Australian Research Council

This report summarises
the NCGRT’s performance
between 1 January 2011
and 31 December 2011.

HEIDI LINEHAN

ANNUAL REPORT 2011

NATIONAL CENTRE FOR GROUNDWATER RESEARCH AND TRAINING

2
3
4
5
6
7
8

Overview
Director’s report
Vision and mission
Centre site locations
Governance structure
Centre management team
Research program leaders

100RESEARCH
144
166
188
200
222
244

Contentss266

Program 1
Program 2
Program 3
Program 4
Program 5
Super Science

CAPACITY BUILDING

322OUTREACH
366LINKAGES
422MANAGEMENT AND GOVERNANCE
466

Financial summary

500
533
599
644

Appendix 1: Performance indicators and funding targets

499APPENDICES

Appendix 2: List of students and staff
Appendix 3: Publications
Abbreviations and acronyms

The National Centre for Groundwater Research
and Training was established in June 2009 as an
Australian Research Council Centre of Excellence,
co-funded by the National Water Commission.
Its role is to advance understanding of Australia’s
groundwater resources, and to train the next
generation of groundwater researchers.
The NCGRT’s mission is to be an institution
of national and international standing with
the capacity, through the development
of people, knowledge and technologies, to
support the sustainable management of
Australia’s groundwater resources.
Based at Flinders University, with 22
Australian partner organisations, and formal
linkages with some of the world’s leading
groundwater research organisations, the
NCGRT enables nearly 200 Australian and
international researchers to pool their
knowledge and expertise.

The NCGRT’s research is
structured around five flagship
research programs:
Program 1
Innovative Characterisation
of Aquifers and Aquitards
Program 2
Hydrodynamics and Modelling
of Complex Groundwater
Systems
Program 3
Surface Water – Groundwater
Interactions
Program 4
Groundwater–Vegetation–
Atmosphere Interactions
Program 5
Integrating Socioeconomics,
Policy and Decision Support
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The NCGRT has developed vital
complementary research infrastructure at
six sites across the country as part of
the Australian Government’s Super Science
Initiative. The centre’s industry training
program offers a broad range of general and
specialist courses, increasing Australia’s
groundwater management capacity.
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I WILL REMEMBER 2011 AS
THE YEAR THAT CEMENTED
THE NATIONAL CENTRE FOR
GROUNDWATER RESEARCH
AND TRAINING AS A
LEADING INSTITUTION FOR
GROUNDWATER
KNOWLEDGE IN AUSTRALIA
— AND THE WORLD.
Reflecting on the first half of the centre’s
current five-year funding period, I am
humbled by the strength of this young but
growing research and training institution.
As a research centre, we are well on our
way to training 200 new researchers, and
at the end of 2011 the NCGRT had 36
partner and chief investigators, 30
postdoctoral fellows, 48 PhD candidates,
21 honours students and 3
undergraduates across the centre’s five
flagship programs. Four research
assistants, three research fellows and
three technical support officers complete
our academic staff.
Our reputation as a centre of excellence
in groundwater training is also secure.
We have delivered professional industry
short courses to some 500 people and
have also presented research innovation
showcases and key stakeholder forums
during the year.
There were many highlights in 2011,
including:
• visits from world-leading international
groundwater scientists, including
Professor József Tóth, considered the
pioneering father in hydrogeology on
regional flow analysis
• the launch of the NCGRT research
ambassadors program, a professional
development opportunity for our
students, which began with a session
on science communication
• the 4th Australasian Hydrogeology
Research Conference in Cairns, which
the centre organised in conjunction
with the 11th Australasian
Environmental Isotope Conference;
we also had a strong presence at the
2011 Geological Society of America
Conference in Minneapolis
• various awards and recognition of our
researchers and students for their
contribution to the field
• the inaugural NCGRT summer school,
held in Adelaide and attended by

almost all of the centre’s members,
which gave researchers and students
the opportunity to share their work
and to attend lectures presented by
distinguished visitors.
Beyond these key activities, there are
many reasons to be proud of our
progress in 2011.
The inaugural NCGRT distinguished
lecturer program was a great success.
Dr John Doherty — the author of the
widely used parameter estimation
software, PEST — gave several talks on
groundwater modelling into the future.
This triumph ensures the series’
continuation and we are thrilled that
Professor Robert Glennon from the
University of Arizona will be the next
distinguished lecturer.
In 2011 the NCGRT launched its
centrifuge facility at the University of
New South Wales. This state-of-the-art
facility and its researchers featured in an
article in the international Water and
Wastewater magazine.
The NCGRT, through the leadership of
the University of New South Wales, is
also in the process of setting up worldclass long-term groundwater monitoring
sites across the country, installing
infrastructure at Ti Tree, Willunga and
North Stradbroke Island, as well as in
the Murray–Darling Basin at the upper
Ovens River, Wellington and Namoi.
Funding from the Australian
Government’s Super Science program
began in late 2010, and progress in 2011
on this front was strong.

Much of the year was spent establishing
and consolidating our relationships with
external partners, such as the Danish
Hydraulic Institute, the US Geological
Survey, the Northern Territory
government, the universities of Texas
(Austin) and Neuchâtel (Switzerland), Rio
Tinto and the NSW Office of Water.
There’s an equally impressive list of new
collaborators lined up for 2012, including
the World Bank.
On a personal level, I am honoured to be
leading the development of a new
national groundwater research gaps
plan, which will be a critical tool for
Australian groundwater management. I
have also been invited to be a member of
the international consultation committee
for the new UNESCO project on
international groundwater governance.
Both of these appointments demonstrate
that the centre and its researchers are
clearly considered leaders in
international groundwater management.
Finally, I’d like to thank the centre’s
academics, researchers, support staff,
collaborators, partners and various
advisory committee representatives.
These are the people who together make
up the National Centre for Groundwater
Research and Training, and are the
reason that we truly deserve our status
as a centre of excellence.

Professor Craig T. Simmons
Director, NCGRT
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Our
vision:
to be an institution of
national and international
standing, which continually
advances knowledge and
management of Australia’s
groundwater resources.

Our
mission:
to enhance Australia’s
environmental, economic
and social wellbeing, by
undertaking the scientific
research needed to
improve our understanding
of Australia’s groundwater
systems, and by training
the next generation of
expert researchers and
groundwater professionals.

4

ANNUAL
ANNUAL REPORT
REPORT 2011
2011

Centre
site
locations

NATIONALCENTRE
CENTREFOR
FORGROUNDWATER
GROUNDWATERRESEARCH
RESEARCH AND
AND TRAINING
NATIONAL

Legend
Groundwater Super Science sites
Partner universities
Research field sites

5

Project executive
Australian Research Council &
National Water Commission
Advisory Board
Director
Craig Simmons

ISAC

Deputy Director
Peter Cook

ILAC

PARTNER AND COLLABORATING
ORGANISATIONS

Research Management
Committee

UNSW

Flinders

Flinders

UQ

ANU

Program 1

Program 2

Program 3

Program 4

Program 5

Andy
Baker

Craig
Simmons

Peter
Cook

David
Lockington

Tony
Jakeman

SUPER SCIENCE
SITES

Centre management
team

University
of NSW

Flinders
University

University
of QLD

The
Australian
National
University

Charles
Sturt
University

Geoscience
Australia

James
Cook
University

NSW Dept
Primary
Industries

La Trobe
University

United Water
International

Monash
University

SA
Department
for Water

QLD
University of
Technology

Aquaterra
Consulting

University
of WA

SA Water

University
of SA

Sinclair
Knight Merz

University of
Technology
Sydney

DHI

CSIRO

NSW Office
of Water

Wellington
NSW

Stradbroke
Island
QLD

Willunga
SA

Ti Tree
NT

Namoi
NSW

Upper
Ovens Valley
VIC

6

ANNUAL REPORT 2011

NATIONAL CENTRE FOR GROUNDWATER RESEARCH AND TRAINING

Executive Assistant
Megan Spyker

Chief Operating
Officer
Kay Brown

Business
Performance
Analyst
Anna Cejko

Executive
Officer
Michelle
Fahey

Director
Craig Simmons

Deputy
Director
Peter Cook

Strategic
Development Manager
Laki Kondylas

Finance
Manager
Sharon
Hutchings

Finance Officer
Anne Walsh

Advisory Board
The Advisory Board’s role is to provide
the NCGRT management team
with expert guidance on a range of
strategic issues, such as priority
setting processes, data management,
equipment and ownership plans,
partnership engagement, media
relations and research impact.
Members are appointed by the centre
director in consultation with the
board itself, the Australian Research
Council and the National Water
Commission.

Industry Training
Manager
Joanne Barbaro

Administrative
Assistant
Anna Bonnes

Marketing
Officer
Dara Boucher

Communications
Officer
Emily Heylen

Project Officer
Fiona Adamson

Project Officer
Stacey
Richardson

International Scientific Advisory
Committee (ISAC)

Research Management Committee
(RMC)

The International Scientific Advisory
Committee is a four-member group of
distinguished scientists, which provides
feedback on the centre’s operations,
particularly its research.

The Research Management Committee
is responsible for overseeing the
management and coordination of the
centre’s research activities. It is
composed of the NCGRT’s research
program leaders, with the chief operating
officer and executive assistant attending
meetings as observers. The Research
Management Committee meets
approximately once each fortnight.

Industry Liaison and Advisory
Committee (ILAC)
The Industry Liaison and Advisory
Committee is a group drawn
from relevant industry and government
organisations. It focuses on developing
industry collaboration, linkages and
exchanges, as well as reviewing
the performance of the NCGRT and
identifying opportunities for
improvement, with a focus on industry
relevance.
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PROGRAM 1
INNOVATIVE CHARACTERISATION
OF AQUIFERS AND AQUITARDS
Professor Andy Baker
University of New South Wales

Professor Craig Simmons
NCGRT Director, Flinders University

Andy has over 20 years of experience as
an academic, having worked at the
universities of Exeter, Newcastle and
Birmingham. He is currently deputy
director of the Connected Waters Initiative
Research Centre at the University of NSW.

One of Australia’s foremost groundwater
academics, Craig has been a significant
contributor to global advances in hydrogeology for many years. In particular, he
is a recognised expert in variabledensity groundwater flow phenomena.

Andy is an associate editor of Water
Research, and a member of the Natural
Environment Research Council
Radiocarbon Steering Committee as well
as the scientific steering committee of
the UK Royal Society. He has published
over 150 internationally refereed papers,
and has been awarded more than 50
research grants. Andy won the Philip
Leverhume Prize in 2003 and a
fellowship at the Institute for Advanced
Studies at Durham in 2009.

Craig has been a chief investigator on
various large national and international
projects, has published more than 180
scientific articles, and has served as
editor on a number of journals. He is
currently Professor of Hydrogeology at
Flinders University, and was recently
elected a fellow of the Royal Society of
South Australia. In 2011, he was
awarded the Australian Academy of
Science Anton Hales Medal for research
contributions to the Earth Sciences
— a top research recognition.

Andy is a leading expert in the
contrasting research fields of past climate
change, and surface-water, groundwater
and wastewater quality. His research
interests include Karst hydrogeology;
palaeoclimate reconstructions from cave
stalagmites; the characterisation of
organic matter in rivers, groundwaters
and engineered systems, including
potable and recycled water; and
surface-water and groundwater quality
monitoring.
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PROGRAM 2
HYDRODYNAMICS AND
MODELLING OF COMPLEX
GROUNDWATER SYSTEMS

In the NCGRT, Andy has a particular
focus on characterising fractured rock
aquifer systems using hydraulic,
hydrochemical and geophysical tools.

In 2006 Craig joined six other pre-eminent
hydrogeologists to write a position paper
on the state of groundwater research,
training and management, which has
been a catalyst for major groundwater
reform in Australia. He is a member of the
National Water Commission’s Groundwater
Technical Advisory Committee.
In 2002, Craig won the Australian Award
for University Teaching, and in the same
year was named the Distinguished Oliver
Lecturer by the University of Texas at
Austin. In 2005, Craig was named one of
the Top 50 Inspirational Young South
Australians and was Flinders University
Researcher of the Year.

PROGRAM 3
SURFACE WATER –
GROUNDWATER INTERACTIONS
Professor Peter Cook
NCGRT Deputy director
Flinders University and CSIRO

Peter has joint appointments as a senior
principal research scientist with CSIRO
Land and Water and as Professor in
the School of Environment at Flinders
University. He is a world-leading
groundwater scientist who specialises
in the areas of hydrology, ecohydrology,
isotope hydrology and unsaturated
zone flow.
His work is recognised globally and he
was the National Ground Water
Association Darcy Lecturer for 2009.
This is one of the highest honours that
can be given to a groundwater scientist
and he is the first non-Northern American
resident to be chosen for the role.
Peter was a member of the National
Groundwater Committee between 2002
and 2007 and a member of the Victorian
Government’s technical audit panel for
water resources between 2002 and 2008.
In 2003, he was commissioned by the
United States National Research Council
to review the work of its Committee on
Hydrologic Sciences on the interaction
between groundwater and surface-water
resources. During the mid-1990s, Peter
was at the forefront of the development
of chlorofluorocarbons as a groundwater
dating tool.
Peter has written three books and has
been the associate editor of leading
international journals.
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PROGRAM 4
GROUNDWATER–VEGETATION–
ATMOSPHERE INTERACTIONS

PROGRAM 5
INTEGRATING SOCIOECONOMICS,
POLICY AND DECISION SUPPORT

Professor David Lockington
University of Queensland

Professor Tony Jakeman
The Australian National University

David is the head of the Department of
Environmental Engineering and
director of the Centre for Water Studies
at the University of Queensland. David’s
expertise in vadose zone and coastal
groundwater hydrology is recognised
internationally.

Tony is a professor at the Fenner School
of Environment and Society and director
of the Integrated Catchment Assessment
and Management Centre at The
Australian National University.

His work is widely published and has
been recognised through his
appointment as an associate editor of
two of the most prestigious international
hydrology journals.
While David’s research activity covers a
broad range of topics, over the past
decade he has been concentrating on
quantitative groundwater dynamics at
the land–ocean interface.
In the 1990s he helped establish the
effect of tidal dynamics on basic
seawater intrusion as well as identifying
their generation of an upper circulation
cell. The presence of this upper cell has
become the focus of significant
international research.
David has now extended this work to
investigate other critical interactions as
well as quantifying the hydrology and
groundwater dynamics in important
island systems.

For the past 30 years Tony has been at
the forefront of international research in
environmental modelling methods
and practice. His work in hydrology is
extensive and includes a variety of
important new models. He is president
of the Modelling and Simulation Society
of Australia and New Zealand and was
the foundation president of the
International Environmental Modelling
and Software Society. Tony is also
a leader in the interdisciplinary field of
integrated assessment.
Tony’s work is distinctive in that it
attempts to combine formulations of key
processes and drivers in statistically
rigorous ways. He pioneered the
development of the IHACRES dynamic
water balance model which has been
applied worldwide to hundreds of
catchments in most hydroclimatologies.
He routinely undertakes joint research
projects with CSIRO, government
agencies and other organisations and
has a particular passion for research
training. Tony’s research is widely
published and he is editor-in-chief of
Environmental Modelling and Software.
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OVERVIEW
The National Centre for Groundwater
Research and Training represents the
first time in Australia that researchers
and professionals from many disciplines
have formally pooled their expertise to
explore Australia’s groundwater systems.
Using the latest technology and
infrastructure, our researchers are
pioneering new hydrogeological research
methods to investigate pressing
questions relating to aquifers
and aquitards, water flows in complex
subterranean systems, the largely
unexplored link between surface water
and groundwater, and Australian
groundwater policy.
The NCGRT’s research is structured
around five flagship research programs:
• Program 1: Innovative
Characterisation of Aquifers and
Aquitards
• Program 2: Hydrodynamics and
Modelling of Complex Groundwater
Systems
• Program 3: Surface Water
– Groundwater Interactions
• Program 4: Groundwater–Vegetation–
Atmosphere Interactions
• Program 5: Integrating
Socioeconomics, Policy and Decision
Support.
These programs reflect extensive
consultations with government and
industry, and are designed to promote
research that will enhance Australia’s
future economic, social and cultural
wellbeing.
In 2011, Programs 1, 2, 3 and 4 were
reviewed; as Program 5 was reviewed in
2010, this means that all five programs
have now undergone their first formal
reviews. An independent panel of
experts conducted these reviews, and
both the Research Management
Committee and the centre’s Advisory
Board examined their findings in August.

The reviewers were impressed with the
strong research leadership that was
being demonstrated across all five
programs, and our commitment to
tackling critical groundwater knowledge
gaps both nationally and internationally.
The reviewers also noted the significant
investment that the centre has made
in building its field research sites and the
scientific benefits that will accrue from
our field research activities over the next
few years.
The review panel also made a number of
important observations regarding the
centre’s long-term research and industry
engagement strategies, in particular the
need to ensure that all of the centre’s
research activities are underpinned by
our world-class groundwater modelling
expertise. The review panel also
commented favourably on the centre’s
current suite of industry and policy
engagement activities. They also noted
that the Australian groundwater industry
was working from a relatively low
technology base and encouraged the
centre to continue examining how it can
stimulate more discerning demand for
new groundwater techniques and
applications in the future. We are
carefully exploring these issues as part
of our preparations for our mid-term
review and funding renewal processes.
One of our key areas of focus in 2011
was on developing a new methodology
for measuring the economic, social and
environmental impacts of our work. This
‘Road to Impact’ project has challenged
us to think more deeply about the
intrinsic and extrinsic value of our
research and training activities. We are
making good progress and this work is
informing thinking on the potential role
and configuration of the centre beyond
2014.

Another important focus in 2011 was the
promotion of interdisciplinary and
collaborative research. Of particular note
was an uncertainty and risk management
workshop hosted by Program 5 in
Canberra in March, as part of a 2011
series of workshops that provided
opportunities for NCGRT researchers to
share different theoretical and
methodological perspectives. The
uncertainty and risk management
workshop was particularly important
because identifying and managing
uncertainty is a common challenge for
all five research programs. Workshop
participants examined various
conceptual frameworks and applications
for assessing and managing uncertainty,
and are now working towards developing
a vision to guide the centre’s future work.
Managing risk and uncertainty is a key
challenge for policy makers, and we are
confident that the March workshop can,
with minor modifications, become an
important vehicle for engaging policy
professionals on the practical tools and
applications that will assist them in
managing Australia’s groundwater
resources. The workshop therefore has
the potential to become an important
part of our knowledge and technology
transfer program.
Other activities aimed at cementing the
centre’s collaborative research culture
included our visiting scholar and
exchange programs. Regular research
program meetings also provided
invaluable discussion and networking
opportunities.
Highlights in 2011 included the launch of
the NCGRT research ambassadors
program, a professional development
opportunity which aims to equip
students with the skills necessary to
build successful graduate careers, as
well as the inaugural annual summer
school.
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The centre has successfully achieved all
of its research performance targets.
The following key performance graphs
underscore the fact the centre has a
highly productive research base, and our
researchers are producing work of
significant scientific value as evidenced
by the number of publications appearing
in refereed journals and citation rates.
These results are a positive endorsement
of the centre’s research prioritisation
strategy and our commitment to
improving Australia’s groundwater
knowledge sets.
The centre is also mindful that
publications are only one of a number of
channels from which the benefits of our
research will flow. All NCGRT
researchers are encouraged to promote
their work using formal and informal
engagement channels and we are
pleased with the number of high-profile
speaking invitations that our researchers
continue to receive. This result reflects
positively on the quality and relevance of
our research, and on our ongoing efforts
to raise the profile of Australian
groundwater research.
Further information on the research
carried out by the NCGRT in 2011 is
described program by program in this
section. A list of all NCGRT research
students and staff is provided as
Appendix 2 to this report, while a
complete list of publications is provided
as Appendix 3.

TOTAL NUMBER OF PUBLICATIONS APPEARING
IN QUALITY JOURNALS AND BOOK CHAPTERS
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RESEARCH
KEY PERFORMANCE INDICATORS

2011 target

2011 result

Cumulative target

Cumulative result

R1

Total number of publications appearing in
high quality journals and book chapters

90

135

100

191

R2

Percentage of publications appearing in
A or A* journals

30%

61%

30%

64%

R3

Number of citations

800

1,475

800

1,479

R4

Number of invitations to present talks,
papers and keynote lectures at major
national and international meetings

70

96

80

180
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Modern
modelling
BY STACEY RICHARDSON

NUMERICAL MODELS FORM A VITAL
AND INCREASINGLY IMPORTANT PART
OF MODERN HYDROGEOLOGY AND ARE
OFTEN USED TO AID DECISION MAKING
ON MATTERS OF WATER ALLOCATION
AND GROUNDWATER MANAGEMENT.
THESE MODELS ARE A SIMPLIFICATION
OF REALITY AND THEREFORE HAVE
ASSOCIATED ERROR AND BIAS
AFFECTING THEIR USEFULNESS.
In a recent paper, which has been
accepted for publication in
the prestigious Journal of Hydrology,
National Centre for Groundwater
Research and Training Program 2 PhD
candidate Dylan Irvine investigates the
problem of simplification in models and
aims to find out ‘how simple is too
simple when it comes to using numerical
models to represent streambeds?’
Co-authored by Professor Craig
Simmons, Dr Philip Brunner (University
of Neuchâtel, Switzerland) and Dr
Harrie-Jan Hendricks Franssen (Jülich
Research Centre, Germany) the paper
aims to fill a knowledge gap in the
research area.
‘Previous papers have demonstrated the
influence of including heterogeneous
streambed and aquifer materials, but
no-one had demonstrated what happens
when you simplify these heterogeneous
systems, and try to make predictions
with the simplified models,’ explains
Dylan.
‘We demonstrate that there are types of
systems where the streambed can be
simplified with almost no loss of
predictive accuracy. This is something
that modellers need to know. We also
demonstrated cases where the simplified
model can lead to errors.’

HEIDI LINEHAN

Dylan Irvine hard at work on a computer-based model
Dylan’s work has shown the type of error
that is introduced into surface water
– groundwater modelling predictions
when a heterogeneous streambed
is replaced by a simpler homogeneous
equivalent. The error largely relates
to differences between the ‘connection
state’ of the system from which the
model calibration data is obtained and
that of the system to be modelled.
Connection state describes how
surface-water sources interact with the
groundwater sources underneath them.
Errors are minimised when
the calibration and modelled system
connection states are identical.

‘At the end of the day, important
decisions about water allocations, and
hence people’s futures, are determined
using numerical models. We need to
be sure we’re doing the best modelling
possible, and that we understand
the limitations of our models. Our work
hopefully goes some way towards
achieving this goal,’ says Dylan.
Dylan is enthusiastic about his paper
being published in the Journal of
Hydrology. ‘After all of the hard work in
putting this research together, it’s great
to see our paper getting published in
one of the top water journals. Hopefully
this will ensure good exposure of our
findings, and people can put our
findings into practice.’
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Program 1
Innovative Characterisation
of Aquifers and Aquitards
PROGRAM LEADER:
PROFESSOR ANDY BAKER, UNIVERSITY OF NEW SOUTH WALES
Chief investigators:
Professor Ian Acworth, UNSW
Dr Martin Andersen, UNSW
Assoc. Prof. Malcolm Cox, QUT
Assoc. Prof. Bryce Kelly, UNSW
Dr Gregoire Mariethoz, UNSW
Dr Wendy Timms, UNSW
Partner investigators:
Dr Ross Brodie, Geoscience Australia
Dr David Mitchell, NSW DPI

PROGRAM 1 ADDRESSES THE
INNOVATIVE CHARACTERISATION OF
AQUIFERS AND AQUITARDS.
In 2011 we appointed five new
postdoctoral fellows (one in conjunction
with Program 3), to reach full postdoctoral
staffing capacity.
Program partners Geoscience Australia
and the NSW Department of Primary
Industries increased their in-kind staff
contributions, and together with PhD
candidates and honours students at the
University of New South Wales and the
Queensland University of Technology,
our researchers are exploring new
geophysical field methods and tools,
building accurate 3D geological models
that link hydrogeological processes,
and are using innovative techniques to
trace water through complex systems.
A major 2011 research achievement for
Program 1 was the commissioning of the
NCGRT centrifuge permeameter. This is
the largest single NCGRT equipment
investment, and is located at the Water
Research Laboratory at the University of
New South Wales. It enables rapid and
repeatable testing of hydraulic
conductivity of sediment and rock cores.

Ongoing development of instrumentation
at this new facility will also enable testing
of effective porosity, compressibility and
attenuation of contaminants. The facility,
along with the adjacent Department
of Innovation, Industry, Science and
Research Groundwater Education
Investment Fund (EIF) headquarters, was
formally opened in September.
Two field days held with centre partner
the NSW Department of Primary
Industries were major industry
engagement and outreach highlights in
2011. In April, a demonstration day
entitled ‘A Day on the Brown’ displayed
the Groundwater EIF facility and NSW
Department of Primary Industries
research sites in central-west New South
Wales. In October, a field day at the
Groundwater EIF facility and the NSW
Department of Primary Industries funded
Breeza Research Station in central-north
New South Wales allowed NCGRT
researchers to give an overview of a
range of geophysical, geochemical and
hydrogeological techniques being used
at the site, with a focus on community
engagement.
Numerous international experts visited
Program 1 in 2011. Highlights were
Dr Mark Cuthbert from the University of
Birmingham, UK, whose visit in June
resulted in a successful European Union
FP7 award for him to join the University
of New South Wales team in 2012, and
Dr Matt Jones from Nottingham, who
was awarded a UK Royal Society
International Exchange grant to visit
the University of New South Wales and
Flinders University in May. In 2011,
Program 1 researchers also attracted
external funding for NCGRT research
activities from sources including the
Australian, Canadian and Swiss research
councils.
Finally, 2011 saw several prizes and
awards for the Program 1 team. In
August, Ian Acworth, Bryce Kelly, Martin
Andersen, Anna Greve, Gabriel Rau and
Wendy Timms were announced as
finalists in the Australian Museum Eureka
Prizes for Science. Gregoire Mariethoz
was awarded the best paper award at
the 1st Conference on Spatial Statistics
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Andy Baker
held in the Netherlands. Researchers
Anna Greve, Wendy Timms, and honours
student Alex Rogan were awarded a
prize for the best technical presentation
at the International Association of
Hydrogeologists NSW Symposium in
September, and Anna Greve was also
awarded best presentation at the 17th
Near Surface Conference of the
European Association of Geoscientists
and Engineers in September, which has
resulted in an invitation to give a
presentation at the Symposium on the
Application of Geophysics to
Environmental and Engineering
Problems in March 2012 in the USA.
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Location! Location! Location!
New insights into groundwater
BY STACEY RICHARDSON

OVER THE SUMMER OF 2010–11, SOUTHEAST QUEENSLAND EXPERIENCED
EXTRAORDINARY FLOODING, RESULTING
IN SEVERE DAMAGE TO PROPERTY AND
LOSS OF LIFE. ONE LOCATION
SUBSTANTIALLY IMPACTED WAS THE
LOCKYER VALLEY, A KEY AREA OF
FARMLANDS WEST OF BRISBANE WITH
INTENSIVE IRRIGATION BASED ON
ALLUVIAL AQUIFER SYSTEMS.
In the 15 years prior to the floods, the
Lockyer Valley experienced a prolonged
drought, which, combined with
continued groundwater extraction,
resulted in severe aquifer depletion.
Many bores dried up, salinity increased,
and agricultural production was
seriously threatened.
‘Many people think that the aquifer
would have completely recovered after
such a flood event,’ comments Dr
Matthias Raiber, Program 1 postdoctoral
fellow at the National Centre for
Groundwater Research and Training,
‘but this isn’t the case’.

Matthias Raiber
levels of up to 20 m, others may have
shown no recharge at all. These findings
were supported by groundwater tracer
experiments using stable isotopes and
radiogenic groundwater age tracers
which provided independent verification
of the modelled results; the findings
clearly contradict the common perception.

MATTHIAS RAIBER

MATTHIAS RAIBER

Irrigation in the Lockyer Valley and the Great Dividing Range
It is commonly perceived that high rainfall
or flood events uniformly recharge
alluvial aquifers, but 3D modelling of the
Lockyer Valley undertaken by Matthias
at the Queensland University of
Technology suggests that there is in fact
significant spatial variation in aquifer
recharge over such a large area.
The modelling indicated that while some
areas of the Lockyer Valley would have
experienced increases in groundwater

Further data analysis has suggested that
the physical form of the land and the
form and variations in the mineral
composition of the alluvium may be the
primary controlling factors in recharge
following floods.
‘While many previous studies have
focused only on small areas or single
aspects of groundwater dynamics, we
have taken a more holistic approach.
This shows that some areas recharge
immediately, but with others there is a
distinct time lag’ says Matthias. ‘It is
clear that we need to do more work to
better understand the variability of
recharge processes of these alluvial
systems to enable better management.’
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Program 2
Hydrodynamics and Modelling of
Complex Groundwater Systems
PROGRAM LEADER:
PROFESSOR CRAIG SIMMONS, FLINDERS UNIVERSITY
Chief investigators:
Professor Peter Cook, Flinders/CSIRO
Professor Ling Li, UQ
Dr Vincent Post, Flinders
Dr Henning Prommer, UWA
Assoc. Prof. Adrian Werner, Flinders
Research associates:
Professor John Doherty, Flinders
Dr Andrew Love, Flinders
Dr Michael Teubner, Flinders
Numerical models form a vital component
of modern quantitative hydrogeology;
they are both a fundamental way of
investigating complex groundwater
hydrodynamics and an invaluable tool in
formulating research questions and
hypotheses. Groundwater models are
also a key investigative tool in water
resources management decisions and
policies.

PROGRAM 2 FOCUSES ON DEVELOPING
A GENERAL UNDERSTANDING OF
GROUNDWATER SYSTEMS AND
MODELLING THAT CAN BE APPLIED
ACROSS A RANGE OF ISSUES.
In total, five postdoctoral fellows have
started in Program 2 and we have
recruited ten PhD candidates. The
research group is currently working on a
number of sub-projects including
heterogeneity in groundwater fluids and
geologic structures, heterogeneity of
streambed sediments and impact for
connection to groundwater, modelling
groundwater interaction with ephemeral
lakes and streams, improving calibration
of surface water – groundwater
interaction models, simplicity versus
complexity in groundwater modelling,
and using environmental tracers to
constrain hydraulic models.
Some key work was published in leading
international journals in 2011. This clearly
demonstrates the scholarly standing of
the work being conducted in Program 2,
and a comprehensive list is provided at
the end of this report. Notably, both
Jessica Liggett’s and Danica Jakovovic’s
PhD work has been accepted for
publication in the Journal of Hydrology,
while Carlos Ordens’s has been
accepted by Hydrogeology Journal.
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Craig Simmons has been invited, with Dr
Philip Brunner of the University of
Neuchâtel, to write a review article for
Ground Water on the HydroGeoSphere
model.
PhD work is ongoing and progressing
well; for example, Ty Watson has been
working on model simplification
procedures using John Doherty’s PEST
Parameter Estimation Software,
Leanne Morgan continues to work on
analytical solutions for understanding
the vulnerability of aquifers to seawater
intrusion, and James McCallum is
undertaking model simulations to
explore how tracer groundwater age
estimations are affected by geological
heterogeneity.
Henning Prommer has commenced as
the inaugural Professor of Environmental
Hydrogeology at the University of
Western Australia — a major success for
the university and the NCGRT. Henning
is a world leading authority on reactive
transport modelling and is the co-author
of the widely used reactive transport
software PHT-3D. Co-author of PHT-3D,
Vincent Post, is now formally involved in
Program 2 as well.
Program 2 continues to play a role in the
state-of-the-art Willunga groundwater
model, developed as part of the centre’s
Super Science project. We are also
forging important relationships with other
NCGRT programs, principally by
providing critical modelling input.
Program 2 continues to foster strong
international collaborations and
partnerships. Adrian Werner has been
undertaking his sabbatical with the École
Polytechnique Fédérale de Lausanne in
Switzerland, while John Doherty has
spent time working with the United
States Geological Survey (USGS) and
gave an invited talk at the Geological
Society of America’s annual conference
in Minneapolis. Craig Simmons and Dr
Randy Hunt (USGS) convened a session
on ‘Complexity in Modeling: How much
is too much?’ at the Geological Society
of America. Craig also gave talks at
World Bank in Washington DC,
University of Texas at Austin and
Michigan State University and visited the
USGS and the University of Neuchâtel.
He was invited to give a plenary address
at the 2nd International HydroGeoSphere
Users Conference in Hanover. A number

Craig Simmons
of students have also travelled abroad
this year to conferences and to
visit universities overseas, and notably,
Yueqing Xie was awarded a Flinders
University Overseas Travelling Award.
Program 2 is playing a major role in the
new National Water Commission National
Groundwater Modelling Guidelines.
Craig Simmons is project director, while
Vincent Post, Adrian Werner and visiting
fellow Randy Hunt have authored
chapters. Work with Geosciences
Australia on the National Water
Commission National Seawater Intrusion
Audit is continuing with excellent
leadership provided by Adrian Werner
and PhD candidate Leanne Morgan.
Finally, Craig Simmons was awarded a
number of very prestigious awards in
2011, as described in his biography
earlier in this document. PhD candidate
Tariq Laattoe was awarded the Hodgson
Medal at the South Australian branch
awards of the Australian Water
Association and honours student Megan
Sebben was awarded a Playford
Memorial Trust Scholarship. This
recognition illustrates the strength of the
Program 2 team. Furthermore, Adrian
Werner currently serves as an associate
editor for Journal of Hydrology and
Vincent Post is editor of Hydrogeology
Journal.
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Breakthrough on
contaminant plumes
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BY JASON WHYTE

A FLINDERS-BASED PROGRAM 2 TEAM
COMPRISING PHD CANDIDATE YUEQING
XIE, PROFESSOR CRAIG SIMMONS
AND ASSOCIATE PROFESSOR ADRIAN
WERNER IS INTERESTED IN
CONTAMINATION ‘PLUMES’, IN WHICH
CHEMICALS SUCH AS SALT SPREAD
THROUGH AN AQUIFER IN A FEATHERLIKE SHAPE FROM A SOURCE OF
CONTAMINATION. UNDERSTANDING THE
MOVEMENT OF THESE PLUMES MEANS
IT IS POSSIBLE TO ANTICIPATE THE
HARM CAUSED TO GROUNDWATER BY
A CONTAMINATION EVENT, AND WHICH
USERS WILL BE AFFECTED BY IT.
Of particular interest to the team are
‘dense plumes’ which are denser than
the surrounding groundwater. These
occur as a result of common events such
as leakage from landfill sites, or the
infiltration of dense brine from salt lakes
into aquifers below. Industrial pollution
and leaked sewerage can also create
dense plumes.
Density is important when trying to
predict the movement of a plume.
Yueqing illustrates this with an example.
‘Suppose an accidental spill from a truck
causes a contaminant plume in the
groundwater. If the plume is dense, it will
have to move vertically due to gravity in
addition to moving laterally like
groundwater does. If the model neglects
the density of the plume, we will
incorrectly predict the flow paths of the
contamination and possibly underestimate
the size of the affected area.’
There are some challenges in predicting
the movement of a dense plume. The
varying properties of soil from place to
place mean that dense plumes in
different locations can take very different
paths through the soil. It is not possible
to exactly model these properties at
all locations, leading to some degree of
inaccuracy between a prediction and
what actually occurs.
The processes influencing a plume’s
movement also make accurate
prediction difficult. ‘When a dense plume
occurs underneath a salt lake or a landfill
site, it will be pulled down by gravity
through groundwater to form fingershaped discrete plumes. As a result, the
groundwater has to be displaced
upwards to make room for the dense
liquid. This process will continue until the

HEIDI LINEHAN

Yueqing Xie (left) with Program 2 colleague Ty Watson
dense plume and the groundwater are
fully mixed,’ explains Yueqing. This is an
example of what is called an ‘unstable
process’. Unstable processes are very
sensitive to even small errors in
modelling, leading to an unavoidable
loss of accuracy in the prediction made.
Furthermore, Yueqing explains, ‘different
people may use different methods,
which are all reasonable. Even slight
differences can cause different results’.
Perversely, collecting field data to check
the accuracy of predictions is itself made
difficult by the inaccuracy of predictions.
In an experiment on a test site, you
need to have a good idea of where the
introduced contaminant will be after a
certain period of time, so that you can
know where to look to obtain the
measurements that act as a check on
the accuracy of your model. It is
not practical to look everywhere for the
contaminant. That you need to know
roughly where to look is termed ‘intuition’
by Yueqing.

‘Intuition is a priori knowledge for giving
a quick and approximate estimation. We
wouldn’t even know where and how to
start to perform experiments in the field
or the lab without intuition.’
Yueqing has developed simple analytical
criteria to inform intuition, and these
have significantly improved the
predictive capability of contaminant
models. ‘Once we have sufficient data
on fluid and aquifer properties, the
speed of plume descent can be reliably
approximated using the criteria. Our
research shows that we can predict the
speed to within a factor of ten of its true
value as long as our data are reliable,’
says Yueqing.
The team’s work represents a major
breakthrough for variable density
groundwater flow as it significantly
enhances researchers’ ability to reliably
use models to make predictions. More
broadly it could help guide the ‘cleanup’
of aquifers after a contamination.
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Program 3
Surface Water – Groundwater
Interactions
PROGRAM LEADER:
PROFESSOR PETER COOK, FLINDERS UNIVERSITY/CSIRO
Chief investigators:
Dr Martin Andersen, UNSW
Professor Ian Cartwright, Monash
Dr Massimo Gasparon, UQ
Dr Marc LeBlanc, James Cook
Professor Ling Li, UQ
Professor David Lockington, UQ
Partner investigators:
Dr Glenn Harrington, CSIRO
Dr Sebastien Lamontagne, CSIRO

PROGRAM 3 SEEKS TO UNDERSTAND
MECHANISMS OF WATER FLOW
BETWEEN GROUNDWATER AND
SURFACE WATER, AND TO DEVELOP
METHODS FOR QUANTIFYING THE
EXCHANGE.
In many systems there is a net flow of
groundwater to surface water or vice
versa; surface-water and groundwater
budgets are not independent. This
interconnectivity of surface water and
groundwater is often not fully recognised,
and this can lead to double accounting
and double allocation of resources.

PROGRAM 3 ALSO EXAMINES HOW
WATER EXCHANGES AFFECT STREAM
AND GROUNDWATER QUALITY, AND THE
LINK BETWEEN WATER AND CHEMICAL
FLUXES.
Program 3 is active at a large number
of field sites, spanning all mainland
states and the Northern Territory, and to
date 8 postdoctoral fellows and 11 PhD
candidates have commenced in the
program.
In 2011 we continued to collaborate with
the Queensland Department of
Environment and Research Management
to study groundwater discharge from the
Burdekin floodplain aquifers to surface
water and the ocean. The final report for
this project was completed in December.
The work will contribute to development
of an integrated surface-water and groundwater management plan for the region.
In conjunction with Program 2 and
CSIRO, Program 3 ran a short course on
surface water – groundwater interaction
in November. The course was aimed at
groundwater professionals and was
designed to summarise the current state
of measurement and modelling of
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surface water – groundwater interaction,
and, in particular, the issue of double
accounting in surface water and
groundwater.
In 2011 we extended our relationship
with Dr Judson Harvey of the US
Geological Survey; he visited Flinders
University in April, giving a talk on the
predictability of surface water –
groundwater interactions and aquatic
ecology, and interacting with a number
of PhD students.
PhD candidate Chani Welch was chosen
to participate in the 2011 Australia–Korea
Next Generation Leaders Program. Ten
Australian delegates, from across
government, private industry and
academia, discussed sustainable water
resources management, toured sites of
Korea’s main rivers, met with officials at
state agencies and water treatment
companies, and participated in think
tanks with leading water professionals.
A number of projects are focusing on
quantifying groundwater flow to streams.
Harald Hofmann, Benjamin Gilfedder and
Ian Cartwright published a notable paper
in Environmental Science and
Technology, presenting a new method
for quantifying groundwater discharge
to streams and rivers using real-time
radon measurements.
PhD candidate Nicolaas Unland has
been studying groundwater – surface
water interaction in the Tambo River
catchment with a focus on processes in
the tidal zone. Quantification of
groundwater inflows in this catchment
has involved integrating geochemical
tracers and heat (in collaboration with
Program 1) and also water use by the
floodplain vegetation (in collaboration
with Program 4).
PhD candidate Alex Anderson is
studying upper catchment water
retention in the Gellibrand catchment
using a combination of river flows, soil
moisture, and river, soil water, and
groundwater geochemistry. This project
will determine the changing sources of
water to perennial rivers in upland
catchments.
Working in coastal areas in south-east
Queensland, PhD candidate Chenming
Zhang is looking at the transport and
distribution of salt in an estuarine marsh
system under the influence of tides,
evaporation and rainfall. The overall

Peter Cook
research outcomes will ultimately
improve our understanding of the
hydrological and ecological processes
underlying estuarine wetlands as well as
providing fundamental knowledge for
wetland management.
A number of sites are being instrumented
to measure loss rates on losing and
intermittent streams. In the Maules
Creek catchment (a tributary of the
Namoi River), postdoctoral fellow Joshua
Larsen is examining the physical and
water quality impacts of groundwater
extraction adjacent to a losing stream.
An abstraction bore and a system of
monitoring bores have been installed at
the site and the first pumping experiments
are scheduled for February 2012.
Surface-water and shallow groundwater
monitoring sites have also been
established in ephemeral rivers in the
Fortescue and Ti Tree basins. In the
Fortescue Basin, the NCGRT is working
closely with Rio Tinto to understand
leakage from ephemeral creeks that
receive discharge from minedewatering. Because of the discharge of
mine water, these creeks now flow
perennially, which makes studying them
much easier. PhD candidate Sarah
Bourke has been measuring temperature
and radon beneath these creeks, and
using this data to measure infiltration
rates, while in the Ti Tree Basin, PhD
candidate Cameron Wood is using
groundwater chemistry to determine the
proportion of groundwater recharge
from ephemeral streams.
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Inert gas actively contributing to
knowledge of groundwater discharge
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BY JASON WHYTE

IF YOU THINK OF WETLANDS
AS UNPRODUCTIVE LAND, MONASH
UNIVERSITY POSTDOCTORAL FELLOW
HARALD HOFMANN EXPLAINS THAT
THEY ARE QUITE THE OPPOSITE.
‘WETLANDS PROVIDE IMPORTANT
BREEDING GROUNDS FOR MANY BIRD
SPECIES AND HABITAT FOR MANY
MAMMALS, AMPHIBIANS, FISH AND
INVERTEBRATES’ HE SAYS. AS A RESULT,
UNDERSTANDING THE IMPACT OF
DROUGHTS ON WETLANDS IS CRUCIAL
IN PROTECTING THE HABITATS OF
AUSTRALIAN NATIVE SPECIES.
Streams and wetlands receive water
from rainfall and from other watercourses,
or from groundwater discharge. The
water sources feeding a wetland dictate
its sustainability in dry periods. For
example, wetlands that receive most of
their water from rainfall are likely to dry
out during droughts, when surface water
evaporates and groundwater discharge
is inadequate. This can make the
habitat unfavourable for native birds and
other animals. By understanding the
dependence of a stream or wetland on
groundwater discharge, we can identify
and anticipate the vulnerability of its
ecosystem to drought conditions.
In systems that are groundwater fed,
groundwater discharge to streams and
wetlands does not occur everywhere
and at all times; on the contrary, it varies
with time and location. Identifying
regions that are groundwater fed for at
least some of the year requires an
understanding of this. NCGRT Program
3 researchers Harald Hofmann and Ben
Gilfedder are investigating the variability
of groundwater discharge in the Sale

Wetlands (and surrounding rivers in the
Gippsland Basin), a significant drought
refuge for native waterbirds and other
animals and plants, some of which are
rare, vulnerable and endangered in
Victoria. The wetland is also one of the
last areas of river red gum in Gippsland.
When these wetlands dry out, birds are
known to breed less readily.
Groundwater discharge can be determined
by knowing the concentrations of a
particular environmental isotope —
radon — in the surface water. Radon is
an inert gas created by the decay of
radium in the uranium decay chain in
rocks and soils. As radon is only present
in the atmosphere at very low
concentrations, any radon measured in
surface water must have originated in
underground rock where it emanates
into groundwater and is then transported
to the surface by groundwater discharge.
Using radon as a tracer for groundwater
discharge is not a new idea.
Point measurements have been used to
determine the concentration of radon in
surface water at particular locations and
at particular times, for example, once per
season, or every day for one particular
week of the year. This gives a limited
picture of the groundwater discharge as
it covers only a small proportion of the
climatic conditions in a given year.
To address this, Ben and Harald have
developed a new system for
continuously measuring the radon
concentration in water and deployed this
on a novel floating platform. The data
obtained will give them a more detailed
picture of the variability of groundwater
discharge and how it responds to

climatic variables such as rain and floods.
The radon monitors, together with
instruments for continuously measuring
salinity and temperature, are contributing
to increased knowledge of where the
water in wetlands comes from and how
it is influenced by environmental
variables. One possible application
of this information is in managing water
resources to ensure wetlands receive
enough water to sustain their
ecosystems.
Ben and Harald’s study shows that an
inert gas can do a lot of useful work in
securing the future of threatened species
in the Sale Wetlands.

BENJAMIN GILFEDDER

Radon monitoring platform, the
‘SS Monash’ deployed at the Long
Waterhole in the Sale Wetlands
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Program 4
Groundwater–Vegetation–Atmosphere
Interactions
PROGRAM LEADER:
PROFESSOR DAVID LOCKINGTON, UNIVERSITY OF QUEENSLAND
Chief investigators:
Professor Ian Cartwright, Monash
Dr Edoardo Daly, Monash
Professor Derek Eamus, UTS
Dr Huade Guan, Flinders
Assoc. Prof. Catherine Lovelock, UQ
Dr Matthew McCabe, UNSW
Assoc. Prof. John Webb, La Trobe
Research associate:
Dr John Hutson, Flinders

PROGRAM 4 PRIMARILY CONSIDERS
GROUNDWATER–VEGETATION–
ATMOSPHERE INTERACTIONS IN THE
CONTEXT OF EVAPOTRANSPIRATION
AND GROUNDWATER RECHARGE
QUANTIFICATION, AND THE SENSITIVITY
OF GROUNDWATER-DEPENDENT
ECOSYSTEMS TO CHANGES
IN GROUNDWATER LEVELS AND
CHEMISTRY.
In both cases, we aim to establish
robust and efficient tools for quantifying
vegetation water use for sustainable
groundwater management.
Program 4 includes researchers from six
partner universities. In 2011 we focused
on a relatively small number of exemplar
field sites where processes can
be comprehensively studied. We are
building capacity through training
graduate students as well as by working
with external researchers from other
disciplines, such as botany, ecology,
micrometeorology and hydrology.
In 2011, we have continued to develop
cutting-edge research sites at the
Moreton Bay Islands in Queensland, and
at Wellington, Baldry and Kangaloon in
New South Wales. These sites will be
excellent for developing monitoring and
modelling tools, as well as presenting
opportunities for generating fundamental
knowledge. In particular, infrastructure at
Baldry motivated a successful ARC
Discovery grant in 2011. In addition, work
on infrastructure at several Education
Investment Fund sites continues, and in
2011 researchers put in considerable
efforts at Ti Tree Basin, Wellington, and
Stradbroke Island. The development
of these sites has already triggered
collaboration across the program,
between NCGRT programs and with
external researchers.
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A strong focus for Program 4 in 2011 has
been building links with meteorological
researchers to improve our capacity to
measure precipitation and
evapotranspiration dynamics in the
context of forecasting recharge. In 2011,
David Lockington secured a PhD
candidate jointly supervised by
an external climatologist, while Edoardo
Daly recruited a postdoctoral fellow with
experience in measuring large-scale
evapotranspiration, which will support
his collaboration with a Monash University
meteorologist. Matthew McCabe also
enhanced his collaboration with climatemeteorological experts, winning an ARC
Discovery grant based on the
infrastructure development at Baldry.
Program 4 mainly considers larger scale
processes. Chief investigators Huade
Guan and Matthew McCabe have
backgrounds in hydro-climatological
data analysis and modelling, and
extending land–atmosphere dynamics to
include groundwater impacts is a major
focus of their research. Huade recruited
a postdoctoral fellow in 2011 to support
research into the use of regional-scale
climate–land-use–groundwater models
to explore groundwater–vegetation–
atmosphere interactions during extreme
temperature events across south-east
Australia. Matthew’s group is building a
large-scale monitoring–modelling
framework which is more physics based.
Initial testing in 2011 has been against
Danish datasets, but application to the
Wellington Education Investment Fund
site is planned. The two groups
communicate regularly.
Chief investigators Derek Eamus, David
Lockington and Edoardo Daly are mainly
focused on developing methods to
quantify the sensitivity of groundwaterdependent ecosystems to groundwater
changes. In 2011, Derek’s team has
focused on the research sites at
Kangaloon, where they can assess the
impact of watertable depth on a number
of groundwater sensitive species. In
2010–11 the team collected data for a
wide range of hydraulic parameters.
Initial data has clearly demonstrated for
the system studied that some aspects
of tree function, but not all, are sensitive
to the availability of groundwater. The
group plans to use the information to
further develop their groundwaterdependent ecosystem assessment tools
and models.

David Lockington
A core focus of Edoardo’s group is the
development of fine-scale models of the
groundwater–plant–atmosphere
pathway; in 2011 they built a porous
media continuum model of the system.
Edoardo also recruited a postdoctoral
fellow to support expanded field studies,
mainly at Victorian sites.
University of Queensland chief
investigators David Lockington and
Catherine Lovelock together focus on
measuring and modelling the sensitivity
of coastal vegetation to groundwater
availability and chemistry. Field sites
were established in 2010 on the
estuarine Brisbane and North Pine rivers.
Preliminary data analysis was completed
in 2011 on mangrove species’ and
several coastal species’ water use. The
major flood in January 2011 largely
destroyed the Brisbane river site;
however, field measurements prior to
January have yielded new, basic data on
the water use and sensitivity of a number
of mangrove species. More extensive
coastal Education Investment Fund sites
have been initiated in 2011; researchers
across programs 3, 4 and 5 are actively
involved together with external
researchers.
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The underground life
of mangroves
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BY STACEY RICHARDSON

AUSTRALIA HAS THE THIRD LARGEST
AREA OF MANGROVE FORESTS IN THE
WORLD. MANGROVE FORESTS ARE
LOCATED ON THE COASTAL AND
RIVERINE SHORES OF THE TROPICS AND
SUBTROPICS, AND PROVIDE ESSENTIAL
SERVICES SUCH AS COASTAL
PROTECTION, CARBON SEQUESTRATION
AND ACT AS NURSERIES FOR MARINE
ORGANISMS.
Because of their position in the intertidal
zone, it is recognised that mangroves
receive different types of water, including
sea water, river water, rainwater and
groundwater, but information about the
use of freshwater sources by mangroves
is scarce. However, Nadia Santini, an
NCGRT Program 4 PhD candidate, has
conducted research which shows that
mangroves are highly dependent on
freshwater sources.
‘People may think that, because
mangroves are close to the sea, they
are principally dependent on sea water.
Our research, however, has found that
mangrove growth actually depends on
freshwater sources, such as rainfall and
groundwater,’ she says.
Using oxygen isotopes as tracers, a
team from the University of Queensland
are investigating the mangroves
near Exmouth in Western Australia. By
comparing the oxygen isotope
signatures of water extracted from the
stems of mangrove trees to those of
nearby saltwater, surface-water and
groundwater sources, they have found
that the mangroves use a mixture of
water sources to support their metabolic
processes. These sources include
groundwater.

BILL & MARK BELL

Mangroves in Exmouth, WA, near to those Nadia Santini is studying
‘Our results show that the mangroves in
the Exmouth Gulf are dependent on
groundwater. When rainwater is not
available, approximately 30% or more of
the water used by mangroves for
growth is groundwater. This means that
reducing this groundwater source would
have negative effects on the mangrove
ecosystem,’ Nadia says.
Using Bayesian modelling, the team is
now investigating the exact mix of water
in the plant xylem to work out the relative
proportions of each contributing water
source. This will allow scientists to better
assess the mangroves’ dependence on
freshwater sources, such as groundwater,
and consequently, to estimate the
impact of groundwater extraction on
these important ecosystems.

Nadia also highlights linked NCGRT
research projects that are aimed at
investigating the water inputs of other
estuarine ecosystems. ‘We have
researchers working on coastal and
riverine vegetation such as saltmarsh
and grasses as well as common
Australian vegetation, like Banksia and
Casuarina, and there is a project up in
the Daintree. These are all very important
ecosystems and understanding the
sources of water they are using could
help to better plan Australian use of
water resources.’
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Program 5
Integrating Socioeconomics,
Policy and Decision Support
PROGRAM LEADER:
PROFESSOR TONY JAKEMAN, THE AUSTRALIAN NATIONAL UNIVERSITY
Chief investigators:
Dr Barry Croke, ANU
Professor Allan Curtis, Charles Sturt
Assoc. Prof. Alex Gardner, UWA
Professor Neil Gunningham, ANU
Professor Jennifer McKay, UniSA
Assoc. Prof. Wendy Merritt, ANU
Professor David Pannell, UWA
Dr Jennifer Ticehurst, ANU

PROGRAM 5 COVERS THE POLICY, LEGAL,
INSTITUTIONAL AND CULTURAL ASPECTS
OF GROUNDWATER SYSTEMS. THROUGH
CASE STUDIES AND INNOVATIVE
METHODOLOGICAL DEVELOPMENTS,
ANALYSIS, MODELLING AND DECISION
SUPPORT, METHODOLOGIES AND
INSIGHTS ARE DEVELOPED THAT ARE
TRANSFERRABLE TO OTHER SYSTEMS.
2011 saw the development of several
new initiatives and partnerships:
• We began work on assessing the
opportunities for managed aquifer
recharge at large catchment scales
and have a national workshop on this
issue planned for April 2012.
• A three-year project with the Victorian
Government and the North Central
Catchment Management Authority on
assessing the impacts of water
allocations on agriculture and
groundwater-dependent ecosystems
began in July.
• We also enhanced our partnership
with the NSW Office of Water, with a
new project evaluating their
compliance and enforcement policies
and practices.
• We were doubly successful in obtaining
joint funding with the University of
Canberra from the Australian
Government’s Collaborative Research
Networks program and from the
National Climate Change Adaptation
Research Facility. The former allows
us to strengthen our focus on water
allocation impacts on groundwaterdependent ecosystems. The latter
allows us to broaden our climate
change assessment and adaptation
work to include water quality and
brings with it two new partners, the
ACT Government and ACT Electricity
and Water (ACTEW).
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All of our new partners, as well as our
existing partners including the Cotton
Catchment Communities CRC, the
Wakool Shire, the Murray and Wimmera
catchment management associations,
the Adelaide and Mount Lofty Ranges
Natural Resources Management Board,
the SA Department for Water,
and Environment Canterbury NZ, are
valuable because they bring new
knowledge, commitment, problem
focus, substantial funding and in-kind
resources.
Contributing further to our engagement
with industry, Allan Curtis developed and
presented a new course: ‘Groundwater
for decision makers’. This will be offered
again in 2012.
The third year of the centre’s operations,
2011, saw the maturation of a number of
our ongoing projects. The philosophy of
integration and involvement behind these
projects has continued, and a number of
new students are closely involved.
The Namoi project is entering its third
and final year in 2012, and we are close
to an integrated model that will allow
simulation of the trade-offs between
agricultural productivity and
environmental indices ensuing from
climate change, water allocation policy
and farm innovations.
Since its inception in mid-2009, the
Willunga project has focused on
developing a rigorous and transparent
methodology for linking stakeholder
views, management scenarios, and
modelling questions.
The Namoi and Willunga projects are
also being used as vehicles to extend
our framework and tools for managing
uncertainty in groundwater management
by creating a ‘closed question modelling’
methodology. The methodology
potentially provides a new perspective
for addressing uncertainty in a simple,
practical yet comprehensive way.
The Lachlan project builds on the issuebased information system (IBIS)
methodology to develop an integrated
hydro–ecological model of the Lachlan
catchment that incorporates
groundwater–ecosystem interactions.

Tony Jakeman
The social research team led by Allan
Curtis is contributing comprehensively to
integrated research efforts in the Namoi,
Willunga, Lachlan and, in 2012, the
Campaspe catchments. In these
projects, the focus is on contributing to
effective interdisciplinary research
teams; providing expertise on
participatory research processes; and
undertaking high quality social research,
particularly on the themes of resilience
thinking in resource-dependent
communities, factors affecting rural
conservation practices, stakeholder trust
and risk in groundwater management,
and governance in managed aquifer
recharge using floodwaters.
2011 presented many reasons to be
proud of our Program 5 students. In late
August, PhD candidate Madeleine
Hartley commenced a year of external
study at the Sturm College of Law,
Denver University, Colorado, where she
is looking at Colorado law on
groundwater management. PhD
candidate Emily Barbour received one of
only three awards in open competition
for her talk at Watermatex in Spain last
June, while Rachel Blakers received two
awards: the first at MODSIM in Perth for
being in the top 10% of presentations,
and the second at the MODFLOW and
More conference in Golden, Colorado
where she was judged to have the best
abstract.
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Roundtable assists the cycle
of turning science into policy
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BY STACEY RICHARDSON

IN JUNE 2011, NATIONAL CENTRE FOR
GROUNDWATER RESEARCH AND
TRAINING RESEARCHERS AT THE
UNIVERSITY OF SOUTH AUSTRALIA
HOSTED THE FIRST ANNUAL
GROUNDWATER REGULATION
ROUNDTABLE, A FORUM DESIGNED TO
BRING TOGETHER SENIOR POLICY
ADVISERS, RESEARCHERS, AND
STUDENTS FROM BOTH NATIONAL AND
INTERNATIONAL ORGANISATIONS TO
DISCUSS GROUNDWATER REGULATION
ISSUES.
Entitled ‘Regulatory fragmentation in
groundwater management: examples to
overcome this from UNESCO, the United
States and Australia’, the forum was
attended by leading national and
international experts in the field of water
management, policy makers from
Canberra, students, and private sector
stakeholders.
The roundtable was the brainchild of
Jennifer McKay, a chief investigator of
the NCGRT’s Program 5 and professor
at the University of South Australia’s
Centre for Comparative Water Policies
and Laws, who recognised that a forum
of this kind was missing in Australia.
‘In Australia we have many large forums
for these issues but I recognised that we
lacked something more intimate that
would allow greater interaction and
discussion,’ says Jennifer. ‘This will
become an annual international and
national event structured around people
from private and public sectors who are
concerned with advancing water policy
and reducing fragmentation of policy
frameworks to achieve sustainable
development in urban and rural sectors.’

Jennifer McKay
The first roundtable event hosted two
international speakers: Professor Jean
Fried from UNESCO, and Professor
Robert Glennon from the University of
Arizona. In addition, Mr Scott Ashby,
CEO, and Mr Ben Bruce, Director of
Science Monitoring and Information,
from the SA Department for Water
attended, with Ben presenting an
overview of groundwater in South
Australia. A discussion panel with the
presenters closed the event and was
extremely well received by attendees.
‘The audience all enjoyed it,’ recalls
Jennifer, ‘and, as there were many
science students and science
professionals present, they particularly
enjoyed discussing the issues involved in
the translation of science into policy.’
Jennifer has announced that the second
Groundwater Regulation Roundtable, to
be held in 2012, will host Eiman Karar,
Director of Water Resources
Management for the South African Water
Research Commission. ‘Australia has a
lot to offer other countries, and other
countries have a lot to offer us, in
particular countries like South Africa. We
look forward to hosting Eiman in 2012.’

Promotional poster for Jennifer
McKay’s roundtable
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The Australian Government’s decision to
launch the Super Science Initiative was
announced in May 2009. The initiative
addresses three of the national research
priorities outlined in the 2008 Strategic
Roadmap for Research Infrastructure
through the injection of $1.1 billion
to support the development of research
infrastructure that will make a lasting
contribution to Australian science. Of
this, $15 million was earmarked to
establish a new Groundwater Education
Investment Fund (EIF) to develop a
series of world-class groundwater
infrastructure sites across Australia.

The Groundwater EIF is administered by
the Department of Innovation, Industry,
Science and Research, which entered
into an agreement with the University of
New South Wales at the beginning of
2010 to oversee the development of the
field research sites. The development
program is managed by UNSW Super
Science project director Professor Ian
Acworth. Professor Acworth has worked
closely with the centre’s Research
Management Committee in selecting and
developing research sites that align with
the centre’s research priorities and
expertise.
There are six main groundwater
infrastructure sites. They are:
• Wellington, New South Wales
• Namoi, New South Wales
• Ti Tree, Northern Territory
• Willunga, South Australia
• North Stradbroke Island, Queensland
• Ovens Valley, Victoria.
These are shown on the map in the first
section of this report.
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In 2011, infrastructure development
continued at all of these sites, and many
sites are beginning to yield preliminary
results. For example, Program 5 is close
to completing a project at the Namoi
site, simulating the trade-offs between
agricultural productivity and
environmental indices. Program 2 has
been involved with the Willunga site,
providing significant modelling input.
Program 4 has invested significant
efforts developing infrastructure at Ti
Tree and Wellington, while also in the Ti
Tree Basin, Program 3 has established
surface-water and shallow groundwater
monitoring sites.
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Willunga Basin $3.4 million study
leads national water research
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HEIDI LINEHAN

Casual NCGRT technical support officer Glynn Wilson working at the Willunga Super Science site

A MAJOR GROUNDWATER STUDY OF
THE WILLUNGA BASIN NEAR ADELAIDE
IS BRINGING TOGETHER THE SA
DEPARTMENT FOR WATER, SA WATER,
UNITED WATER, AND THE ADELAIDE AND
MOUNT LOFTY RANGES NATURAL
RESOURCES MANAGEMENT BOARD TO
EXAMINE THE INTERACTIONS BETWEEN
CLIMATE, LOCAL WATERCOURSE FLOW
AND USERS OF THE WATER ABOVE
GROUND.
The Willunga Basin $3.4 million, threeand-a-half year study is being
coordinated by the National Centre for
Groundwater Research and Training and
uses infrastructure funded by the
Australian Government’s Super Science
Initiative. The area supports a large wine
industry in the McLaren Vale region;
smaller production outputs in the
district include olives, almonds and
agro-forestry.

Work involving local and US-based
researchers began in March 2011,
following the installation of ten shallow
bores and three deep wells in the Pedler
Creek catchment to test the interaction
of creeks and groundwater. Another
30 wells are now being drilled to test flow
from fractured rock highlands into the
basin. These will inform detailed
research examining the interaction of
surface water and groundwater in the
creek system, modelling of the interface
between groundwater and nearby
coastal sea water, and a tracer
investigation to look at inter-aquifer
leakages.

More broadly, over time the study will
model economic and ecological changes
resulting from climatic conditions as well
as management policies, which may help
to predict future outcomes. Variables to
be tested will include changes in weather
patterns and, equally importantly,
responses by irrigators to, and the
impacts of water management policies.
Research fellow Eddie Banks says that
the Willunga Basin study will be a
milestone. ‘To have sufficient funding
available to develop new infrastructure
doesn’t happen all the time,’ he says.
‘It’s a golden opportunity to do some
great research.’
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OVERVIEW
Building capacity in Australia’s
professional groundwater community is
a core NCGRT strategy and will
undoubtedly be the lasting legacy of the
centre.

CUMULATIVE COMMENCEMENTS
AS AT DECEMBER 2011
60

50

The NCGRT is building capacity by:
• attracting and retaining researchers of
high international standing from
Australia and overseas, as well as the
most promising research students
• providing high-quality postgraduate
and postdoctoral training for the next
generation of professionals and
researchers
• offering Australian researchers and
groundwater professionals access to
world-class infrastructure, training,
equipment and key research
information and technologies
• providing excellent professional
training programs to internal and
external stakeholders.

RECRUITMENT PROFILE
In 2011 our research community
continued to grow and at the time of
writing this report we have 48 PhD
candidates and 30 postdoctoral fellows
working at the centre.
There are also four research assistants,
three technical support officers and
three research fellows supporting
research operations across all five
programs.
We have had 20 of 22 honours students
complete their studies in 2011; of the
remaining two, one as a part-time
student will finish in 2012, and the other
withdrew early. The centre supports
three undergraduate positions which are
co-funded with other partner
organisations.
These numbers are extremely pleasing,
and as our key performance indicators
show, the centre is successfully
achieving its revised cumulative
recruitment targets.
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We have completed a major upgrade of
our student database, enabling the
centre to capture dynamic biographical
and performance data. This new
database is allowing us to monitor
student progression and vacancies in
more detail and to respond where
necessary in a timely manner.
In our most recent recruitment round, we
received a total of 87 applications for
postdoctoral and PhD positions; of these
15 applicants were shortlisted to be
interviewed, and 7 have been successful
in obtaining positions with the centre.
This demonstrates both the desirability
of studying with the centre, and our
determination to only take on the best
PhD candidates and early-career
researchers.
In total in 2011, the NCGRT appointed 12
new postdoctoral fellows, 8 new PhD
candidates and 21 new honours
students.

Postdoctorate

AWARDS
The number of students and staff who
have been presented with or nominated
for awards in 2011 highlights the quality
of the research being undertaken by the
NCGRT. For example:
• Professor Tony Jakeman (Program 5
leader) was presented Masaryk
University’s silver medal for
his contributions to environmental
modelling.
• Chief investigators Professor
Ian Acworth, Dr Martin Andersen, Dr
Bryce Kelly and Dr Wendy Timms,
along with postdoctoral fellows
Dr Anna Greve and Dr Gabriel Rau, all
from Program 1, were finalists in the
2011 Eureka Prize for Water Research
and Innovation as part of the
Connected Waters Initiative team.
• Tariq Laattoe (Program 2 PhD
candidate) won the Hodgson Medal at
the South Australian branch awards of
the Australian Water Association.
• Alice Drummond (Program 5 honours
student) won best undergraduate
thesis at the Western Australian
branch awards of the Australian Water
Association.
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• James McCallum (Program 2 PhD
candidate) and Joseph Guilliaume
(Program 5 PhD candidate) won
awards for papers presented at the
2010 National Groundwater
Conference.
• Sondoss El Sawah (Program 5
postdoctoral fellow) was awarded
the postgraduate water prize at the
Australia Capital Territory branch
awards of the Australian Water
Association.
• Megan Sebben (Program 2 honours
student) was awarded the Playford
Memorial Trust Scholarship.
• Gregoire Mariethoz (Program 1 chief
investigator) was awarded best paper
at the 1st Conference on Spatial
Statistics.
• Michael Short and Lauren Stephens
(Program 3 honours students) were
awarded SA Water honours
scholarships.
• Rachel Blakers (Program 5 PhD
candidate) was awarded a travel
grant to the MODFLOW and More
Conference in Colorado — her
submission was awarded the best
student abstract submitted to the
conference.
• Professor Craig Simmons (centre
director) was awarded the Anton
Hales Medal for contributions to the
earth sciences by the Academy of
Science. He was elected as a fellow of
the Royal Society of South Australia in
June 2011, and was awarded Flinders
University ‘researcher of the year’.
• Dr Martin Andersen and Dr Wendy
Timms (Program 1 chief investigators)
were awarded first prize for best
poster at the 2011 International
Association of Hydrogeologists New
South Wales Groundwater
Symposium.
• Mr Alexander Rogan (honours
student), Dr Anna Greve (postdoctoral
fellow) and Dr Wendy Timms (chief
investigator) from Program 1 were
awarded best technical presentation
at the 2011 International Association
of Hydrogeologists New South Wales
Groundwater Symposium.
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• Dr Anna Greve (Program 1
postdoctoral fellow) received an
award for the best presentation at the
17th Near Surface Conference of the
European Association
of Geoscientists and Engineers.

Peter Baker, principal science advisor at
the Department of Sustainability,
Environment, Water, Population and
Communities, and Ben Bruce, director of
science, monitoring and information at
the South Australian Department for
Water.

NCGRT RESEARCH
AMBASSADORS

A wide range of other activities and
lectures took place during the week,
from strategic planning activities, which
assisted in defining and refining our
centre research priorities, through to
lectures on technical, policy, legal and
management issues. Specialist
presenters included Professor Mark
Israel, associate dean (learning and
teaching) of the University of Western
Australia’s Faculty of Law, who delivered
a thought-provoking session on ‘Ethics
and Integrity in Research’, and Andrew
Boulton, chief editor of the CSIRO
journal Marine and Freshwater Research,
who presented on getting published.

The NCGRT research ambassadors
program was launched in 2011 as an
internal professional development
program aiming to increase students’
professional skills and to improve their
career prospects.
The inaugural program focused on
science communication, and was
designed by Mark Douglas of Ethos
Australia. It was held over four days in
June and August 2011; award-winning
BBC reporter Sharon Mascall provided
media training, and acclaimed
presentation coach and dramatist David
Griggs gave students practical tips on
how to sharpen their presentation skills.
In 2011 13 students graduated from the
program which will be offered again in
2012 with a wider variety of topics.

NCGRT SUMMER SCHOOL
The NCGRT hosted its inaugural summer
school in 2011, providing the entire
centre, including students, researchers,
and staff, with an opportunity to come
together.
The program was held late in the year at
Flinders University. The summer school
allowed participants to discover what
is happening in each research program,
university node, and in individual
projects. With so many students and
researchers spread institutionally
and geographically across Australia, it
allowed the centre to build an
environment of collaboration.
Another outcome of the summer school
was that, through a series of government
presentations, our researchers gained
a better understanding of the needs of
policy and decision makers, and
students gained an appreciation of how
their research may be used to influence
policy and management decisions.
Presenters included James Cameron,
CEO of the National Water Commission,

TECHNICAL FIELD METHODS
SCHOOL
The University of New South Wales node
conducted a high-level technical field
methods school for 4th year civil and
environmental engineering students as a
groundwater elective. Forty-two students
— most already in the workforce —
participated over three and a half days at
the Wellington Super Science site; this
was preceded by 24 hours of lectures
and tutorials.
Students trained in the fields of
hydrogeology, hydrochemistry and
geophysical methods and were then
assessed on individual reports
summarising the groundwater resources
at the University of New South Wales
Wellington farm site and the options for
increasing irrigation at the site.
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NUMBER OF PROFESSIONAL TRAINING COURSES RUN BY
THE CENTRE FOR NON-NCGRT STAFF AND STUDENTS
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In 2012 we will be developing a suite of
courses in areas such as mining
hydrology, coal seam gas, vegetation,
compliance and enforcement, and
modelling.

The program is the industry leader
in groundwater professional education,
offering short courses, technology
transfer, technical training and workshops
across Australia. The courses presented
in 2011 are listed on the following page.

We have refreshed our branding strategy
to help differentiate us as the industry
leader in the training space. We made a
number of important changes behind
the scenes, including appointing a new
industry training team and investing in
an online registration system which has
reduced operating overheads. We also
commissioned a survey in September to
gain a more detailed understanding of
what groundwater professionals want
to learn and how and when they want to
learn it.

In 2011, the training team met its target
of delivering 15 training courses;
however total attendee numbers were
slightly below our target of 550. This was
partly due to poor economic conditions
forcing organisations to reduce their
training budgets, and partly due to new
competitors in the groundwater training
space creating confusion in the market.
In view of this, our aim is to diversify our
range of programs and to ensure
competitive pricing.

These initiatives recognise the need for
our training activities to remain industryled. The feedback we received has been
invaluable in finalising the scope and
content of our 2012 training program,
reviewing of our pricing model,
commissioning a new client
management database system and
updating our range of marketing
products and tools. We are confident
that we will start to see significant
returns on these investments in 2012.

The University of Western Australia is a
founding partner of the NCGRT; the
focus of the node to date has been
Program 5: Integrating Socioeconomics,
Policy and Decision Support.

The NCGRT’s industry training program
has been successfully running for over
20 years and, since being absorbed into
the centre, continues to operate as a
not-for-profit program.

Our focus in 2012 is to formalise strong
relationships with the Australian Water
Association, the International
Association of Hydrogeologists and the
US National Ground Water Association
among others in order to attract the
highest calibre of experts, researchers
and students to deliver high-quality
professional training.

The industry training program will also
assist the NCGRT to achieve worldleading research outcomes through
workshops and discussion forums.

STRENGTHENING OF THE
WESTERN AUSTRALIAN NODE

In 2011, CSIRO and the University of
Western Australia finalised contractual
arrangements for a new professorial
appointment in Western Australia.
Professor Henning Prommer has been
appointed as the foundation Chair of
Environmental Hydrogeology. This is an
excellent outcome — Henning has a
strong track record in both research (in
reactive transport modelling) and
collaboration with industry. He will play
a key role in Program 2 on groundwater
modelling, and we are now making new
PhD and postdoctoral appointments in
Western Australia.
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NCGRT 2011 INDUSTRY TRAINING COURSES
Field methods

Wellington, NSW

Soil and groundwater pollution

Perth

Hydrochemistry and environmental isotopes

Glenelg, SA

Soil and groundwater pollution

Melbourne

Getting to know groundwater

Sydney

The Australian groundwater school

Brisbane

Groundwater for decision makers

Canberra

FEFLOW modelling

Adelaide

The Australian groundwater school

Melbourne

Well design

Perth

Well design

Brisbane

Managed aquifer recharge

Melbourne

Surface water – groundwater interactions

Sydney

Getting to know groundwater and surface water

Adelaide

The Australian groundwater school

Perth

Modelling groundwater flow

Adelaide

CAPACITY BUILDING
KEY PERFORMANCE INDICATORS

2011 target

2011 result

Cumulative target

Cumulative result

C1

Number of new postdoctoral fellows
recruited each year

12

12

31

39

C2

Number of new PhD candidates
recruited each year

15

8

48

51

C3

PhD completion rate

95%

94%*

97.5%

97%

C4

Number of new honours students
recruited each year

11

21

33

37

C5

Honours completion rate

100%

95%**

100%

97%

C6

Number of professional training courses
run by the centre for non-NCGRT
staff and students

15

16

25

27

Number of people attending professional
training courses run by the centre for
non-NCGRT staff and students

550

519

1,050

948

Number of participants in technical field
methods training modules

30

42

55

62

C7

C8

*Three students pulled out early.
**One student is studying part time and has not completed yet. One student pulled out early.
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New centrifuge sends
researchers into a spin

NATIONAL CENTRE FOR GROUNDWATER RESEARCH AND TRAINING

BY ANDY BAKER & JODI ADAMS

A NEW CENTRIFUGE COMMISSIONED
BY THE NATIONAL CENTRE FOR
GROUNDWATER RESEARCH AND
TRAINING CAN ACT AS AN
ENVIRONMENTAL ‘TIME MACHINE’,
ALLOWING RESEARCHERS TO
PREVIEW THE LONG-TERM EFFECTS
OF ACTIVITIES SUCH AS COAL SEAM
GAS AND LONGWALL MINING ON
GROUNDWATER AQUIFERS.
The centrifuge, funded by the Australian
Research Council and the National
Water Commission, is one of only two
of its kind in the world, with the optimal
capability for the assessment of
geological cores. By analysing these
cores in the centrifuge, researchers can
study the movement of water and
contaminants through clay layers, called
aquitards, which often surround aquifers.
‘It’s basically like a time machine — you
speed up gravity about 300 times
beyond normal and that in turn speeds
up water movement,’ says Professor Ian
Acworth, a chief investigator of
NCGRT’s Program 1, and director of the
Connected Waters Initiative Research
Centre at the University of New South
Wales where the centrifuge is located.

MICHELLE YOUNG

By subjecting core samples of aquitards
and ‘cap rocks’ — rocks which sit above
some aquifers — to centrifuge testing,
researchers can determine how much
water or contaminant will move into or
out of an aquifer once it is disturbed by
drilling or pumping bores.

Dr Gyanendra Regmi loads samples
into the centrifuge

Chief investigator Dr Wendy Timms
explains that coal seam gas built
up underground where ‘disconnections’
— barriers such as clay or rock that
obstruct the natural flow of water or
gas — occurred.
‘The key question is how the degree of
connection might change when
groundwater pressures change as a

result of drilling; the centrifuge will help
us understand that,’ Wendy says.
Ian notes that centrifuge testing could be
included in environmental assessment
processes for coal seam gas extraction
and coal mining to give a clear
indication of which aquifers are suitable
for mining operations and which are
vulnerable to compromise of water
reserves.
The centrifuge will add new capabilities
to the work of the National Centre
for Groundwater Research and Training.
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OVERVIEW
Implementing the NCGRT’s outreach
strategy was a critical area of focus in
2011 that resulted in the delivery of a
new and broader range of
communication and stakeholder
engagement activities. Our success in
this area was made possible by two
factors. First, the delivery of interim
research results, which provided a rich
source of original material and ideas to
share with stakeholders from the
science, industry and policy
communities. The appointment of a
strategic development officer also meant
our marketing and communications
functions benefited from sustained
management attention. This has greatly
improved the quality of our outreach
tools, and opened up a range of
networks that have been instrumental in
raising awareness of the critical nature
of Australia’s groundwater resources
and the centre’s research work.
The NCGRT has successfully achieved
all of its outreach performance targets;
the following graph underscores the
NCGRT’s success in raising awareness
of the centre’s work and of groundwater
generally.

GEOLOGICAL SOCIETY OF
AMERICA ANNUAL CONFERENCE
AND EXPOSITION
A group of centre staff and researchers,
including the director and deputy
director, attended the 2011 Geological
Society of America annual conference
and exposition held in 2011 in
Minneapolis.
The NCGRT was represented on a
number of fronts, with several
researchers chairing sessions and
delivering papers, as well as centre staff
and students exhibiting, with a focus on
attracting new PhD candidates and
postdoctoral fellows to study in Australia.
This event was the NCGRT’s first entrée
into the global groundwater research
community and the reception and
feedback we received indicates that the
exercise was a great success.

NUMBER OF UNIQUE AND POSITIVE MEDIA ARTICLES
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We look forward to returning to the
Geological Society of America
conference and exposition next year to
further raise the profile of the centre and
to continue strengthening our
relationship with the international
groundwater research community.

US GROUND WATER JOURNAL
The US Ground Water journal, which is
the leading international journal focused
exclusively on groundwater research, ran
a major feature article on the NCGRT
in its November/December 2011 edition.
The article brought the NCGRT to the
attention of the global scientific
audience, and will underscore our efforts
to secure research collaborations and
partnerships with leading institutions
based in the US and beyond. The article
also led to a large number of enquiries
from researchers and potential students
based nationally and internationally
regarding research opportunities at the
centre.

DISTINGUISHED LECTURER
SERIES
John Doherty was our inaugural
distinguished lecturer, and presented a
series of public lectures in 2011 with a
collective audience of some 200 people
across the nation.

Cumulative

John is the author of the widely used
parameter estimation software PEST.
His presentations demonstrated
and explained model-based uncertainty
analysis, based on principles of highly
parameterised inversion, and showed
that use of these methods in a decisionmaking context can significantly
enhance the process.
The NCGRT distinguished lecturer for
2012 is Professor Robert Glennon from
the University of Arizona.

INDIGENOUS GROUNDWATER
SCHOLARSHIPS
The NCGRT and the SA Department for
Water collaborated to co-fund two
Indigenous groundwater scholarships.
These scholarships — the first of their
kind to be offered in Australia — will not
only fund the recipients’ study, but also
offer valuable mentoring and future work
opportunities.
The recipients of the Indigenous
groundwater scholarships were Lauren
Houthuysen, a Yamatji woman studying
a Bachelor of Environmental Science,
and Tahnae Ditton, a Murri woman
studying a Bachelor of Science with a
double major in environmental hydrology
and water resources, and ecology,
evolution and organismal biology.
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PRIMARY INDUSTRY CENTRE
FOR SCIENCE EDUCATION
In 2011 we continued to sponsor the
Primary Industry Centre for Science
Education (PICSE).
We were pleased to attend the PICSE
annual science education officers’ forum
in 2011. One of our chief investigators,
Allan Curtis, provided an overview of the
NCGRT and presented an example of his
research. We were excited to be able to
play a part in judging the student science
awards and were treated to a number of
presentations by young scientists-to-be.
At the teacher development forum, our
deputy director Peter Cook impressed
the audience with his engaging
presentation on groundwater issues in
Australia.

STAKEHOLDER ENGAGEMENT
WORKSHOPS
As part of our effort to ensure our
research is being communicated to
industry we have commenced a series
of research showcase events.

The first events were held in Melbourne
and Perth. These workshops aim to
promote the NCGRT and present a
selection of the research being
undertaken by our postdoctoral fellows
and PhD candidates.
Participants included groundwater
professionals from private industry and
state government agencies. The series
will continue in 2012, with five showcases
planned around Australia.

STAKEHOLDER SURVEY
An important part of the NCGRT’s 2011
planning process was to gauge how our
partners, collaborators, and other
stakeholders view us, and to determine
how we can make our interactions with
these stakeholders more meaningful.

WEBSITE IMPROVEMENTS
In 2011, the NCGRT embarked upon
some major improvements to the
functionality and look of the centre’s
website. Key considerations were ease
of updating information, a more easily
navigable layout, and ensuring the site
reflects the NCGRT’s corporate
branding.
We have been pleased with the
improvements to date and will continue
to improve other aspects of the site; for
example, we aim to include more
dynamic content such as maps that
reveal the locations of all centre sites
and nodes, a fully integrated relationship
management system and an electronic
newsletter.

We conducted a survey, sampling
past training course attendees, partner
organisations, and industry and
government representatives.
The results will help us improve our
outreach and engagement activities,
including our industry training and short
course programs.
Ultimately, we aim to more effectively
engage with our stakeholders into the
future.

OUTREACH
2011 target

2011 result

Cumulative
target

Cumulative
result

Number of unique and positive
media articles and segments
that mention the centre

20

63

30

71

O2

Number of significant public
talks delivered by centre staff

4

51

8

77

O3

Stakeholder awareness survey
results

Undertake survey to
establish baseline
satisfaction targets

Completed

Completed

Completed

Number of publications produced
by the centre promoting our
research and training activities

1 public annual report
4 quarterly newsletters
5 program specific
fact sheets
2 ABC groundwater
fact sheets

1 public annual report
4 quarterly newsletters
5 program specific
fact sheets
2 ABC groundwater
fact sheets

N/A

N/A

Number of web-based outreach
tools

2 YouTube clips
5 podcasts
4 media releases

4 YouTube clips
5 podcasts
4 media releases

N/A

N/A

KEY PERFORMANCE INDICATORS
O1

O4

O5
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John Doherty honoured for
commitment to modelling
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BY JASON WHYTE

FLINDERS-BASED RESEARCHER AND
2011 NCGRT DISTINGUISHED LECTURER
PROFESSOR JOHN DOHERTY HAS
SPENT MANY YEARS THINKING ABOUT
THE LIMITATIONS OF THE TRADITIONAL
APPROACH TO MODELLING
ENVIRONMENTAL SYSTEMS, AND GIVING
MODEL USERS TOOLS SO THAT THEY
OBTAIN MORE USEFUL RESULTS. OVER
TIME THE WORK HAS DEVELOPED,
LEADING TO A NUMBER OF AWARDS AND
HONOURS, AND BECOME AN ESSENTIAL
PART OF PROPER MODELLING PRACTICE.
John’s contribution to modelling began
in 1994 when he wrote a computer
software package named PEST. ‘The
idea was to make life easier for
environmental modellers by allowing
computers to do the hard work of
calibrating models,’ John says.
(Calibrating models, or ‘history matching’
means adjusting a model’s parameters
until it accurately ‘predicts’ the past. This
gives us some confidence in the model’s
capacity to make future predictions.)
‘What made PEST different from
anything that had come before it was the
fact that PEST could work with any
model. Prior to this, computer-aided
model calibration required that a
modeller have considerable
programming skills — as well as access
to the model’s source code.’
Calibration, however, is not sufficient by
itself to engender confidence in a
model’s predictions. ‘Unfortunately, as
much as we would like models to
provide us with perfect insights into the
environmental future, and as much as
we would like to be sure that a particular
management strategy that we adopt on
the basis of model projections will
guarantee a desired outcome,
mathematics quickly tells us that this is
a goal that will never be attained.
Replicating the past does not guarantee
a robust prediction of the future. It can
however allow us to constrain predictive
possibilities to a narrower range than
they would otherwise have had. The
greater the extent to which information
can be extracted from historical data,
the narrower this range will be.’
Since its original release in 1994, John
has worked tirelessly to improve the
extent to which PEST can work with
models of all kinds to extract as much

information as possible from field data,
thereby maximising the return gained
from investments in that data. In the past
few years John has focused PEST
development not just on calibration, but
on the all-important problem
of quantifying the uncertainties of
predictions made by environmental
models. John emphasises the
importance of quantifying this
uncertainty. ‘Unfortunately, there are
many instances when this uncertainty
can be large. Environmental decision
making must acknowledge this
uncertainty. If its existence is not only
acknowledged but quantified, decision
making can then focus on balancing risk
against benefits as different
management strategies are considered.’
Eighteen years down the track PEST has
matured considerably. Its ability to bring
high-end calibration and uncertainty
analysis to the field of environmental
modelling has seen it used all over the
world. Much of John’s work supports its
use; he regularly holds courses in
Australia, the US and Europe. PEST is
now used in in addressing all kinds of
environmental issues; an interesting
recent application was assessment of
the fate of radionuclides detected in the
groundwater system beneath the Nevada
nuclear test site. A paper on this work
published in the prestigious Water
Resources Research journal, written in
conjunction with colleagues from Los
Alamos National Laboratory, received an
editor’s choice award from the American
Geophysical Union in 2011.
In 2009 John was the first Australian to
receive the United States National
Ground Water Association’s M. King
Hubbert award for outstanding
contributions to the groundwater
industry. In his acceptance speech John
stated that he would like to change the
way that the community looks at models.
‘There is a tendency out there for models
to be seen as crystal balls’, he says.
‘I would prefer that models be seen as
vehicles for encapsulating what we know
and quantifying what we don’t.’
Over the past few years, John has turned
his attention to addressing an issue that
has been worrying him for many years.
‘Model usage, and the theoretical
underpinnings of model usage, tend to
have ignored the fact that as simulators

John Doherty
of a complex environmental reality,
models have lots of defects. So how
much do those defects induce bias in
model predictions? Can we quantify
`model-induced uncertainty’ and add it
to the innate uncertainty of the
predictions we make with models. And
when we calibrate a defective model, is
this a self-correcting procedure or a selfdefeating procedure as far as predictive
reliability is concerned?’
In addressing these questions, John
developed a kind of ‘theory of model
simplification’. This was published in two
parts — first in 2010 and then in 2011 —
in Water Resources Research. Both of
these papers were awarded `featured
article’ status.
So what were the conclusions to these
studies? Are model predictions
invalidated because of the imperfect
nature of models? The answer according
to John is ‘Sometimes yes and
sometimes no. But we are now in a much
better position to know when the answer
is ‘no’, and some of the steps that we
can take to quantify, and often reduce,
the deleterious effects of model defects
on the predictions that we require from
them to support modern day
environmental management.’
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OVERVIEW
The NCGRT has two linkage objectives.
They are to:
• be an effective resource for the
groundwater sector by establishing
and developing strong, collaborative
relationships with the research,
education, industry and government
sectors, and serving as a point of
interaction

NUMBER OF NATIONAL AND INTERNATIONAL WORKSHOPS
ORGANISED AND MANAGED BY THE CENTRE
30

25

20

• establish and develop international
networks and linkages.

15

In 2011 we have continued to develop
strong links both nationally and
internationally.

10

We have added two partner
organisations: the Danish Hydraulic
Institute (as discussed in more detail
later in this section), and the NSW Office
of Water.
NCGRT staff and researchers organised
and managed 27 workshops in 2011,
including the Australian Hydrology
Research Conference, which was
chaired by director Craig Simmons. We
continue to attract leading international
researchers to visit the centre; we hosted
30 visitors in 2011, while our staff made
nearly 80 trips to overseas research
institutions.
In 2011 the centre participated in over
100 collaborative meetings; researchers
have participated on projects with
industry bodies over 80 times, and 15
applications for joint scientific projects
were approved.

DANISH HYDRAULIC INSTITUTE
PARTNERSHIP
We are pleased that in 2011 we were
able to deepen our relationship with the
Danish Hydraulic Institute (DHI) and
progress from a software agreement to a
full partnership. In addition to providing
our students with access to the full suite
of world-leading DHI groundwater
modelling software, which includes MIKE
SHE, ECO Lab and FEFLOW, we will
also be working on a number of research
projects together, including a project
benchmarking available groundwater

Target
Actual
5

0
2010

2011

modelling software. We were also
pleased to run a course on the use of
FEFLOW through our industry training
program, and look forward to extending
our offerings in 2012.

UNIVERSITY OF TEXAS
COLLABORATION
A number of the NCGRT researchers
have a long history of collaboration with
the University of Texas at Austin, a
relationship dating back to the early
1990s. As the centre has developed we
have deepened our working relationship
with Professor Jack Sharp, Carlton
Professor of Geology at the Jackson
School of Geosciences and Dr Suzanne
Pierce and colleagues.
We are now seeing the development of a
number of joint projects and papers,
including work on fractured rock
hydrology, salt lake hydrology, and free
convection processes in groundwater
systems. Collaboration is growing across
a number of NCGRT programs.
As a result of the NCGRT relationship,
Flinders University has re-instigated an
undergraduate student exchange
program and the NCGRT and the
University of Texas are currently working
out the details for a research-based
memorandum of understanding.

Cumulative

WORLD BANK RELATIONSHIP
In 2011, NCGRT researchers were
involved in a number of activities with the
World Bank’s water team.
Professor Tony Jakeman, Program 5
leader, was invited to make a
presentation to World Bank staff on
lessons from Australian integrated water
management as part of the World Bank’s
Water Week in 2011.
This was followed in October with a visit
to the World Bank headquarters by
NCGRT director Craig Simmons and
strategic development manager Laki
Kondylas. At this meeting Craig
presented the centre’s research and
activities. As a result of this, the NCGRT
has been asked to nominate key
researchers to participate in the World
Bank’s water expert team, bolstering the
World Bank’s groundwater expertise as
they work on groundwater projects in
developing countries.

US NATIONAL GROUND WATER
ASSOCIATION COLLABORATION
We continue to build our strategic
alliance with the US National Ground
Water Association. In 2011 NCGRT staff
visited the association’s headquarters
in Ohio.
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A highlight of the relationship in 2011
was that the National Ground Water
Association delivered four groundwater
courses for us on soil and groundwater
pollution, and well design, as part of the
centre’s industry training program. In
2012 we will together be delivering two
more courses, as well as developing a
new course on fractured rock.

NUMBER OF SUCCESSFUL JOINT GRANT AND/OR
SCIENTIFIC APPLICATIONS WITH NATIONAL AND
INTERNATIONAL COLLABORATORS

JOINT APPLICATIONS

20

A measure of success for the NCGRT’s
ability to forge links both internationally
and locally is the number of joint grant
and/or scientific applications that centre
staff are involved in.
Centre staff are involved in 15 joint
research projects; a sample of these are
highlighted as follows.

30

25

15
Target
10
Actual
5

0

• The NCGRT is working with the
Northern Territory’s agency for Natural
Resources, Environment, the Arts
and Sport to understand groundwater
flow in the Ti Tree Basin. As part of
this project, Flinders University
and Australian Nuclear Science and
Technology Organisation have
received funding through the
Australian Institute of Nuclear Science
and Engineering for a study of
groundwater residence times using
carbon isotopes. The project will
improve our ability to measure
groundwater residence times in arid
areas.
• Program 3 is undertaking joint
research with the Australian Nuclear
Science and Technology Organisation
to use 14C and 3H to determine the
residence time of groundwater
adjacent to rivers in West Gippsland.
This research will determine mixing
between regional groundwater
and bank recharge and thus better
constrain the dynamics of
groundwater – surface water
exchange.
• The NCGRT in collaboration with
Canadian researchers funded by the
Natural Sciences and Engineering
Research Council of Canada will
study long-term solute transport in
thick claystone. Dr Wendy Timms and
the Program 1b team will work with
Professor Jim Hendry from the
University of Saskatchewan and his
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2010

2011

team, testing deep cores of
Cretaceous age shale. The NCGRT
centrifuge permeameter, together
with laser ablation techniques, is a
powerful tool for looking into the
future in these low permeability
groundwater systems.

11TH AUSTRALASIAN
ENVIRONMENTAL ISOTOPE
CONFERENCE AND THE 4TH
AUSTRALASIAN HYDROGEOLOGY
RESEARCH CONFERENCE
In 2011 the NCGRT, in partnership with
James Cook University, proudly
presented the 11th Australasian
Environmental Isotope Conference and
the 4th Australasian Hydrogeology
Research Conference in Cairns.
This is the fourth time these conferences
have run in parallel, providing a
stimulating forum for the presentation of
a diverse range of interdisciplinary
Australasian research spanning the earth
and biological sciences. The conference
also included a trade exhibition,
where the NCGRT and other industry
organisations featured.

Cumulative

INTERNATIONAL VISITS
In 2011 we welcomed 30 international
researchers to the NCGRT. This included
some of the leading researchers in
the field, including Dr Randall Hunt (US
Geological Survey, Wisconsin), Dr
Judson Harvey (US Geological Survey,
Virginia) and Dr Jim Hendry (University of
Saskatchewan).
In conjunction with the Great Artesian
Basin project at Flinders University, the
NCGRT was honoured to host Emeritus
Professor József Tóth, a pioneer of
modern groundwater hydrology.
Professor Tóth spent time with NCGRT
researchers providing advice and
guidance on their research projects and
presented a public lecture on behalf of
the centre titled ’Groundwater flow
systems and modern hydrogeology’.
The NCGRT was pleased to host Henk
Haitjema, Professor of Environmental
Sciences, Hydrogeology and
Groundwater Modelling in the
Department of Geological Sciences at
Indiana University, Bloomington. His
research interests include conjunctive
surface-water/groundwater modelling,
three-dimensional flow modelling, nonpoint source pollution and fracture
flow modelling. Henk presented a short
course for NCGRT researchers and
industry partners based on his work
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International visits to the NCGRT in 2011

NCGRT visits to overseas research organisations in 2011
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LINKAGES
KEY PERFORMANCE INDICATORS

2011 target

2011 result

Cumulative target

Cumulative result

L1

Number of new partner or collaborating
organisations

2

2

3

3

L2

Number of international visitors and
exchanges

10

30

18

59

L3

Number of national and international workshops
organised and managed by the centre

2

27

2

29

L4

Number of visits to overseas laboratories
and research facilities

35

79

35

104

L5

Number of successful joint grant and/or
scientific applications with national and
international collaborators

10

15

11

25

L6

Number of industry engagement meetings
per year

50

110

52

166

L7

Participation on significant national and
international bodies

5

83

5

116

around the cost–benefit issues
surrounding the appropriate use of
groundwater models.
As groundwater is a topic of global
interest, NCGRT researchers
are encouraged to visit international
scientists and research centres. In
2011, NCGRT researchers and students
made nearly 80 visits to international
research centres.
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On a visit to Colorado, NCGRT
researcher Dr Anna Greve had
specialised training in the use of a new
gravity field station that has been set
up on the Liverpool Plains. The station
is used to study water storage in clay
sediments and leakage to underlying
aquifers. The data obtained from this
study will be essential for improving
understanding of drainage processes,
closing the water balance and
quantifying the effect of groundwater
abstraction.

For 2012, centre staff and students have
been encouraged to submit abstracts
for the US National Ground Water
Association’s Annual Ground Water
Summit to be held in May. Other
initiatives are underway, with study tours
of the US and China in the early stages
of planning.
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BY JASON WHYTE

If you want to predict how plants will fare
under different levels of water availability,
you need to understand how water is
transferred between soil, plants, and the
atmosphere. Plants constantly need to
replenish water to survive. A significant
reason for this is ‘transpiration’, the loss
of water vapour through open pores
(stomata) on the surface of leaves.
Transpiration is a consequence of the
opening of stomata so that the plant can
obtain carbon dioxide for photosynthesis,
which itself requires water.

DR EDOARDO DALY, NCGRT PROGRAM 4
CHIEF INVESTIGATOR EXPLAINS,
‘TRANSPIRATION IS IMPORTANT BECAUSE
IN VEGETATED AREAS IT IS THE MAIN
CAUSE OF WATER LOSS FROM THE SOIL;
THEREFORE, ITS QUANTIFICATION
AND PREDICTION IS IMPORTANT TO
ACCURATELY DESCRIBE THE SOIL
WATER BALANCE’.
Plants are readily able to replace the
water lost to the atmosphere if the soil
near the surface is moist, as plants tend
to have most of their roots near the soil
surface. In dry areas, especially during
summer, soil moisture near the surface
might be low, making life difficult for
the plants.
Edoardo explains this with an analogy.
‘If you have a sponge soaked in water,
by pressing the sponge a little, you can
easily get water out of it; as the sponge
dries, you need to apply more energy in
order to get water. Similarly, it becomes
more difficult to take water from the soil
as it dries.’
Some species have evolved methods of
dealing with a shortage of near-surface
moisture, such as the phreatophytes,
which include several types of
Eucalyptus, Melaleuca, Acacia and
Banksia. ‘Phreatophytes develop a lot
of roots near the surface, to use surface
water rich in nutrients, and typically
thicker “tap roots” lower down near

Monitored
groundwaterdependent
ecosystem on
North
Stradbroke
Island, showing
a range of
vegetation
including
phreatophytes
like those that
Edoardo Daly
is modelling

groundwater, to use it as a supplementary
source of water in dry periods. Recalling
the sponge analogy, the energy used to
move water over a longer distance might
be lower than what is required to take
water from the drier surface soil. Some
phreatophytes have tap roots with the
ability to transport water more easily
than surface roots when both types of
roots are experiencing the same soil
moisture conditions.’
The ability of phreatophytes to take
water from where it is available is called
‘root compensation’. The deep root
systems of phreatophytes can also allow
them better access to nutrients trapped
in dry soil near the surface. ‘During the
night when photosynthesis stops, roots
near the surface can release some of the
water taken from groundwater. This is
called water redistribution,’ Edoardo
says. ‘This water can be readily used in
the morning (when daylight restarts
photosynthesis), is richer in nutrients
than the groundwater, and can help
shallow-rooted vegetation such as grass
have an additional source of water”.
Any attempt to understand the
movement of water in an area where
phreatophytes draw on groundwater
must account for the effects of water
redistribution. Parikshit Verma,
an NCGRT PhD candidate at Monash
University, and Associate Professor
Steven P. Loheide II from the University

of Wisconsin at Madison are working
with Edoardo to improve the modelling of
these features by developing a modelling
framework for water flow in soils and
vegetation.
Their approach is more sophisticated
than that used previously, as Edoardo
explains. ‘Existing models can include
water redistribution and root
compensation indirectly; functions
specifically designed for these
processes are added to the model. Our
modelling framework uses a coupled
mechanistic system to link soil and
vegetation so that these two processes
occur depending on the soil water
available at different depths; water is
taken from areas of the soil that are most
efficient.’ This modelling approach more
closely mimics the way phreatophytes
use water.
The research team is developing their
model and comparing it with other
existing models. The validation of the
model and its application to Australian
catchments and their particular plant life
is part of future plans. The model will
provide a means of estimating the water
balance of catchments and exploring the
interaction between coexisting species
with different root depths in exploiting
soil water.
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FINANCIAL MANAGEMENT

MID-TERM REVIEW

Our focus in 2011 has primarily been to
continue to refine our operations, as well
as to organise various reviews and
meetings during the year, which have
provided input into the continuous
improvement of our systems and
processes.

The financial result for the year ending 31
December 2011 is a deficit of $423,055.
This reduced the cumulative surplus to
$8.44 million.

The management team has paid
significant attention to preparations for
the March 2012 mid-term review.

BUDGET REVIEW
Implementing the recommendations
arising out of our baseline budget review
was a major focus in 2011. Significant
process improvements were made in a
number of areas. These included:
• the introduction of quarterly financial
management reports to provide
real-time information on expenditure
patterns
• the redevelopment of our student
databases to more accurately track
appointment offers, acceptances and
actual completion dates, and to help
manage the inevitable uncertainty
associated with the management of
national recruitment processes which
span 12 universities
• more regular and systematic
engagement with our partners’
finance teams to foster greater levels
of cooperation and assist with the
timely preparation of our quarterly
finance reports as well as this annual
report.

The 2011 core agreement research
operations expenditure exceeded the
revised budget by 9%. This indicates
that the centre’s operations are
continuing to ramp up, and that we are
on track to reduce the research
operations accumulated surplus over the
remaining two-and-a-half years of the
centre’s first funding period. Monitoring
our progress towards reducing the
underspend continues to be a key area
of management focus, with the centre
refining the scope and frequency of our
data collection processes to provide
high-quality monitoring that will support
centre decision-making processes.
Core agreement expenditure in the
centre’s management budget was 20%
below target. This is primarily due to a
number of consultancy and salary
expenses being incurred in 2012 rather
than 2011.
A financial summary is supplied at the
end of this ‘Management and
governance’ section.

This review will examine the centre’s
progress towards achieving its strategic
plan objectives and funding agreement
commitments. The executive
management team has commenced
work on briefing papers for the review
panel and has begun to make
arrangements for their site inspection.
The review process will provide an
important, independent assessment of
the centre’s performance. It will also
facilitate constructive discussion on
some emerging challenges associated
with the NCGRT’s institutional design,
in particular the fact that the centre’s
research operations budget is
committed five years in advance. This
arrangement has impeded our ability to
respond to new research opportunities
and to provide effective incentives to
sustain high-level research.
The review panel’s feedback on these
issues will be invaluable in helping us
prepare for our funding renewal process
in late 2012, and in optimising the
NCGRT’s future governance and
financial management systems.

We have also resolved to conduct similar
budget review processes on an annual
basis commencing in March 2012.

SUMMARY OF ACCUMULATED NET SURPLUS AS AT 31 DECEMBER 2011

$ Millions

Research operations – ARC/NWC funding

5.19

Centre management – collaborator and partner organisation contributions

2.71

Subtotal – core agreements

7.90

Research – other non-core agreements

0.29

Industry training

0.25

Subtotal – non-core

0.54

TOTAL

8.44
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ADVISORY BOARD
Members
• Dr Tom Hatton
CSIRO
• Mr Ken Matthews
National Water Commission
• Dr John Radcliffe
CSIRO
• Mr John Ruprecht
Department of Agriculture and Food,
WA
• Professor Carl Schiesser
ARC Centre of Excellence for Free
Radical Chemistry and Biotechnology
• Mr Garry Smith
DG Consultants
• Professor Suzanne O’Reilly
ARC Centre of Excellence for Core to
Crust Fluid Systems
• Mr Neil Power
Goyder Institute; National
Groundwater Working Group
• Mr Gareth Lloyd
eWater CRC
One of our key aims in 2011 was to
provide the members of our Advisory
Board with the opportunity to interact
with program leaders, chief investigators
and students at our research nodes. To
this end the first 2011 board meeting
was held in Brisbane in March, while the
second was held in Canberra in August.
The board provided advice on a number
of critical issues including:
• the NCGRT’s baseline review process
and strategies for ensuring that the
review recommendations were
implemented effectively
• opportunities to position the centre’s
head office team for long-term
success; this resulted in changes to
the structure and portfolio
responsibilities of the executive
management team, and the
appointment of Mr Laki Kondylas as
our new strategic development
manager
• key steps for ensuring tangible
improvements in our strategic and
operational processes
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• the NCGRT’s potential role in
supporting the independent and
evidence-based exploration of
national groundwater policy issues
such as coal seam gas.
The board was scheduled to have a third
meeting in Sydney in December to assist
the centre in preparing for its mid-term
review. This meeting was postponed
until February 2012 because of delays in
the finalisation of the terms of reference
for this review process.
One of our key challenges in 2012 will be
to ensure that Advisory Board meetings
more closely align with our natural
management cycles so that we are fully
using our board members’ time and
experience.
Board membership changes
At the beginning of 2011, Mr Ken
Matthews stepped down as the National
Water Commission’s representative on
the board following his retirement as the
National Water Commission chair and
chief executive officer. However, we were
pleased to welcome Mr Matthews back
to the Board’s August meeting in his new
capacity as an ex-officio member.
Dr Tom Hatton resigned from his position
as Advisory Board chair in November
2011 because of increasing business
commitments. Dr Hatton played a crucial
role in supporting the centre during the
early phase of its establishment, and his
careful advice and guidance have been
instrumental in building the NCGRT into
a dynamic and multi-disciplinary centre.
Looking to the future, we are extremely
fortunate that Mr Matthews has agreed
to take over the chair from December
2011. Mr Matthews brings a wealth of
experience to this position.

RESEARCH MANAGEMENT
COMMITTEE
The Research Management Committee
is responsible for overseeing the
management and coordination of the
centre’s research activities. It is
composed of the NCGRT’s five research
program leaders. The centre’s general
manager and executive officer attend
meetings as observers.

The Research Management Committee
resumed its extensive meeting program
in 2011, holding a telephone conference
every fortnight and supplementing this
with four face-to-face meetings at the
centre’s research nodes. These
face-to-face meetings rotate to different
locations to allow committee members
to engage with industry representatives.
The Research Management Committee’s
key focus in 2011 was evaluating the
NCGRT’s research performance.
Program 5 was independently reviewed
in November 2010, and the remaining
programs underwent the same process
in 2011.
Ensuring effective coordination with the
Groundwater Education Investment
Fund initiatives was another key area of
focus, especially with regard to the
instrumentation of the Super Science
sites.

INDUSTRY LIAISON ADVISORY
COMMITTEE
Members
• Mr Phillip Commander
International Association of
Hydrogeologists
• Mr Kym Good
Adelaide and Mt Lofty Ranges NRM
Board
• Mr Michael Williams
NSW Office of Water
• Mr Blair Douglas
BHP Billiton
• Mr Andrew Kelly
Groundwater Users and Managers;
North Burdekin Water Board
• Ms Jennifer Fraser
Department of Sustainability and
Environment, Vic
• Mr Tony McLeod
Murray–Darling Basin Authority
• Mr Ian Lancaster
Natural Resources, Environment,
The Arts and Sport, NT
• Dr John Waterhouse
Golder Associates
• Mr Adam Sincock
National Water Commission
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The centre’s Industry Liaison Advisory
Committee met in Sydney in September
2011 to provide advice to the NCGRT on
the needs of the water industry, and how
the centre could contribute to meeting
some of these needs.
Discussion focused on the need
to balance the immediate needs of the
water industry with the longer term
research needs of the discipline.
Although the focus of the centre is on
longer term strategic research,
involvement in highly applied research
provides an important mechanism for
technology transfer and also assists in
maintaining the relevance of the longer
term strategic research.
There was also considerable discussion
of the mid-term review and centre
funding renewal, and how the research
priorities of the NCGRT fit with the
needs of the water industry. Committee
members from state water agencies
stressed the importance of numerical
modelling and training in the social and
economic aspects of water management
for their staff. Programs 2 and 5
respectively focus on these issues.

The committee provides input into the
centre’s short courses, which are
an important means of disseminating
research findings to the groundwater
industry. The current short course
program is mainly composed of two- to
five-day courses, located in various state
capitals, with attendees travelling to
attend the courses.

INTERNATIONAL SCIENTIFIC
ADVISORY COMMITTEE

At its September meeting, the committee
considered alternative mechanisms for
short course delivery, including half- to
one-day seminars to be delivered in
each capital city. These seminars could
focus on important and topical issues,
and include round-table discussions as
well as formal presentations. This
alternate structure acknowledges the
difficulty that some organisations have in
funding travel for their staff to interstate
venues. The centre is considering
trialling this new delivery mode in 2012.

• Professor Edward Sudicky
University of Waterloo

Members
• Professor Ghislain de Marsily
University of Paris, VI
• Dr Leonard Konikow
United States Geological Survey

• Dr Daniel Peter Loucks
Cornell University
Arrangements for the second meeting
of our International Scientific Advisory
Committee were at an advanced stage
at the end of 2011. The meeting will take
place in Sydney (January 23–25) and a
comprehensive program of
presentations, meetings and site
inspections has been developed to
showcase the progress that the centre
has made since the committee’s
inaugural meeting in February 2010.
The meeting is also an important
component of our mid-term review
preparations because committee
members will critically evaluate all
aspects of the NCGRT’s performance
since its establishment in June 2009.

PRIORITY AREA: MANAGEMENT AND GOVERNANCE
KEY PERFORMANCE INDICATORS

2011 target

2011 result

Cumulative target

Cumulative result

MG1

Attendance rates of members at NCGRT
Advisory Board meetings

80%

87.5%

N/A

N/A

MG2

Timely submission of reports and plans to
project executive

100%

100%

N/A

N/A

MG3

Unqualified audit report

Obtain
unqualified report

Achieved

N/A

N/A

MG4

Annual cash contributions from
non-ARC/NWC sources ~

$2.04 million

$3.35 million

$6.49 million

$10.14 million

MG5

Annual in-kind contributions from
non-ARC/NWC sources ~

$3.70 million

$3.55 million

$11.03 million

$10.19 million

MG6

Centre’s ability to achieve and maintain its
operations budget within forecast levels

Annual expenditure
within 10% of target

3% above
revised target

Expenditure within
10% of target

2.6% above
revised target

~ Results include all core and non-core non-ARC/NWC contributions
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INCOME STATEMENT
Revenue
Commonwealth ARC/NWC
Collaborating & partner organisations
Industry training
Other non-core

Notes
1

2011
$

Cumulative
Jun 2009 – Dec 2011
$

6,662,083
2,040,862
683,928
626,393

15,327,708
6,493,389
1,714,057
1,929,444

10,013,266

25,464,598

7,091,875
1,384,724
659,295
1,300,427

11,124,934
2,797,899
1,468,160
1,633,370

10,436,321

17,024,363

(423,055)

8,440,235

2011
$

2010
$

5,525,295
2,919,925
24,247

8,530,324
548,332
5,782

8,469,467

9,084,438

29,232
–

105,327
115,821

29,232

221,148

8,440,235

8,863,290

Expense
Research operations
Centre management
Industry training
Other non-core

Net surplus / (deficit)

STATEMENT OF FINANCIAL POSITION
Assets
Cash
Receivables
Prepayments

Notes

1

Total assets
Liabilities
Payables
Income in advance
Total liabilities
Net assets

2

Notes
1. $2,728,750 of the Commonwealth ARC/NWC funding scheduled for 2011 was
accrued as at 31 December 2011.
2. The $8.44 million net assets balance at 31 December 2011 is due primarily to
appointment delays resulting in below target expenditure that was addressed
in a review process early in 2011. This accumulated surplus will gradually
reduce over the next two-and-a-half years.
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CORE RESEARCH EXPENSE BY CATEGORY

CORE RESEARCH EXPENSE BY PROGRAM

CUMULATIVE

CUMULATIVE
Program 5
17%

Maintenance
17%
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Program 1
25%

Travel
9%
Personnel
55%

Program 4
18%

Program 2
7%

Equipment
19%
Program 3
33%
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Channel surfing and
the water balance
BY JASON WHYTE

OF COURSE BALANCE IS IMPORTANT IN
SURFING, BUT IT’S ALSO IMPORTANT IN
WATER MANAGEMENT — TOO LITTLE, OR
TOO MUCH WATER CAUSES PROBLEMS.
DRAINAGE CHANNELS CAN HELP WITH
THIS, AS SASKIA NOORDUIJN, AN NCGRT
PHD CANDIDATE EXPLAINS.
‘The south east of South Australia is a
low lying, flat landscape which was
prone to ponding of water between
ridges. This created marshes which
made the land unsuitable for growing
wheat. The problem was solved by
digging drainage channels that
transported the unwanted water —
which was groundwater too close to the
surface — to the sea, making the land
drier and hence suitable for farming.’

A

These ‘gaining’ channels are also used
in low rainfall agricultural areas, such as
Renmark, where the rising groundwater
is saline. Groundwater is transported
elsewhere, keeping the watertable below
the root zone of susceptible crops.
Unlike in the farming examples above,
not everyone wants to be ‘high and dry’.
In areas where groundwater is the major
source of water for irrigation, channels
carry water to where there is a shortage;
the water then filters into the soil,
recharging the groundwater. Knowledge
of how the geology underlying a
drainage channel influences the amount
of water gained or lost from the channel
will provide valuable information for
water management.
Saskia wants to ‘wipe out’ some of the
uncertainty over the effect of geology on
channel behaviour, starting with thinking
about the movement of the water in the
channel. As she explains for channels
which lose water into the ground (known
as ‘losing channels’), ‘The movement of
a flood wave is a function of channel
properties — friction applied by
the channel and water loss rate due to
infiltration. By combining these factors
with data on how a flow front moves
down the channel we can use
mathematical models to tease out the
properties of the medium underlying the
channel.’
Saskia received funding from the Goyder
Institute to collect data in the South East
for two channels. The first was a gaining
channel that is part of the Fairview
drain and is approximately 1 km long
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Saskia Noorduijn (right) in the field with fellow PhD candidate Xiang Xu
and 5 m wide. The other was a newly
constructed losing channel for water
conveyance near Naracoorte about 2 km
long and 20 m wide, which Saskia was
able to flood with water for the first time.
(Surf’s up!)
Each channel was equipped with a
variety of sensors for data collection.
Pressure transducers along the channel
bottom measured the height of water
directly above them. These give a record
of how the water wave profile evolves
over time at particular points in the
channel. In losing channels, data from
temperature and soil moisture sensors
below the channel allow inference of the
rate of water infiltration from the
channel to the underlying soil over time.
Gaining channels must be analysed

differently as the underlying soil is
saturated and groundwater moves into
the channel.
Saskia is currently modelling the data
obtained from her Naracoorte channel
fieldwork. Through this study she aims
to have a process that can use data to
‘accurately obtain information on the
heterogeneity of an aquifer and how this
affects the interaction of groundwater
and surface water’. By understanding
these relationships, water resources can
be more effectively managed, for
example, by lining channels to prevent
unwanted loss or gain of water. It seems
that surfing pressure waves in channels
can assist in the balancing of water
supply and demand in the future. Gnarly!
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KEY PERFORMANCE INDICATORS

2011 target

2011 result

Cumulative target

Cumulative result

RESEARCH
R1

Total number of publications appearing in high
quality journals and book chapters

90

135

100

191

R2

Percentage of publications appearing in A or A*
journals

30%

61%

30%

64%

R3

Number of citations

800

1,475

800

1,479

R4

Number of invitations to present talks, papers
and keynote lectures at major national and
international meetings

70

96

80

180

CAPACITY BUILDING
C1

Number of new postdoctoral fellows recruited
each year

12

12

31

39

C2

Number of new PhD candidates recruited
each year

15

8

48

51

C3

PhD completion rate

95%

94%*

97.5%

97%

C4

Number of new honours students recruited
each year

11

21

33

37

C5

Honours student completion rate

100%

95%**

100%

97%

C6

Number of professional training courses run by
the centre for non-NCGRT staff and students

15

16

25

27

C7

Number of people attending professional
training courses run by the centre for
non-NCGRT staff and students

550

519

1,050

948

C8

Number of participants in technical field
methods training modules

30

42

55

62

OUTREACH
O1

Number of unique and positive media articles
and segments that mention the centre

20

63

30

71

O2

Number of significant public talks delivered
by centre staff

4

51

8

77

O3

Stakeholder awareness survey results

Undertake survey
to establish
baseline
satisfaction targets

Completed

Completed

Completed

O4

Number of publications produced by the centre
promoting our research and training activities

1 public annual
report
4 quarterly
newsletters
5 program specific
fact sheets
2 ABC of groundwater fact sheets

1 public annual
report
4 quarterly
newsletters
5 program specific
fact sheets
2 ABC of groundwater fact sheets

N/A

N/A

O5

Number of web-based outreach tools

2 YouTube clips
5 podcasts
4 media releases

2 YouTube clips
5 podcasts
4 media releases

N/A

N/A
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KEY PERFORMANCE INDICATORS

2011 target

2011 result

Cumulative target

Cumulative result

LINKAGES
L1

Number of new partner or collaborating
organisations

2

2

3

3

L2

Number of international visitors and exchanges

10

30

18

59

L3

Number of national and international workshops
organised and managed by the centre

2

27

2

29

L4

Number of visits to overseas laboratories and
research facilities

35

79

35

104

L5

Number of successful joint grant and/or scientific
applications with national and international
collaborators

10

15

11

25

L6

Number of industry engagement meetings
per year

50

110

52

166

L7

Participation on significant national and
international bodies

5

83

MG1 Attendance rates of members at NCGRT Advisory
Board meetings

80%

87.5%

N/A

N/A

MG2 Timely submission of reports and plans to
project executive

100%

100%

N/A

N/A

MG3 Unqualified audit report

Obtain

Achieved
unqualified report

N/A N/A

MG4 Annual cash contributions from
non-ARC/NWC sources ~

$2.04 million

$3.35 million

$6.49 million

$10.14 million

MG5 Annual in-kind contributions from
non-ARC/NWC sources ~

$3.70 million

$3.55 million

$11.03 million

$10.19 million

MG6 Centre’s ability to achieve and maintain its
operations budget within forecast levels

Annual
expenditure within
10% of target

3% above
revised target

Expenditure
within
10% of target

2.6% above
revised target

5

116

MANAGEMENT AND GOVERNANCE

* Three students pulled out early.
** One student is studying part time and has not completed yet. One student pulled out early.

~

Results include all core and non-core non-ARC/NWC contributions
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SUPPLEMENTARY AND BASE FUNDING TARGETS
The funding that the centre receives
from the Australian Government has two
components:
• 75% base funding
• 25% supplementary funding.

Payment is contingent on the centre’s ability
to achieve the relevant performance targets.
The following table outlines the performance
indicators, targets and results that the centre
must achieve in order to secure its base and
supplementary funding.

SUPPLEMENTARY FUNDING
KEY PERFORMANCE INDICATORS:

2011 target

2011 result

RESEARCH
Number of publications appearing in
quality journals and book chapters

Base funding target
Supplementary
Total

67
23
90

135

Base funding target
Supplementary
Total

9
3
12

12

Base funding target
Supplementary
Total

11
4
15

8

Base funding target
Supplementary
Total

8
3
11

21

Base funding target
Supplementary
Total

11
4
15

16

Base funding target
Supplementary
Total

412
138
550

519

Base funding target
Supplementary
Total

7
3
10

30

Base funding target
Supplementary
Total

1
1
2

27

Base funding target
Supplementary
Total

3
1
4

51

Base funding target
Supplementary
Total

$1,530,584
$510,195
$2,040,778

$3,351,183

Base funding target
Supplementary
Total

$2,778,131
$926,044
$3,704,175

$3,553,523

CAPACITY
Number of new postdoctoral fellows

Number of new PhD candidates

Number of new honours students

Number of professional training courses run by
the centre for non-NCGRT staff and students
Number of participants in
professional training courses
LINKAGES
Number of international visitors, fellows
and exchanges
Number of national and international workshops
organised and managed by the centre
OUTREACH
Number of significant public talks

FINANCE
Annual cash contributions from all non-ARC
and NWC sources
Annual in-kind contributions from all sources
other than ARC and NWC
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NAME

PROGRAM

UNIVERSITY

PROJECT TITLE/ACTIVITY

SUPERVISOR/S

Mr Thomas Neill

Flinders

SKM–NCGRT scholarship holder

N/A

Ms Thanae Ditton

Flinders

Department for Water – NCGRT Indigenous scholarship
holder

N/A

Ms Lauren Houthuysen

Flinders

Department for Water – NCGRT Indigenous scholarship
holder

N/A

UNDERGRADUATES

HONOURS STUDENTS
Mr Blake Bambrook

1

UNSW

Aquitards and groundwater sustainability: comparison of
geotechnical centrifuge tests and numerical modelling

Wendy Timms
Anna Greve

Mr Christopher Farley

1

UNSW

Aquitards and groundwater sustainability:
three-dimensional mapping of aquitard architecture

Wendy Timms
Bryce Kelly

Mr Aidan Fitzallen

1

UNSW

Seismic testing and low strain dynamic modulus modelling
of a current groundwater study site, Pullaming, NSW

Ian Acworth
Anna Greve

Mr Bilal Khan

1

UNSW

Linking geological and hydrogeological processes

Gregoire Mariethoz
Bryce Kelly

Ms Monika Markowska

1

UNSW

Heat as a groundwater tracer in highly Karstified aquifers

Andy Baker
Martin Andersen

Mr Alexander Rogan

1

UNSW

Aquitards and groundwater sustainability: investigation of
soil moisture changes in the unsaturated zone

Wendy Timms
Anna Greve

Ms Hannah Walmsley

1

UNSW

Contaminants under the ground: centrifuge permeameter
testing of leachate migration through natural clay barriers

Wendy Timms
Gyanendra Regmi

Ms Amy Roach

2

Flinders

Evaluation of a dispersive correction factor for the
interface solution simulated with the SWI package

Michael Teubner*
Adrian Werner
Vincent Post
Craig Simmons

Miss Megan Sebben

2

Flinders

Evaluation and inter-code comparison of complex,
catchment-scale hydrological models

Michael Teubner*
Adrian Werner

Mr Joe Braden

3

Monash

Groundwater – surface water interaction in the Ovens River

Ian Cartwright

Mr Marcus Bulstrode

3

James Cook

Evaluating groundwater/surface water interactions using
continuous radon signatures from tropical rivers
discharging into the Great Barrier Reef lagoon

Marc LeBlanc
Sarah Tweed*
Glenn Harrington

Ms Caroline Craven

3

Flinders

Sustainability of regolith hosted aquifers in the Musgrave
Province, far north South Australia

Erick Bestand*
Steven Lewis*

Ms Jenny Read

3

Monash

Bank flow processes on the Tambo River

Ian Cartwright

Mr Michael Short

3

Flinders

Submarine groundwater discharge from the Willunga
Basin

Peter Cook
Greg Ingleton*
Sebastien
Lamontagne

Ms Clare Stephens

3

UQ

Modelling nutrient transport and reaction in an unsaturated
soil column

Ling Li
Bill Clarke*

Miss Lauren Stephens

3

Flinders

Surface water – groundwater Interactions of Willochra
Basin

Peter Cook
Steve Barnett*

Ms Amanda Treijs

3

Flinders

Simulating plantation forestry related drawdown using a
SVAT and MODFLOW 2005

Glenn Harrington

Ms Annika Tweddell#

3

UNSW

Title not available

Mr James King

4

UNSW

Estimation of evapotranspiration using scintillometers

Matthew McCabe

Mr Randell Leighton

4

Flinders

Remote sensing the response of terrestrial ecosystems to
various conditions of water availability and its applications

Huade Guan
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NAME

PROGRAM

UNIVERSITY

PROJECT TITLE/ACTIVITY

SUPERVISOR/S

Ms Sarah Robertson

5

UWA

Enforcing the legal limits on water access rights in WA

Alex Gardner

Ms Natasch Sommer

5

UWA

Mine dewatering in the Pilbara: a legal framework

Alex Gardner

Mr Adam King

1

QUT

The Cressbrook Creek alluvial aquifer system, south east
Queensland: conceptual hydrogeological model,
hydrological processes and response to flood events

Malcolm Cox
Matthias Raiber
Mauricio Taulis*

Mr Mark Peterson

1

UNSW

Apparent groundwater age and matrix diffusion of
radionuclides in fractured rocks

Martin Andersen
Ian Acworth
Dioni Cendon*

Mr Dylan Irvine

2

Flinders

Quantification and comparison of solute and heat tracers

Craig Simmons
Adrian Werner
Heather Sheldon*

Miss Danica Jakovovic

2

Flinders

Numerical modelling of saltwater up-coning

Adrian Werner
Craig Simmons

Mr Tariq Laattoe

2

Flinders

Biogeochemical transformations in hyporheic zones under
transient stream conditions

Vincent Post
Adrian Werner

Ms Jessica Liggett

2

Flinders

An analysis of surface–subsurface exchange and solute
transport processes in a fully integrated code

Adrian Werner
Craig Simmons

Mr James McCallum

2

Flinders

Investigating the impact of heterogeneity on environmental
tracer methods

Craig Simmons
Peter Cook
Adrian Werner

Mr Carlos Miraldo Ordens

2

Flinders

Groundwater recharge in Uley South, southern Eyre
Peninsula

Adrian Werner
John Hutson*

Ms Leanne Morgan

2

Flinders

National-scale vulnerability assessment of seawater
intrusion project: interface methods for assessing
seawater intrusion vulnerability

Adrian Werner
Michael Teubner*
Craig Simmons

Mr Ty Watson

2

Flinders

The use of paired complex and simple models for
calibration and predictive analysis

Adrian Werner
John Doherty
Craig Simmons

Mr Yueqing Xie

2

Flinders

Temporal variability of free convective transport in porous
media

Craig Simmons
Adrian Werner

Mr Yulong Zhu

2

Flinders

Highly transient, spatially-distributed surface water –
groundwater interactions

Adrian Werner
Craig Simmons

Ms Louise Anders#

3

Flinders

Recharge from losing intermittent and ephemeral streams

Peter Cook
Glenn Harrington

Mr Alexander Atkinson

3

Monash

Quantifying sources and fluxes of water in upland
catchments

Ian Cartwright
Benjamin Gilfedder

Miss Sarah Bourke

3

Flinders

Infiltration from losing streams in sub-tropical arid
environments

Peter Cook
Glenn Harrington

Mr Roger Cranswick

3

Flinders

The importance of the hyporheic zone for quantifying
groundwater discharge to rivers

Peter Cook
Sebastien
Lamontagne

Ms Michelle Irvine

3

Flinders

Identifying sources of recharge and groundwater flow
processes using hydrochemistry

Peter Cook
Glenn Harrington
Ian Acworth

Miss Saskia Noorduijn

3

Flinders

Quantifying surface water – groundwater interaction in a
heterogeneous environment

Peter Cook
Glenn Harrington

Mr Seng Chee Poh

3

UQ

Groundwater and surface water interactions in the
estuarine wetland: environmental tracers approach

David Lockington

Mr Nicolaas Unland

3

Monash

Interaction of groundwater and surface water in the
coastal setting of east Gippsland, Victoria

Ian Cartwright
Edoardo Daly

PHD CANDIDATES
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NAME

PROGRAM

UNIVERSITY

PROJECT TITLE/ACTIVITY

SUPERVISOR/S

Ms Chani Welch

3

Flinders

Temporal variability of the chemistry of groundwater
discharge to rivers as a function of bank storage

Peter Cook
Glenn Harrington

Mr Cameron Wood

3

Flinders

Arid zone groundwater recharge and the role of ephemeral
surface water features

Peter Cook
Glenn Harrington

Mr Chenming Zhang

3

UQ

Salt transport and distribution in estuarine wetlands

Ling Li
David Lockington

Miss Cecilia Azcurra

4

UNSW

The use of stable isotopes to quantify the local water cycle
in a semi-arid environment

Matthew McCabe
Andy Baker
Jason Evans*

Mr Joshua Dean

4

La Trobe

Catchment-scale water and salinity impacts of changing
land use in south-west Victoria

John Webb
Peter Sale*

Miss Zijuan Deng

4

Flinders

Dependence of canopy temperature on vegetation water
status and its implication in groundwater-dependent
ecosystems and urban environments

Huade Guan
Craig Simmons

Mr Esmaeilabadi Ershadi

4

UNSW

Estimation of evapotranspiration using remote sensing

Matthew McCabe
Jason Evans*

Mr Junliang Fan

4

UQ

Understanding, monitoring and modelling groundwater
recharge under subtropical coastal forests

David Lockington
Thomas Baumgartl*
Alexander
Scheuermann*

Ms Amy Gaukroger

4

UQ

Eco groundwater modelling of a perched lake – aquifer
system: Brown Lake on north Stradbroke Island

David Lockington
Basin Gibbes*

Mr Peter Graham

4

UNSW

Characterising fractured rock aquifer systems using
hydraulic, hydrochemical and geophysical tools

Matt McCabe
Jason Evans*
Ian Acworth

Mr Matt Hayes

4

UQ

Carbon cycling in a groundwater-driven coastal wetland
system: north Stradbroke Island

Catherine Lovelock
David Lockington

Mr Sanjeeva Manamperi

4

La Trobe

Assessing the effect of climate change on episodic
recharge in the Loddon River catchment, Victoria

John Webb
Caixin Tang*

Miss Nadia Santini

4

UQ

Understanding the seawater and freshwater dependence
of a widespread mangrove species using oxygen isotopes
as a tracer for water sources

Catherine Lovelock
Nele Schmitz*

Mr Parikshit Verma

4

Monash

Investigation and modelling of groundwater-dependent
ecosystems

Edoardo Daly
Ian Cartwright

Mr Hailong Wang

4

Flinders

Variation of land surface ET with vegetation types and
groundwater table fluctuations

Huade Guan
Craig Simmons

Ms Tricia Williams

4

Flinders

Investigation of hydrological behaviour in South Australian
catchments under changing climatic norms

John Hutson*
Huade Guan

Mrs Yanzi Xiao

4

UQ

Simulating dynamics between riparian vegetation and
groundwater using an eco-groundwater model

David Lockington
Ling Li
Sven Arnold*

Miss Xiang Xu

4

Flinders

Moisture stable isotope in SPAC: the experiment and
modelling

Huade Guan
John Hutson*
Craig Simmons

Mrs Sepideh Zolfaghar

4

UTS

Examination of groundwater-dependent ecosystems:
Eco physiological traits and responses to climate change

Derek Eamus
James Cleverly*
Melanie Zeppel*

Ms Emily Barbour

5

ANU

Multi-objective optimisation of environmental flows for
regulated river systems

Tony Jakeman
George Kuczera*
Carmel Pollino*
Geoff Podger*
Barry Croke*
Patrick Driver*
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NAME

PROGRAM

UNIVERSITY

PROJECT TITLE/ACTIVITY

SUPERVISOR/S

Ms Rachel Blakers

5

ANU

Parameterisation of surface-water models with
groundwater interactions

Barry Croke
Tony Jakeman
Bob Anderssen*

Mr Joseph Guillaume

5

ANU

Uncertainty, and using integrated models to help decision
making: the case of acceptable aquifer yield

Tony Jakeman
Sondoss El Sawah
Ejaz Qureshi*

Miss Madeleine Hartley

5

UWA

Regulating groundwater under the National Water Initiative:
a cross-jurisdictional analysis of consumptive pool
requirements and Indigenous rights and interests in
groundwater

Alex Gardner
Simon Young*
Tom Romero*

Mr Arshad Muhammad

5

ANU

Managed aquifer recharge: suitability and economic
potential in the lower Namoi Valley, NSW

Tony Jakeman
Bryce Kelly
Barry Croke
Ejaz Qureshi*

Miss Andrea Rawluk

5

CSU

Socio-institutional aspects of managed aquifer recharge

Allan Curtis
Emily Sharp*

5

CSU

How is the concept of groundwater ‘sustainable yield’
socially constructed and how can an improved
understanding lead to more sustainable groundwater
management in Australia?

Allan Curtis

Mr Stuart Roberton#

5

ANU

Integrated surface-water and groundwater management in
the Murray–Darling Basin and western USA

Stephen Dovers*

Mr Andrew Ross
Mr James Skurray

5

UWA

Institutions, transaction costs, and groundwater policy: the
potential for a cap-and-trade scheme for groundwater in
the Gnangara region of Western Australia

David Pannell
Tony Jakeman
Ejaz Qureshi*
Margit Kragt*

5

UWA

Trade-offs between environmental outcomes and
agricultural productivity in the context of declining
groundwater availability and climate variability

David Pannell

Ms Alison Wilson

Miss Chunfang Xu

5

UniSA

Incorporating plantation forestry as a water affecting
activities into the sustainable water allocation plan

Jennifer McKay
Ganesh Keremane

Dr Alessandro Comunian

1

UNSW

Innovative characterisation of aquifers and aquitards

Bryce Kelly
Andy Baker
Gregoire Mariethoz

Dr Anna Greve

1

UNSW

Characterisation of aquitards

Ian Acworth
Wendy Timms

Dr Adam Hartland

1

UNSW

Innovative characterisation of aquifers and aquitards using
geochemical approaches

Wendy Timms
Ian Acworth

Dr Catherine Jex#

1

UNSW

Characterising fractured rock aquifer systems using new
hydrochemical and geophysical tools

Andy Baker
Martin Andersen

Dr Sanjeeva Jha

1

UNSW

Aquifer characterisation and hydrological modelling

Gregoire Mariethoz
Bryce Kelly

Dr Gregoire Mariethoz**

1

UNSW

Innovative methods for acquifer characterisation

Andy Baker

Dr Matthias Raiber

1

QUT

Assessment of sedimentary systems in south-east
Queensland with multiple aquifers and complex hydrology
using integrated 3D hydrogeological and hydrochemical
modelling

Malcolm Cox
Bryce Kelly

Dr Gabriel Rau

1

UNSW

Heat as a tracer

Martin Andersen

Dr Gyanendra Regmi#

1

UNSW

Innovative characterisation of aquitards; centrifuge
permeameter, geotechnical testing

Wendy Timms

Dr Hamid Roshan

1

UNSW

Mass and energy transport in porous material including
analytical, numerical, field and laboratory research with
special emphasis on heat propagation in porous media

Martin Andersen

POSTDOCTORAL FELLOWS
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NAME

PROGRAM

UNIVERSITY

PROJECT TITLE/ACTIVITY

SUPERVISOR/S

Dr Behzad Ataie-Ashtiani

2

Flinders

Homogenisation of unstable density dependent flow

Craig Simmons
Adrian Werner

Dr Sergio Galindo-Torres

2

UQ

Development of numerical methods based on realistic
fluid-solid interactions to solve engineering problems at
the pore scale

Ling Li

Dr John Kozuskanich

2

Flinders

Interpreting environmental tracers in fractured rock
environments

Craig Simmons
Peter Cook

Dr Chunhui Lu

2

Flinders

Seawater intrusion processes and control

Adrian Werner
Craig Simmons

Dr Lieke Van Roosmalen

2

Flinders

Modelling surface water – groundwater interaction at the
catchment scale

Adrian Werner
Craig Simmons

Dr Pei Xin

2

UQ

Interaction between the surface and subsurface: surface
water – groundwater interactions in coastal wetlands:
model development and simulation, laboratory experiment
and field observation

Ling Li

Dr Jordi Batlle-Aguilar

3

Flinders

Project 1: Infiltration processes and groundwater
recharge estimates in ephemeral losing streams at the
transect scale
Project 2: Tropical rivers: surface or groundwater? A study
of the Mitchell River, far north Queensland

Peter Cook
Glenn Harrington

Dr Anirban Das#

3

James Cook

Quantifying groundwater discharge to streams

Marc LeBlanc

Dr Ben Gilfedder

3

Monash

Groundwater interaction with lakes and wetlands:
quantification of transient groundwater fluxes in coastal
wetlands, estuaries and lakes using radon, stable
isotopes and major ions

Ian Cartwright

Dr Harald Hofmann

3

Monash

Spatial and temporal scales of surface water –
groundwater interactions in upper catchments

Ian Cartwright

Dr Joshua Larsen

3

UNSW

Hyporheic processes and chemical interactions:
groundwater pumping and the impact on surface–
groundwater exchange and biogeochemical processes

Martin Andersen
Ian Acworth

Dr Mothei Lenkopane#

3

UQ

Impacts of tidal processes

David Lockington

Dr Margaret Shanafield

3

Flinders

Transient infiltration in disconnected streams
(modelling)

Peter Cook

Dr Mark Trigg#

3

Flinders

Groundwater interaction with lakes and wetlands

Peter Cook

Dr Hoori Ajami

4

UNSW

Toward improved estimations of groundwater recharge
and evapotranspiration using coupled versus integrated
hydrologic models

Matthew McCabe
Jason Evans*

Dr Samantha Grover

4

Monash

Estimation of water balance in groundwater-dependent
ecosystems

Edoardo Daly

Dr Adrien Guyot

4

UQ

Role of the vegetation in the recharge of sandy aquifers in
south-east Queensland

David Lockington

Dr Randol Villalobos

4

UTS

Impact of watertable decline on groundwater-dependent
vegetation

Derek Eamus

Dr Vinodkumar

4

Flinders

Groundwater–land surface–vegetation–atmosphere
interactions during temperature extremes

Huade Guan

Dr Sondoss El Sawah

5

ANU

Adaptive groundwater management in the Willunga Basin

Tony Jakeman

Dr Ganesh Keremane

5

UniSA

Managed aquifer recharge and statutory water plans

Jennifer McKay

Dr Emily Mendham

5

CSU

The Wimmera social benchmarking project: Cotton CRC
integrated water/climate scenario modelling

Allan Curtis

Dr Michael Mitchell

5

CSU

Willunga Basin project: integrated assessment of
groundwater management options in the Willunga Basin

Allan Curtis

57

NAME

PROGRAM

UNIVERSITY

PROJECT TITLE/ACTIVITY

SUPERVISOR/S

Dr Jose-Luis Molina#

5

ANU

Assessment and development of strategies for integrated
groundwater management

Tony Jakeman

Dr Darren Sinclair

5

ANU

Regulation and governance

Neil Gunningham

Dr Emily Sharp

5

CSU

An integrated assessment of the socioeconomic impacts
of climate change, technology and water policy drivers in
cotton catchments

Allan Curtis

Dr Zhifang Wu

5

UniSA

Managed aquifer recharge and statutory water plans

Jennifer McKay

Mr Edward Banks

Flinders

Research activities at the Willunga Basin Super Science
site

N/A

Dr Nikki Harrington

Flinders

Groundwater modelling of the Willunga Basin and surface
water – groundwater interaction in south-east South
Australia

N/A

Ms Stephanie Villeneuve

Flinders

Research support in the Willunga Basin and assistance
with short course training programs

N/A

RESEARCH FELLOWS

RESEARCH ASSISTANTS
Ms Le Dung Dang

2

Flinders

Development of groundwater flow and seawater intrusions
for the Uley South Basin, SA

N/A

Ms Peta Jacobsen

2

Flinders

Conducting literature reviews

N/A

Ms Yunhui Guo

4

Flinders

Project data processing

N/A

Mr Carl Rofe

4

Flinders
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University of South Australia

UNSW
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University of Queensland
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