate change scenarios that predict
a drier future, there is little doubt that trade activity will increase. The resource managers
therefore need to ensure that all elements that make up a sustainable, cooperatively managed
groundwater resource are put in place.
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EXECUTIVE SUMMARY
Groundwater trading in Victoria is a relatively recent development that has potential to increase utilisation rates, and data
now being recorded by Rural Water Authorities and on the Victorian Water Register shows that groundwater trades are
starting to occur. However, of the approximately 400GL of currently unused groundwater, only 26GL of permanent and
temporary trade was recorded in the 2014-15 season. This water resource has potential to support expansion of irrigation,
or substitution for surface water (especially in dry years).
Understanding why trading activity in groundwater is far less prolific that surface water trading requires investigation into
two key areas: administrative/resource management aspects, and license holder circumstances. This report provides a
look at the latter with findings from a social survey investigation into licensed groundwater holders views and
circumstances relating to groundwater trading. The timing of this report coincides with the commencement of a DELWP
initiative (the first workshop of was held on 18 February 2016) that is looking into groundwater trading.
Two survey methods were employed to obtain information and views from licensed groundwater users; focus groups and
semi-structured interviews. Three focus group meetings were held in May 2015 with groundwater irrigators, one in the
Warnambool area and two in the lower Campaspe Valley. These provided initial data that subsequently informed semistructured interviews with 36 groundwater license holders, most of whom were classed as zero, or low usage license
holders. Five water brokers with groundwater trading experience were also interviewed.
Qualitative and quantitative data was captured from the surveys and analysed using coding methods to draw out views
and experiences that would inform the central research question ‘‘What can groundwater license holders (GLH) tell us
about the practicalities of groundwater trading in 2015?” The goal is to understand the limitations and opportunities faced
by GLHs and identify means to improve trading rates.
Some key factors resulting in underutilisation revolve around the circumstances each GLH is in (such as life stage,
property ownership history, age of bore assets, surface water supply) and the economic aspects of high groundwater
resource development costs and the GLHs ability to profit from a trade. Notably, 13 GLHs interviewed had bores in
disrepair, or had converted them to low volume pumps, and the range of circumstances resulting in non-use was very
diverse. There was also very strong support for the ability to trade groundwater, with 100% awareness that it is possible.
Most prefer temporary trade, which is tied to a strong desire to retain the permanent water entitlement with property
because of the perceived value of retaining groundwater associated with their land.
Opportunity for agencies and authorities to facilitate trades are mainly centred around the desire for better information,
such as on water price, identifying market participants, transfer rules, transfer process and other means of simplifying
trading. Most mentioned various concerns about potential negative impacts of trade, so the ability of government and
agencies to give greater surety about the effective stewardship of the overall resource, as well as streamlining technical
assessments of trades and transfer processes could greatly facilitate trading activity. Improved surety could also assist
with GLHs ability to obtain finance for groundwater developments.
Increasing sleeper-licence trade activity cannot be achieved by influencing the demographic factor – DELWP and RWA
influence can only occur through mechanisms such as improved information and support services, provision of buyer and
seller noticeboard facilities, supplying trade information with licensing renewal documents, or through finding ways to
reduce trade restrictions and raise administrative efficiency.
Given the significance of the property rights now afforded to all GLHs in respect to their water holdings, the need for
‘options other than trading’ would seem to be premature, especially if they were of a coercive nature. Also, the fact that
cap and trade is the preferred water resource use optimisation tool and that it is still early days in the development of
groundwater trading, effort to develop better information and administrative options should be developed and trialled first.
Ultimately, the role of government in facilitating increased groundwater trade lies in finding ways to minimise impediments
relating to groundwater management such as interference rules, intensity rules, zone boundaries and seasonal allocation
rules, as well as provision of better information and resource surety. As these are variables that GLHs have little control
over, there is a higher potential to encourage trade if beneficial changes to these factors can be made.
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INTRODUCTION
Groundwater trading in Victoria is a relatively recent development that has potential to increase utilisation rates. Current
consumption (metered) of groundwater from most Victorian irrigation supply aquifers suggests that there is a potential 400
1
GL (or more) of irrigation water available within the Permissible Consumptive Volume (PCV ) limits. Assuming
economically rational behaviour of groundwater license holders, one would expect that most license holders would seek to
sell any water that they cannot use in order to maximise the return on their asset? Especially given there are annual fees
2
and charges leveed by Rural Water Authorities (RWA ) on bore owners, the sale of unused water provides a means to
offset the annual costs of holding an unused or under-used bore license.
Data now being recorded by RWA’s and on the Victorian water Register shows that groundwater trades are starting to
occur. Both allocation (temporary) and entitlement (permanent) trades have been reported, with the 2014-15 Victorian
Water Trading Annual report stating: ‘The total volume of groundwater licence traded during 2014-15 was higher than the
previous year (17 GL compared to 15 GL of temporary trade and 9 GL compared to 4 GL of permanent trade). The
largest market existed in northern Victoria where about half the trades occurred. The volume of groundwater license
temporarily traded in southern and western Victoria was similar, although very little permanent trade occurred in Western
Victoria’.
This report looks at groundwater trading from the perspective of the groundwater license holder, which in most cases is an
irrigation farmer. Data has been gathered from licensed groundwater bore holders using social research methods
including focus groups, face to face interviews and phone interviews. Interviews were also held with water brokers that
have experience with groundwater trading. This has enabled the researcher to obtain quantitative and qualitative data
from both active and inactive bore holders about their views and experiences on groundwater trading and economic
aspects of groundwater supply for irrigation farms.
In compiling and discussing the findings from the social research, this report endeavours to illuminate some of the issues
and divides between the groundwater users and the policy and regulatory aspects of groundwater use and trade. The
report has been produced with the findings from the ‘Informing the development of policy on groundwater trade workshop’,
held on 20 April 2015 (GMW, 2015) in mind. In particular, the findings from that workshop helped inform the questions
asked in the phone interviews.
The timing of this report coincides with the recently commenced DELWP workshops (the first was held on 18 February)
that are looking into groundwater trading. As such, this report contains an initial analysis of the rich repository of
qualitative data and anecdotes gathered through the social survey. However, further analysis of this data may reveal
additional insights, so readers are invited to contact the author to discuss these initial findings and pose additional
questions that can be used to further interrogate the social database.

Social Survey Methods
Two survey methods were employed to obtain information and views from licensed groundwater users; focus groups and
semi-structured interviews.
Focus Groups
Focus groups provided a means to target a group of groundwater license holders in the chosen study areas and have a
facilitated group discussion in which open-ended questions were asked in a way to trigger discussion amongst the group.
Focus group interview tends to be well suited for: exploring matters of interest early in research projects; for identifying
qualitative similarities and differences among the focus population; in helping to determine the language, thinking and talk
about the focus issue; and to suggest a range of hypothesis about the topic (Stewart and Shamdasani, 1998). Stewart
and Shamdasani also suggest that ‘focus group research may be particularly useful for exploratory research when rather
little is known about the phenomenon of interest’ and ‘are often followed by other types of research that provide more
quantifiable data from larger groups of respondents’.
The three focus group discussions in this study were facilitated by an experienced social researcher and assistant and
followed a focus group guide that contained a series of linked questions designed to explore the group’s collective
experiences and views on aspects of groundwater trading (copy provided in Appendix 1).

1
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PCV = permissible consumptive volume, the maximum amount of water available in any given groundwater supply area.
RWAs = Rural Water Authorities, responsible for administration of groundwater supply protection area plans
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Semi-structured Interviews
Semi-structured interviews provide a means of gaining both qualitative and quantitative information (Sarantakos, 1998, p
247). An interview guide was developed based on the focus group guide, but with modified the questions depending on
whether the interview was with water brokers or groundwater users. The interview guides are also provided in Appendix
1. The early part of the interview questions focused on obtaining quantitative information, with the latter parts more
focused on attitudinal and experience aspects. The interviews followed the guide, but took advantage of opportunities to
follow conversation threads and probe for reasoning behind answers.
Participants were initially contacted by letter introducing the study and researcher. A copy of the questions to be asked in
the interview was also provided, along with assurance as to confidentiality and conduct of the study under the research
ethics protocols of LaTrobe University. Participants were mostly interviewed by phone in the week following despatch of
the letter. Face-to face interviews were conducted with three participants.

Selection of participants
Initially, 6 focus group meeting were proposed to gather representative groundwater users in 3 regions of Victoria: the
Campaspe Valley (northern Victoria), South-west Limestone coast (Heywood, Hawkesdale, Yangery and Nullawarre), and
3
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Gippsland groundwater users. Groundwater resource managers from SRW and GMW were able to provide contact
details for some members of their groundwater resource user committees. From these initial contacts, a snowballing
sampling method was used to gather additional contacts and recruit focus group participants. The SRW ‘Watermatch’
trading forum website was also utilised to contact potential groundwater traders, several of whom agreed to participate in
a focus group discussion. Assistance in identifying possible participants was also gained from a DEDJTR dairy industry
support officer at the Warrnambool office.
In April 2015, sufficient numbers of participants were recruited to run only one focus group in Warrnambool and two focus
groups in the Campaspe Valley, held at Goornong and Rochester. However, this approach was not successful in
obtaining a viable number of participants from the Gippsland area, so no focus group was held there. Participants in the
focus group discussions were predominantly active groundwater irrigators.
Water brokers are an important group of people that also contribute to our understanding of groundwater trading. While
surface water trading has generated large numbers of water broker service providers (GMW had a list of 38 broker
services in 2015), the majority have surface water trading experience only. Of the group, 5 brokers with groundwater
trade experience were interviewed, 2 in face-to-face interviews and 3 over the phone. The interview questions used to
guide the conversation are in Appendix 1.
In order to gain insights from groundwater license holders who used none, or very little of their available allocation
(sometimes referred to as sleeper and dozer license holders), alternative recruitment methods were used. A few names
suggested by active users were followed up in subsequent months, and two phone interviews were conducted. Attempts
at cold calling using de-identified spatial data and phone directories were unsuccessful at identifying more sleeper/dozer
license holders, and customer privacy requirements prevented the RWAs from readily releasing contact details for the
survey.
In October, GMW agreed to provide contact details for customers on proviso of strict confidentiality and on the basis of
their interest in the social research findings. This enabled a list of 50 potential sleeper/dozer license holders to be
provided. In December and January 2016, letters of introduction explaining the nature of the study and the purpose of the
phone survey were sent to the groundwater license holders in the Katunga, Campaspe, Mid Loddon and Loddon
Highlands WSPAs. Of this group, a total of 34 people were agreeable to participate in the study and agreed to a phone
interview. Of the 14 not contacted, 5 were not contactable (no answer/disconnected), 5 were too busy, 1 had participated
in the Goornong focus group, 1 was for a license from an estate held by a trust company and the last 2 were not pursued
after reaching a survey target of over 30 respondents.

Data Analysis
Verbal responses from study participants to the various questions asked and discussion from the focus groups were
transcribed to MS WORD documents. These texts were then analysed using qualitative methods centred on coding
according to a range of themes and categories. Coding provides ‘a short phrase or word that symbolically assigns a
summative, salient, essence capturing and/or evocative attribute’ (p.3, Saldana, 2013) to parts of the recorded verbal data
captured from the respondent groundwater licence holders. Charmaz (2001) describes coding as ‘the critical link between
data collection and their explanation of meaning’. Saldana also goes on to describe a code as ‘a researcher generated
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SRW = Southern Rural Water, the RWA responsible for southern Victorian groundwater
GMW = Goulburn Murray Water, the RWA responsible for northern Victoria’s groundwater
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construct that symbolises and thus attributes interpreted meaning to each individual datum for latter purposes of pattern
detection, categorisation, theory building and other analytic process’.
In this study, the central research question is ‘What can groundwater license holders (GLH) tell us about the practicalities
of groundwater trading in 2015?’ The goal is to understand the limitations and opportunities faced by GLHs and identify
means to improve trading rates. Coding decisions are derived from, and based upon the central research question, as well
as drawn from findings from the April 2015 groundwater trading workshop (GMW, 2015). It identified government and
RWA information gaps in understanding GLH experience and motivations in regard to groundwater trading. Using these
as guidance, coded excerpts capture comments that give insights into what GLHs have experienced and what they think
about various groundwater trading matters.
Coding the verbal records obtained from the focus group discussions, the broker interviews and the phone surveys was
5
carried out using a proprietary CAQDAS package (NVivo) to code responses under a range of themes. This allowed
numerous comments and opinions about particular aspects of groundwater trade to be easily gathered together under
various themes and sub-themes. These collections of responses then provide a means of assessing the range of
circumstances and opinions across the sample group of GLHs.

5

CAQDAS = Computer Assisted Qualitative Data Analysis Software
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RESULTS
Quantitative analysis
The 16 participants in the three focus group meetings comprised active groundwater irrigators holding water entitlements
from 100ML to over 1500ML, with median holding of 212ML. Three in the Warrnambool meeting mentioned that they
currently lease some additional water of between 30 to 170Ml per season and a couple of GLH in Rochester also
mentioned they had traded groundwater.
A quantitative break down of the structured interview participants key attributes data and other measures is provided in the
following Table.
QUESTION:

Number of responses (Total n=36)

How old is your bore? (median: oldest: youngest)

1985

1967

2015

Did you install it?

19 yes's

15 no's

2 n/a's

With the property on purchase?

17 yes's

17 no's

2 n/a's

Is it currently operational?

21 yes's

13 no's

1 n/a

Is it your only irrigation bore?

27 yes's

5 no's

4 n/a's

When did you use it last?

15 in use

13 >1year

8 n/a's

Do you know the salinity of the water?

24 yes's

7 no's

5 n/a's

If so, what is the salinity? (ppm, median: low: high)

1380

400

>4500

What is the licensed volume? (ML: median: average: range)

212

335

112 - 1000

Is it capable of delivering that amount"?

19 yes's

14 no's

1 n/a

Did you use it in the drought years?

18 yes's

12 no's

6 n/a's

What crops are (or were) irrigated / or usage?
(Note: n is >36 due to more than one crop or use in some
cases)

Pasture (incl. dairy)
Summer crops
Winter Crops
potatoes
lucerne
tomatoes
feed canola
industrial use
urban
Intensive animal
S&D use only
not used
recreation
$30 to $200, median: $65

Estimated cost per ML to irrigate?
When do you think you will use it next?
Access to surface water as well?
GSP area :

This season : 18
Not sure : 18
Yes : 22

12
7
6
3
7
1
1
2
1
2
3
4
1

No: 14

Loddon Highlands : 7
Mid Loddon : 8
Campaspe : 12
Katunga : 9

Questions on trade in groundwater:
Are you aware that you can trade groundwater?

100% Yes’s

Considered selling any allocation?

27 Yes's

8 no's

Temporary trade?

30 Yes's

5 no's

Have successfully traded some?

14 yes’s

22 no’s

Permanent trade considered?

8 Yes's

27 no's

Do you know the costs in selling water?

18 yes's

17 no's

1 n/a

Would you use a water broker?

28 yes's

5 no's

3 n/a's

NOTES: n/a = either ‘not answered’ or ‘not applicable’
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Qualitative analysis
The following sub-headings have been drawn from section 9.2 ‘Understanding license holder drivers for use’ from the
trading workshop report (GMW, 2015). They provided a focus for coding of the social research results and aid in
gathering responses under the heading themes. The aim is to provide some insights into license holders’ drivers for their
use of the water resource. Under some headings there may be some quantitative data from the table above that can help
to understand the gravity of some of the drivers, but in most cases, the comments provide circumstantial indicators of the
sort of factors that motivate or hamper license holders’ groundwater ownership decisions.

Factors resulting in underutilisation
It is difficult to define a stereotypical groundwater irrigator that has a consistent set of groundwater use habits or has a
standard groundwater development history or infrastructure set-up. All the participants in the focus groups were also
observed to have different farm business circumstances, stage of life and opinions.
A few things that are generally universal though include such aspects as:


Recognition of the value of groundwater to their enterprise, especially in regard to property value, or the flexibility
it provides under seasonal rainfall uncertainty.



Awareness of the high costs of groundwater development and operating costs.



Understanding of the economic returns and limits of groundwater for their enterprise.

Of the 36 ‘sleeper/dozer’ group, 16 said their bore/s were currently in use and 17 planned to be using it soon. The GLH
group were in the main, actively running a wide variety of farming operations, some with access to surface water and
some without. For those without surface water, particularly in the rain-fed areas (Loddon Highlands) they expect their
usage will be higher this year due to the low rainfall. Those in irrigation areas conjunctively using their groundwater with
surface water were conscious of the surface water prices and were very aware of the comparative value and the current
benefit of their operating groundwater supply.
The reasons given by those who were not currently able to use their bore and not planning to use it soon, ranged very
widely. Operators of two dairy factory supply bores and an urban supply bore said they use surface water when it is
available and keep the groundwater holding for emergency use and drought back-up supply. They have made their
groundwater available for trade in recent years, where-in one of the dairy factories make their water available for trade to
their milk suppliers in the first instance.
As indicated in Table 1, over 13 respondents reported their irrigation bore is currently not operational or that it is used only
at very low rates. The diverse range of circumstances they mentioned is summarised here:


The pump failed in 2012, and while they would like to repair it, they are not currently in a position to finance the
repair. They have tried to sell groundwater temporarily to help fund repairs.



It was initially drilled as a stock supply bore that had a higher potential and so a licence allocation was obtained,
but it has not been equipped for irrigation. They have the view to keep it, to equip it in future, but just haven’t
done so yet.



The pump is currently not operational, but in the unlikely event the town water supply becomes restricted, it
would be quickly repaired for emergency use.



Pump currently failed, but is part of a conjunctive farm supply, so they are using surface supply currently. Also
have shallow spear point system.



Owner now retired. When irrigation pump failed, they installed a small submersible that supplies S&D needs
now. – ‘The motor blew up, so I got some prices and they wanted $110,000 five years ago to fix it, so I said ‘I’m
not going to spend $112 thousand for the privilege of changing water at 2 in the morning!’ so that’s it, it’s not
fixed. I dropped a 2 inch poly down there at keeps the stock going and splash a bit on the garden.’ (Mid-Loddon)



A larger holding with multiple bores (10) about half of which are used regularly. Water from some that are out of
repair can be transferred between bores if necessary and possible.



Bore screen failed in 2009 (started pumping sand), small holding, mixed farm, not economic to repair for lucerne
cropping ($100k plus cost), water also high salinity (~3500ppm) and not suitable for their hazlenut crop (they use
surface water). They have offered it for temporary sale, but no takers so-far.



A failed irrigation pump has been replaced with a low volume S&D pump, on a dryland farming property now.
Water has been offered for sale.



Owner is retired from farming and has leased the bore and land in recent years, but recently the lessee is not
now active because of the cost of pumping the water.
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A failed irrigation bore purchased with a now lifestyle (equestrian) property was relined and small pump installed
for S&D supply. Considering re-developing it if some water can be sold to help finance it.



Irrigation bore came with a property transfer, planned to use it to grow lucerne, but unlikely now due to nearing
retirement and problems with irrigation modernisation progress.



Originally accessed water from an old deep lead gold mine, but with down-turn in potatoes, ceased using it and
costs of renewal too high. (see also further circumstance under water quality below).



The bore is not high yielding and needs some work to get it going again. Only used conjunctively, helped
irrigation flow rate, but salinity level needed dilution. Trade opportunity limited in their zone, but has managed to
sell a few times.



Bore came with property, not operational. Has temp traded their entitlement for 7 years now.



Bore came with property, not operational. Plan to use once development occurs. Has recently temp traded
some.

Licence holder’s intentions for future use
Some of the responses for non-operational bores listed above provide indications of the potential range of license holders
intentions for future use. Examples of intentions respondents described for their operating bores are:


‘We were considering selling half of it because we weren’t going to use it, but we’re sort of sitting back on our
heels at the moment not knowing what the weather’s going to do, so it might be just worth having it sitting in your
own hole.’ (Campaspe area)



…‘and so selling the water off now compared to keeping the water as an asset for later on is the issue.’
(Campaspe Area)



‘We’re currently in an expansion phase, coming out of drought, we’re looking to continually grow, so we’d only
ever be looking at trading water in, never out at this stage.’ (Katunga)



‘Because of the size of the property, it would depend on if the bore fails, so if we sold any off it would be short
term gain and long term pain. The previous owners also sold off surface water when the price was high, so there
is not a lot of water for the available land. The discussion has been had when the water was sitting there doing
nothing, but we wouldn’t at the moment.’ (Campaspe area)



‘If there are allocations there and it’s a dry year, but not used this year, at least it’s there next year. If you use it
all up this year there may be risks associated with next year, and that’s where I’m reluctant to sell some off.
However, if they put restrictions in, I’ll be in it anyway (trading) (Mid-Loddon)



‘Well, I haven’t thought about it too much, but my wife and I don’t want to lose the water off the farm because we
think it is a selling point in the future. In the next 5 – 10 years we’ll sell the farm and we think having water on it is
better than not having water’ (Campaspe area).



‘If a neighbour said they were going to be short, and you could do it over the phone quickly and cut red tape,
then get a quick response, because it (need for water) is a short term thing. I have sold some, but don’t intend to
do anymore selling of it because there was so much red tape and process to it, a lot formality over it,
complicated; (Loddon Highlands).

Table 1 shows that all survey participants were aware that groundwater could be traded, 75% have considered selling
some, with nearly 40% having successfully traded some water.

Knowledge and information gaps
The two main comments made about possible information needs tended to centre around the desire for better information
about water price, and who to trade with. The Warrnambool focus group were aware of the SRW ‘Watermatch’ facility
and the suggestion for it to be extended to cover the whole state was made at the Rochester discussion. The impact of
the Privacy legislation was also cited as a factor limiting trading opportunity, due to the water authorities being unable to
list buyers or sellers. A Campaspe GLH said ‘… there should be a centralised place where everyone can go to see what
water is available – they (GMW) don’t need to be involved in setting the price. They are the logical people to help because
they have to approve the transfer in the end, so they are involved.’
In response to the question ‘What information do you think you need before you would consider trading?’ people spoke
quite widely about their information needs, such as: predicting the future water needs for their enterprise; what would the
impact on their farm value be (from selling permanent water) and; the costs and time involved in trading. Several also
said they were either comfortable with the information available, or had not thought much about it yet.
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Personal circumstances e.g. debt, retiring; attitudes towards trading.
Financial constraints and stage in life were mentioned by many people about why they may not now be using their bore, or
haven’t developed to their full groundwater allocations. Being close to or past retirement age played a part in at least 8
sleeper/dozer circumstances and influenced decisions in several ways. This included concerns about taking on debt later
in life; sales of properties and assets on retirement from farming; holding water because of the possible return of children
to the farm; leasing of properties after retirement; elderly parents staying on farm and off-farm children working out what to
do. The range of individual circumstances is large.
Calling prospective GLHs to seek interview also revealed a situation where presumably a deceased estate has left the
water license in the hands of a trustee company. However, the opportunity for an interview with them to find out more was
not forthcoming. In another unsuccessful attempt to contact a GLH, it appeared the holding company was in receivership
so their circumstances and intentions for the water holding could not be explored.
Attitudes to trading can be understood to some extent from a broad observation that there were few (if any?) GLH’s
spoken too who gave an impression that they were opposed to groundwater trading. Many indicated that they recognised
the opportunity it afforded them; ‘its an asset you can use to manage your business’ (Katunga area); ‘We have thought
about selling part of it permanently to fund repair of the bore’ (Katunga area); and ‘it brings us $5-6000 a year, which
covers the cost of holding the licence each year, which is why we decided not to sell it permanently’ (Campaspe area).
One GLH indicated that groundwater trading was not an urgent issue and said about trading ‘No, it’s just that we are
unaware of how to go about it, and with both my wife and I work fulltime, we just haven’t had the mental energy to think
about it’ (Campaspe area).

External factors
Water availability
In GMW 2015, ‘water availability’ is identified as an external factor influencing GLH decisions, but did not further define
what water availability is. For this analysis, it is suggested to cover aspects such as whether groundwater is available for
purchasers, whether people have excess to trade and whether there is limited availability due to geographic constraints
(such as zone limits).
Comments about difficulties of finding suitable buyers were made by both groundwater users and brokers. One broker’s
comment ‘Getting brokers to set up an exchange where they can identify buyers and sellers would be a really mature and
sensible thing to do, but there are so few brokers’ highlighted the difficulty they had experienced in trying to match buyers
and sellers.
The small size of the market was also a central theme identified by the three focus groups and in some phone interviews.
Descriptions such as ‘small customer base’, ‘limited market’ and ‘small market’ were mentioned in respect to the difficulty
experienced in accomplishing a trade. People also mentioned that they had experience of listing water for sale but of
getting few, or no responses.
Identifying the circumstances GLH’s were in where they have an excess of water available for trade was not explored
explicitly, but can be inferred from comments made. Some participants in the focus groups were in situations where water
in excess to their needs (or their current capacity to utilise) was a result of having large holdings that arose from generous
allocations made in the past. For some they represented shrewd property purchases that came with good groundwater
licenses. Mention was also made of being in a development or expansion stage on their farm and so water surplus to
needs now was likely to be utilised after developments were completed. Another GLH noted that his bore was supposedly
constructed to deliver 8ML/day, but was found to deliver only half the expected volume, so accessing their full entitlement
was not possible without the cost of additional bores.
Geographic constraints on availability were illustrated by GLHs comments such as; ‘Well, I wouldn’t mind temporary
trading it, but I’m stuck in an area here where there aren’t any other irrigators of any size that need it – I can only trade in
my 101 area’, or ‘ …we were told we could only trade it with someone in the same level in the aquifer and apparently
there is not a lot of people in our area that are in that category’. In both the Warrnambool and Rochester more intensively
developed areas, restrictions due to plan intensity rules had limited availability for some GLHs. One commented ‘so in the
rules, it must not affect a neighbouring bore, so if there is a conflict, a hydrogeologist’s report whether it is safe to draw or
not is needed, so it is a complicated problem to deal with. That’s the lock up’.
The risk that the yield of the aquifer under the property might be too low to support a viable irrigation development, or the
salinity too high were also mentioned as impediments to trade.
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Permanent vs Temporary trade
Table 1 shows that there is not strong support for permanent trading of entitlement. Only 8 said they would consider
permanent trade, with most citing the retention of the water with the property for its valuation at sale being their key
reason. Survey results also suggest farmers are less likely to invest in new bores and pumps if they cannot obtain
permanent entitlement. Focus group discussion also highlighted that bank finance for groundwater development was
hampered because loans are not able to be secured against groundwater entitlements. This favouring of temporary trade
over permanent trade is another aspect of water availability that is likely to constrain new groundwater irrigation
developments.
Economic aspects (power costs, commodity prices, water price)
The high costs of developing, maintaining and operating a groundwater irrigation supply bore was discussed at the focus
groups. At Warrnambool, comments highlighted the effect of high establishment costs on entry to farming: ‘…but new
entrants won’t get into water trade because it is too expensive to buy water and set up infrastructure’ and ‘Problem is, as
groundwater gets up in price, the infrastructure costs are also now astronomical compared to what it was a few years ago’.
Discussion about the costs of finding, then developing an irrigation bore noted that even the initial exploration for a
suitable bore site can sometimes be high, with one saying they drilled 20 test holes before settling on the best site.
Installing a production bore and equipping it had people mention costs of between $56,000 to over $200,000. A
Rochester focus group participant also highlighted the difficulty of financing development : ‘By the time you’ve spent
$200,000 to put the bore down, then you go and find somebody that will sell you the water, and the bank doesn't want to
lend you the money against the water, you've got to have a lot of money in your pocket to start out from scratch’.
A water broker described the following potential groundwater supply development scenario for a hypothetical farmer in the
Katunga area:
‘It becomes pretty daunting for them when you’ve got to apply for a license, then have a test hole put down, make
sure you’re not closer than a km from anyone, then a lot get turned off by the amount of paperwork they’ve got to
go through, then the initial costs, so from scratch, a license can cost up to $5500, before you’ve put a test hole in
the ground, which I think is going to cost about $200/m to put down, let alone another $150-200 grand to put the
proper bore down. (And then if you have to pay $500/ML for water?.....) Yes that’s right, so in Vic you’ve got to
buy the ML for the license from somewhere, and you then lose 20% on the trade, so from 100ML, you get 80ML,
then you only get 70% allocation, which means you get 56ML’.
The costs of pumping groundwater were asked about, with $50/ML being the median estimated energy cost. Including
bore maintenance costs (one highlighted a recent cost of $10,000 to repair a pump motor), and many phone survey
people (n=9) talked about how much failed bores and pumps have, or would costs to repair. Adding licensing costs
results in participants suggesting it costs from $30 to $200 per ML, with median of $65/ML.
The influence of commodity prices on groundwater use and trading decisions was mentioned in all the focus group
discussions and in many phone survey conversations. Two notable comments on this are: ‘I can’t justify paying $300/ML
for water to grow pastures … My background is agronomy and I deal with dairy farmers on a daily basis, so I know that
with milk only at $6, I can’t afford water above $150’ (Katunga) and ‘It depends what you’re prepared to accept in return,
so when I was leasing water at $150 ML, it is going to be $200 by the time I use it, so I’m better off using less and buying
some hay in, - and milk only gets to 60cents/litre in the premium part of the year ’ (Warrnambool).
Comparative costs of bore water and surface water for conjunctive users highlighted strong awareness about using the
lowest cost water available. In years with low cost surface water available, irrigators would purchase temporary surface
water if they deemed it to be cheaper than the cost of pumping their bore water, e.g. ‘I will only use bore water if channel
water is considerably dearer. I’ll try and use as much surface water as I can and only use bore water when I have to, so
when channel water is only $20/meg more than what I can pump it for, I’ll use channel water’(Campaspe).
Concerns about increased trade in groundwater
Responses to the question about potential impacts of increased trade elicited responses that could be categorised as
concerns about:


The increased use causing impact on existing users;



Any impact on S&D bores;



If it resulted in a reduction in allocations;



The loss of water from their district;

One GLH did identify a potentially positive result from trading, suggesting that if the trades resulted in usage moving away
from your own vicinity, it could help to guarantee your own supply. Another noted he had few concerns at the moment
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due to the large number of bores that ceased being used when the Campaspe West irrigation area closed down, taking
pressure off the resource.

Trading administration issues
Some discussion arose regarding the time it took for trades to be approved. An example cited by a bore owner involved a
temporary trade to a neighbour. Applied for in December, the approval process took until February resulting in the
purchaser being unable to obtain the water in time for their planned millet crop. At the same focus group, another irrigator
also described how their temporary trade approval took over 8 weeks to complete. Brokers also discussed their
experiences with the time taken for trade approvals, especially when they compared them to how long surface water
trades took to approve. One broker had experienced up to six months for a permanent trade to be finalised.
A Campaspe area sleeper license holder relayed their recent trading experience as being a complicated process that took
a long time to complete (especially in comparison to surface water trading). The delay was however, partly caused by the
approval letter (for the trade to go ahead) being posted to them (owner) while they were away instead of to their water
broker.
There was some experience of the restriction on trade due to plan rules relating to either zones, or intensive use area
rules. The restriction placed on trades into the Rochester area were talked about, as were similar frustrations in the
intensively developed area in the Nullawarre area near Warrnambool.

Water Quality
One farmer spoke about how he had been on the cusp of investing $250,000 on a new bore, pumps and centre pivot four
years ago, but didn’t proceed when advised that regular use of their 1300 ppm groundwater may result in soil problems.
Another GLH voiced similar concerns, citing the risk of drilling a bore and finding the water salinity was too high for the
intended use was an impediment to trade.
In the case of an urban water authority that retains a substantial groundwater reserve, permanent trade is out of the
question because they need to hold the water in case future surface water supply quality becomes untenable.
The salinity of groundwater was also noted in discussion with several GLHs in parts of the northern Campaspe and Mid
Loddon area. One suggested trade may be slow because farmers are cautious about the salinity of groundwater and so
prefer surface water if it is available. Another two mentioned that their groundwater is not used when surface water is
available due to the need to treat the groundwater through reverse osmosis plant, but it would not be traded permanently
away because of the drought reserve role that the groundwater played.

DISCUSSION
Why is there such a large underutilisation of available resource?
The reasons why there is underutilisation of groundwater are complex and are governed by a raft of circumstances that
are a product of the interaction between human behaviours and the uncertainty of the groundwater resource. With surface
water, the entitlement is a much more defined and tangible thing. While it may contract or expand depending upon rainfall
and water storage condition, an irrigator can plan their seasons usage and water need well enough in advance and know
that the volume they choose can be delivered when they need it. If they need more, or have too much, there is a high
probability they can quickly trade the required water, with price being one of the few variables they need to contend with.
While a groundwater entitlement also represents a theoretically attainable volume of water, it is subject to many more
variables than just price that are beyond the control of the irrigator. Obtaining a groundwater volume relies on a much
more significant investment of capital and risk on the part of the irrigator.
Figure 1 shows two well-developed WSPA and two lightly developed WSPA in Victoria. In the two well developed areas,
the top third of user that can utilise 100% of their available allocation are most probably GLHs with groundwater supply
well integrated into their farming operation in circumstances where they have been able to control the key variables
(through perhaps a combination of good luck, timing, suitable aquifer yields, salinity and good management). They are
able to utilise most of their available groundwater resource most of the time because of factors such as:


their allocation can be met by the yield of their bore/s and pump system/s, and;



the investment in their groundwater supply was made when license allocations were freely available and;



the enterprise has developed to the capacity of the available water supply and capitalised on that investment.
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Figure 1 (from DELWP 2016) shows that about 33% of GLHs in the Lower Campaspe and Loddon Highlands WSPAs used
their full allocation in 2014/15. It is possible that this one third proportion of GLH being able to attain 100% utilisation
represents those irrigators that are in the situation where the key groundwater development variables are all
favourable and in their control.

Looking at the distribution, it can be seen that there is a large majority of GLHs who are unable to fully utilise their
entitlement, presumably because many of the variables are not within their control, or other circumstances are
unfavourable. The results of the social survey conducted over the past 8 months provide many examples of situations
that illustrate this. The study has also found that a portion of these GLHs have either already traded water, or indicated
that they are willing to trade. Those GLHs need potential purchasers though. Those who use close to 100% of their
entitlements are less likely to trade water in or out as they have sufficient for their current needs, although some may need
to buy top up amounts of water if they exceed their seasonal entitlement, or are able to grow their business (Topping up
water accounts has been more prevalent in the Katunga area due to the 70% allocations).
This leaves those who use little or none of their entitlement but want to trade reliant upon trading to users who have bores
and irrigation enterprises that can pump in excess of their entitlement and have suitable land available. The only other
prospective purchasers are new entrants who are seeking to buy existing licenses and are able to gain approval for new
irrigation developments. In low percentage use WSPAs, there is simply going to be a very low demand for trade.

How can sleeper licenses be awakened?
The study has found that sleeper licenses exist for a variety of reasons, but perhaps the fundamental reason for non-use
is that bores and pumps are farm assets that wear out and fail. In situations where the bore has failed, we have already
seen examples of trades occurring that ‘awaken’ that allocation, whether through temporary trades (some for 5 year
leases), through permanent trades as well as in trades with property transfers. The mechanisms that allow sleeper
licenses to be awakened are being taken up by some early adopters, but the natural rate of change due to farming
demographic and cyclical changes is quite slow, and partly reflects the small size of the GLH population, small markets
and the time it takes for people to make decisions.
Any form of coercive pressure in the form of higher fees for sleeper licenses, or some type of ‘use it or lose it’ policy would
not be received well by GLHs. It is probably unnecessary anyway, given the incentive that the current license charges
provide and the potential to offset those costs through trade. GLHs are very well aware that their water rights are a
valuable asset to their farm properties and the passage of time will see a steady turnover each year as some get to the
point that they need to realise that value.
Increasing sleeper licence trade activity cannot be achieved by influencing demographic factors – DELWP and RWA
influence can occur through mechanisms such as improved information and support services, provision of buyer and seller
noticeboard facilities, supplying trade information with licensing renewal documents, demonstrating sound resource
stewardship, or through finding ways to reduce trade restrictions and raise administrative efficiency.
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Dry seasons will also lead to greater demand and increased trade activity in those years. Increased demand for surface
water from new horticultural developments in the MDB may be another incentive for sleeper license holders to start trading
in conjunctive supply areas if surface water prices stay above $100/ML.

Social research may reveal……?
In GMW 2015, three other suggestions (3 dot points below) were made in regard to other possible areas that social
research may be able to explore to seek options that allow increased access to unused entitlement and create a demand
for groundwater . The following comments are made on the basis of perceptions accumulated during the course of the
past 8 months social survey.


Collectively licence holders are unlikely to ever use a high percentage of available entitlement and therefore
options other than trading may need to be pursued to realise the benefits of groundwater use.

There are certainly a significant proportion of GLHs that are unable to utilise all of the entitlements they hold, but there is
also a sizeable proportion that do maximise the usage of their holdings as well as an intermediate group that have a
variable usage, depending upon seasonal conditions and surface water availability. There is also evidence of an
increasing uptake in trading (figure 2). Given the significance of the property rights now afforded to all GLHs in respect to
their water holdings, the need for ‘options other than trading’ would seem to be premature, especially if they were of a
coercive nature. Also, the fact that cap and trade is the preferred water resource use optimisation tool and that it is still
early days in the development of groundwater trading, effort to develop better information and administrative options
should be developed and trialled first.

Figure 2. 2008-9 to 2013-14 trade activity in four of Victoria’s main groundwater basins. These show some slow rise in
trade activity, but also the influence of seasonal conditions on trade activity, e.g. contrast trade in the Goulburn-Murray
at the end of the millennium drought to 2010-11.



Licence holders may be seeking an opportunity to use the water (i.e. new business opportunity) and it could lead
to greater regional development by promoting industries that might use groundwater in suitable regions (e.g.
groundwater irrigation of potato crops around Ballarat).

There were certainly some survey respondents who are actively developing their farm enterprises with an intent to use
their available allocations, and even considering additional trade purchases. The current dry season and high prices for
surface water are also likely to be pushing some farm groundwater developments forward. GLH are very aware though of
the realities of the commodity they are irrigating, and very high entry costs of both developing groundwater infrastructure
and permanent trade prices will likely remain a significant dampener on new industries taking up unused allocations.
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There may be opportunities to convert surface water users to groundwater users to increase their security of
supply.

There are already some conjunctive water supply GLHs who already realise the benefit of their secure groundwater
supply. It is probable that reduced surface water availability and higher price may tend to push a few more conjunctive
supply irrigators towards an increased substitution of groundwater for surface water. However, water salinity is an
impediment in many areas and concern about the impact of increased utilisation causing increased seasonal decline in
aquifer levels was raised by many GLH. There is also a broader concern if increased security for some was perceived to
come at the expense of existing users.

How might utilisation increase?
Assuming that increased utilisation can only result from increasing numbers of groundwater trades and that a key supplier
of water for the market will be GLHs deciding to sell the unused portion of their allocation, the question for government
(DELWP) and RWAs is which set of variables can they influence, and how.
Many of the impediments to using groundwater identified through the discussions are related to the individual
circumstances of each GLH. Financial issues would be one of the key ones. The costs of developing groundwater supply
are substantial and the prospects for making a financial return are closely aligned with commodity prices and farming
economics. Another key trade impediment relates to the stage of life and farming circumstances of each GLH. A few
GLH indicated they were in an expansion stage and expect to use more of their water in the near future and so certainly
would not permanently trade water away. Some others find themselves in a position as ‘custodian’ of licenses and may or
may not be in a position to sell water in the near future.
Some GLH at or near to retirement may be already temporary trading, or it is being contemplated. These people are more
likely to be encouraged to trade by beneficial changes to rules and process. However, low numbers of GLH willing to
countenance permanent sale of their allocations prior to sale of their farms limits the opportunity for new development to
occur due to the difficulties in obtaining finance, or for new entrants or developers to risk so much capital on an insecure
water supply.
Impediments relating to groundwater management such as interference rules, intensity rules, zone boundaries and
seasonal allocation rules are variables that GLHs have little control over, and so there is a higher potential to encourage
trade if beneficial changes to these factors can be made.
Successful trades are achieved when the many variables involved favourably line up, including such things as: trade price
agreement; favourable zone rules; trade within the intensity rules; no neighbour objections; buyer has spare pump and
bore capacity; suitable timing; received the right advice; farming and decision making confidence; surface water not a
viable option; (and for permanent trade:) aquifer yield; water salinity. Improvements to trade policy that make trading
easier may have a small impact in some cases, but it may simply be that too many factors are outside of the influence of
DELWP and RWA changes to trade rules or process.
For many factors though, only the passage of time will result in water becoming fully utilised again, either by the owners’
property developments, or if their circumstances change in favour of selling, so it seems that increased utilisation rates are
unlikely to be dramatically changed by policy improvements.

CONCLUSIONS
The results presented in this brief report are drawn from a substantial amount of social research information obtained from
over 50 groundwater license holders through focus group meetings and individual interviews. The inclusion of a
significant number of ‘sleeper/dozer’ GLH in the social survey has enabled us to gain some valuable insights into this
important group of people who hold a substantial amount of Victoria’s potentially available groundwater resource.
The insights gained support a view that because groundwater trading is still a relatively immature practice operating in a
small market, the current level of trading activity is probably reasonable, especially given the complexities involved. The
2015/16 season, due to the dry conditions, will be a good test to see how GLH have responded in both their own
increased utilisation as well as in trading activity as people respond to surface water shortages and high trade prices.
In relation to the current process being facilitated by DELWP that is looking at Groundwater trade policy and developing
principles for state-wide groundwater trading rules, the social survey results can help to focus the policy development.
Factors that influence trading decisions are essentially in two sets – those that are tied up with the GLH’s circumstances,
and those that are tied to the administrative and resource management side. Impediments relating to groundwater
management such as interference rules, intensity rules, zone boundaries and seasonal allocation rules are variables that
GLHs have little control over, and so there is a higher potential to encourage trade if beneficial changes to these factors
can be made.
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Assuming trade policy can do little to influence the former (GLH circumstances), issues identified in the latter area that
have potential to increase trading rates fall into either the category of better information, or to better administrative process
and include:


Information; Especially because of the small market, enabling all participants (including brokers) to be able to
post water ‘sale/wanted’ notices on a virtual trading post would increase trading possibilities.



Information; The rules governing trade are complex and often location specific. Assisting GLH with
understanding what rules would apply to their holdings could help additional GLH to commence trading.



Information; Groundwater resource condition and the impact of trading have potential to influence trading
decisions, so open and clear communications to GLH about the resource condition will instil confidence to the
market.



Administration; Minimise the time taken to process trade applications, the complexity of rules and costs could
help GLH to capitalise on more opportunistic, in-season transfers.

Overall, the social research conducted has given a sense that GLH are quite supportive of trade and rates are starting to
lift. However, GLH are a very diverse group and their decisions in regard to trading are driven by a large number of
factors and variables. While improvements to trade policy may favourably influence some of these variables, successful
trades require many variables to line up, so increased utilisation rates are unlikely to be dramatically changed by policy
improvements until all these other barriers are overcome.
Rather, improved policy, administrative process and better information are likely only to change the probability of trades
occurring, but not alter an underlying inertia caused by factors such as: high development costs, slow rates of land tenure
change, low commodity prices, interference rules and fundamental beliefs and behaviours held by GLH such as retaining
water with land to maintain land value or for drought security. These factors suggest groundwater trading is unlikely to
ever result in full allocation usage every year, even if it was technically and administratively possible to do so.
As mentioned in the background section, further analysis of this data may reveal additional insights, so readers are invited
to contact the author to discuss these initial findings (or challenge some of them) and pose other questions that can be
used to re-analyse the social database in different ways.
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APPENDIX A. SURVEY QUESTIONNAIRES
Groundwater Trading –Focus group guide and questions:
AT FOCUS GROUP MEETING: (Start with introduction on the reasons for the study, highlight informed consent needs for
participants and thank the participants for their time.)
Study background: Most allocations are either un-used or use only a low % is used. In the Lower Campaspe Valley, the
total of all 140 licenses is 55,875ML, but in 2013/14, metered usage was 26,534ML, or 48%. Dairy is the main industry
using groundwater. Farms that could use more groundwater are often unable to access additional or new supplies.
Groundwater unused in wet years could be better utilised in dry years. The purpose of this focus group is to seek some
understanding of how farm managers view their licenced allocations with regard to trading groundwater. The findings will
help Government and RWAs develop and put in place better polices in support of trade and licensed groundwater users
will be more willing to trade.


Start with round room , name, where farm is, how much GW used and for what.

Discussion Topics and Questions:
Opening exploration of thoughts about their groundwater system:
•

What do the bore waterlevel graphs tell you about the aquifer ?

•

How much stress do you think the groundwater system is under?

•

Do you think it could cope with more water being extracted?

•

How well do you think the resource is being managed?

Questions on trade in groundwater
1.

TWE (transferrable Water Entitlement – both permanent and temporary) has been available since
management plans were developed 5 – 10 years ago. Has anyone used this?


Why or why not?



Why do you think it has not been taken up more widely?

2.

What do you think should be done with unused water? Do you think unused water should be made available to
other users?

3.

TWE is a voluntary system, but do you think there are other ways to make water available to potential users?

4.

Do you think water authorities should be able to temporarily re-allocate water without compensating the licence
holder?

5.

If unused water was released back into the pool for temporary buyers, how could any revenue generated be
used? (e.g. would it be acceptable to use it to help cover costs of groundwater management plans, or monitoring
costs)

6.

Can you think of any safeguards around water trade (both temp. and perm.) that would need to be put in place?
(to individuals, or for the resource)

7.

Do you think that competition between farmers plays any part in limiting trade?

8.

In the earlier days, some groundwater licenses were quite large. Do you think there are some allocations that
were too large to realistically pump out and use by that licensee?

9.

How could Groundwater users be re-assured that the system is not being overused?

10. Management plans allow for ‘carry-over’ (a % of unused allocation from one year can be used in the next). Has
anyone used this? Do you think it is a good idea?


How widely do you think it has been used?

11. Do you think the prices being asked for temporary water are realistic?


What about permanent water?

12. Does anyone irrigate with surface water?


Does this make any difference to how you use or think about groundwater
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13. Any other thoughts on groundwater trade that have not been covered?

Where to from here:
•

Running a few more focus group discussions in Gippsland

•

Phone interview some who weren’t able to make a discussion

•
Work through the results of the discussions, find the common threads and report on the findings, including
recommendations about trading.

Water Broker Questions:
Groundwater Trading Questions - Water Broker
•

How many groundwater trades have you seen successfully completed?

•

How may seller and how many buyer enquiries have you had?

•

Are the numbers even or biased to one or the other?

•

Do they tend to be for permanent or temporary trades?

•

Compared to surface water trades, what would you estimate the % of groundwater trades to be?

•

Do you think enquirers are generally aware of the rules around groundwater trading?

•

How comfortable are you with advising enquirers about the rules that apply to groundwater trading?

•

Do you think the RWAs are well equipped to handle groundwater trades?

•

What do you think needs to be improved to make trading easier?

•
Are sellers expectations for $/ML realistic. What about buyers and the price they are prepared to pay? (both
temporary and permanent)
•

How do the prices for surface water and groundwater compare? Are they comparable?

•
Do you think it would be good for some of the unused groundwater to be released to a pool for buyers to bid for
each season?
Any other thoughts not covered?
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Sleeper and Dozer License Holder Questions:
Groundwater Trading questions
Questions about your groundwater supply:


Please tell me about your gw bore: –



How old is it?



Did you install it, or was it with the property when purchased? ………………………………



Is it currently operational?

Yes

/

No



Is it the only bore you have? Yes

/

No



When did you use it last? …………………………….



Do you know the salinity of the water? Yes / No.



What is the licensed volume of your bore/s? ……………………………………ML



Is the bore capable of delivering that amount?.



Did you use it during the drought years (2005-2009)



What crops do you irrigate with it?.................................................................................................



Can you estimate what it costs per ML to irrigate with your bore water?



When do you think you will use it next?



Do you also have access to a surface water irrigation supply system?

.............................................

If so, what is it?......................

Yes /

No

Yes / No

$ ……………….. per ML

Yes / No

Questions about trading groundwater


Are you aware that you can trade groundwater?



Have you considered selling any of your allocation?



Would you consider temporary trade (i.e. annual trading)?



What about permanent trade?



What concerns might prevent you from offering any of your water for trade?



Can you think of any problems that could arise from increasing groundwater trade?



Do you know what costs are involved in selling or buying groundwater?



Would you use a water broker?



What information do you think you need before you would consider trading?



What do you think about separating groundwater licenses from land?



Do you think the future outlook for groundwater use in irrigation is positive, or negative?



Do you think GMW and Government know enough about the groundwater resource system and manage it well
enough to allow trading?



Any other thoughts on groundwater trading?

Yes / No
Yes / No
Yes / No

Yes / No

Yes / No

Yes / No

NOTE: Prompt respondents to provide reasons why in follow up to yes or no responses.
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