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When scientists say groundwater many
people conjure up the idea of a vast
subterranean lake – ready for us to use as
drinking water or irrigation for our crops
and farms. While that may be an appealing
image, in fact our groundwater resource is
the water in the pores or cracks in the sands,
gravels and rocks beneath our feet. It is out
of sight but the resource is essential for
our environment, our communities and our
agricultural productivity.
Aquifers are bodies of saturated rock or
sediment from which groundwater can be
extracted in sufficient quantities for us to use.
There are about 200 aquifers identified in New
Zealand. They lie under more than a quarter of
our land surface and are estimated to hold over
700 billion cubic metres of groundwater. 80%
of the annual river flow volume comes from
groundwater. While Canterbury has the largest
groundwater storage there are important
aquifers in other parts of New Zealand too.
Forty percent of people in New Zealand rely
on groundwater for drinking water supplies
either partially or completely. Yet that water is
vulnerable to contamination by disease causing
micro-organisms, as well as from nitrates,
pesticides and other contaminants.
While our rivers and the state of their health
are rightly regarded as important taonga, little
attention is given to the groundwater that
sustains the flows in most of our rivers and
streams. In fact, it seems that for groundwater,
it is out of sight, out of mind. We only remember
the water is there when something goes
wrong, such as the widespread illness linked
to a contaminated bore that took place two
years ago in Havelock North. The health of
our surface waters can be directly linked to

the quality of groundwater resources. Yet our
groundwater resources, like some of our rivers,
are under stress. Contaminants from farming,
industry and waste threaten groundwater
quality. The pollution is widespread and difficult
to treat.
Scientists at ESR, Lincoln Agritech, GNS
Science and Aqualinc Research are working
on ways to better understand groundwater
systems and how we can improve them. Many
research projects are collaborations between
us as well as other partners. In this newsletter,
we will hear about some of these projects
that range from creating a groundwater
atlas, modelling the water flows under the
ground, monitoring depth and pressure of
groundwater systems and understanding the
complex ecosystems that exist in groundwater.
These projects are important but there is so
much more fundamental research needed to
understand and address the issues associated
with the management and protection of such a
vital resource.
The quality of groundwater is an important
part of ensuring mahinga kai is thriving. We
must be committed to working with Māori,
investing and partnering with them, to increase
the understanding and management of this
essential resource.
Scientists still know relatively little about
groundwater, particularly about how it may
be affected by increasing demand, pollution
and climate change. We need to build up our
scientific knowledge to protect groundwater
now and for future generations.
Murray Close, ESR

ESR, Aqualinc, Lincoln Agritech and GNS Science groundwater scientists are working together, building on each other’s strengths, to improve the understanding and quality of groundwater in New Zealand.

Setting a new standard for groundwater monitoring
Continuous monitoring of shallow groundwater in
Christchurch has allowed observation of groundwater levels
at a resolution that was previously unknown. A network
of over 1000 shallow piezometers was installed by EQC in
2011, to provide information about shallow groundwater.
Piezometers monitor the pressure or depth of groundwater.
The information collected feeds into the assessment
of liquefaction vulnerability. These piezometers were
monitored manually on a multi-week schedule for several
years. In 2016, sensors were installed in 249 sites logging
water level and temperature every 10 minutes.
The monitors have great value helping to understand the
variability of groundwater levels, and what is driving it. Early
observations suggest that high rainfall events can cause a
short-lived spike in groundwater levels of up to a metre in some
areas, but a more damped and delayed response in others. The
piezometers show a wide range of groundwater level responses
to rainfall, tidal influences and other drivers. These responses
were previously unseen with weekly or monthly measurements.
The results have major implications in terms of understanding
liquefaction potential, groundwater contribution to surface water
flooding, and issues of rising groundwater with sea level rise and
climate change. The data will potentially provide operational
advantages, for example, planning the timing of infrastructure
work in order to minimise dewatering requirements.
Dr Helen Rutter, Aqualinc, Dr Simon Cox, GNS Science, Dr
John Haines, GNS Science, Marion Schoenfeld, Canterbury
City Council and Dr Hugh Cowan, EQC

Groundwater level hydrographs for two shallow piezometers at different
distances from the coast, showing both tidal and recharge signals.

Understanding the groundwater ecosystem
Photo: Erin McGill

Researchers in Canterbury from ESR, NIWA and Auckland
University are looking at how the microbes that exist in
underground aquifers can help keep groundwater supplies
healthy. ESR groundwater scientist Louise Weaver says the
ecosystem in groundwater plays a vital role in processing
contaminants such as nitrates that end up there from a
range of land uses.
The perception is that groundwater is a sterile environment.
However, there are organisms there that form a complex
ecosystem that can protect the water as part of nutrient cycling.
But these natural underground communities of organisms are
coming under stress from the cumulative effects of a range of
contaminants coming from the land.
Dr Weaver says that by looking at the whole range of organisms
that are there and how they change in response to contaminants,
scientists can start building a picture of the stress a groundwater
environment is under. Changes in water quality will be seen in
changes to biological diversity.

A newly identified amphipod, from the species, Ringanui toonuiiti, can be
found in the groundwater ecosystem.
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She says changes in above ground ecosystems are well
understood because they have been studied intensively for so
long. “Take for example the African plains – we know what the
lions and zebras do and how they interact. By comparison some

Heating up what lies beneath

Dr Theo Sarris at work modelling groundwater flows.

Tracing of contamination in our drinking water supplies may
be as easy as using hot water – according to an ESR scientist
studying the Canterbury aquifers.

“If we can characterise the aquifers and
understand their complex structures,
we can model where contaminants may
be coming from and how they travel
through the subsurface.”

at high concentrations. The advantage of a heated water tracer
is that it is a lot cheaper and only requires temperature “loggers”
rather than the analysis required to measure dye concentrations.
In an experiment, carried out on a small section of the
Canterbury aquifer at Burnham, ESR scientists injected water
at 37 degrees (about 25 degrees above the normal groundwater
temperature) over a 15-day period.
Analysis of the experimental data gathered over 78 days, was
run on ESR’s high performance modelling server over a period of
several months. The results, which have been published in the
prestigious Journal of Hydrology, show that heat offers useful
and practical information about the structure of an aquifer
and how groundwater and contaminants move through them,
especially in fast moving aquifers like those under Canterbury.

Groundwater scientist Theo Sarris has used heat to better
understand the structures and contamination pathways in the
aquifer, in an effort to better predict where a particular pathogen
has entered the water supply.

Dr Sarris says using heat is definitely another useful and
environmentally friendly tool that helps scientists better
understand the groundwater resources and how to manage them
sustainably.

Water-supply contamination, like that which hit Havelock North
two years ago, poses challenges for scientists trying to pinpoint
the source.

“We are always trying to get a better idea of the structure of the
groundwater aquifer. Experiments like these help but there is
still a lot we need to know.”

“If we can characterise the aquifers and understand their
complex structures, we can model where contaminants may be
coming from and how they travel through the subsurface,” says
Dr Sarris.

Dr Theo Sarris, ESR

Scientists traditionally use chemical tracers, which are both
expensive and potentially harmful for the environment if applied
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of the macroinvertebrates and microorganisms in groundwater
systems have yet to be identified.” A paper published last year by
researchers at the British Geological Survey found vast quantities
of nitrate stored in rocks above drinking water resources. The
authors of that report estimated up to 180 million tonnes of
nitrates are stored in rocks worldwide, perhaps twice the amount
stored in soils.
New Zealand’s groundwater resources extend beneath roughly a
quarter of our landmass. They are made up of extensive systems
of saturated rock and sediment, which sustain flows in 80 per
cent of our rivers and streams.

The perception is that groundwater is a
sterile environment. However, there are
organisms there that form a complex
ecosystem that can protect the water as
part of nutrient cycling.

Dr Weaver says one of the challenges has been identifying the
organisms that play a part in removing the nitrates.
“At the moment there is so much fundamental information we
don’t have. There is a whole range of organisms that have specific
functions, habitats and inter-relationships, which are currently
poorly understood.”
The project, which has National Science Challenge, Biological
Heritage funding, as well as from the Strategic Science
Investment Fund (SSIF), is part of wider research looking to
develop an index, similar to the macroinvertebrate community
index which is used in surface water, to get an indication of the
health of the groundwater resource.

Dr Louise Weaver (ESR) and Joseph Thomas (Tasman District Council)
taking samples of the groundwater ecosystem.

and microbial organisms that are there. The challenge is
coming up with sampling techniques so that the samples
are representative of what is underground. With larger
macroinvertebrates researchers use nets. With smaller
organisms they pump large volumes of water from the ground
and filter it, extract the DNA and see what is present.
Aside from the inherent conservation values in the array of
organisms present in groundwater, Dr Weaver says research to
identify and characterise what is there has another benefit.

Dr Louise Weaver with ESR Principal Technician Phil Abraham.

She says New Zealand scientists are at a very early stage of
developing that groundwater index, and refining systems for
getting accurate samples of the vast array of macroinvertebrates
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“If we understand the processes and the organisms involved
in more detail then there’s the potential to actually use them
for bio-remediation. In the future you could put some of these
organisms into the system to drive the removal of contaminants
even further.”
Dr Louise Weaver, ESR

Scientific tools help improve
water quality in the farming
sector
Achieving export growth means developing new markets
and these markets will be increasingly judging us on the
environmental integrity of our production processes. If
we allow environmental impacts to worsen, we risk
damaging our reputation which our primary sector relies on.
Positive economic development must be based on positive
environmental outcomes.
Bulk commodities dominate our primary sector exports
and this is likely to continue for the foreseeable future. This
strategy inevitably leads to intensification and with that comes
environmental impact. We need to understand this impact if we
are to develop appropriate mitigation strategies.
The fate of nitrates attracts the most attention due to dairy
intensification. Dairy is not the only sector negatively impacting
our environment, other agriculture systems such as arable
farming can also cause problems. But it is nitrate management
that needs greater resourcing to meet the call-to-action.
Nitrate leaching from cow urine patches is a major contributor
to groundwater contamination. Soil scientists must continue
working to solve this issue, but farming system changes also
require further attention. It is important to invest in research that
helps improve production systems, retain nitrogen in the root
zone, and reduce other contaminant transfers.

Dr Blair Miller in the field.

The groundwater system is highly complex and modelling its
processes is extremely difficult, but necessary, if we are to fully
understand how they work. The problem with making decisions
before completely understanding the processes involved is that
nutrient limits may be set too low, potentially limiting production
in areas that could operate safely at higher intensities.
Land-use planners need more information – they must make
difficult decisions about the appropriateness of farming activities
in specific locations and about where to focus resources.
Lincoln Agritech has a team of researchers who are working on
both direct mitigation approaches, such as trialling woodchip
bioreactors, as well as understanding the land’s ability to
naturally mitigate nitrate losses from the root zone given specific
conditions. Other research underway includes catch crops to
reduce nitrate leaching.
One of the areas we are most excited about is the recent
release of the HydrometricsTM optical nitrate sensor, a low cost
technology for measuring nitrate concentrations in groundwater.
The sensor has already been used by a number of regional
councils as well as being used to understand the positive impact
of the Managed Aquifer Recharge trials in Mid-Canterbury.
Farmers are now starting to install these sensors so they can
directly measure nitrate levels and collect data that provides
them with information to join the continuing discussions on
nutrient allocations for their regions.

James Wang from Lincoln Agritech installing a HydroMetricsTM nitrate
sensor in a monitoring well in Canterbury.

OVERSEER®, is a New Zealand software that enables farmers
and growers to improve nutrient use on farms, delivering better
environmental outcomes and better farm profitability. While
adding significant value, one of its limitations is that it does not
deal with the fate of the nitrate once it leaves the root zone. The
transport and transformation processes in the area between
roots and groundwater systems have not been adequately
researched to date.

We will continue to use our developing technologies and
scientific understanding to help farmers directly measure their
nitrate losses and this will complement current modelling
approaches. In many situations, this data will reduce the level of
uncertainty associated with current modelling methods, enabling
improved decision-making.
The challenge to the Government is to give our scientists the
resources so they can contribute to the task ahead.
Dr Blair Miller, Lincoln Agritech
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A digital groundwater atlas for New Zealand

Pupu Springs.

GNS Science is leading a collaborative project to develop
New Zealand’s first digital Groundwater Atlas, which will
contain comprehensive information about this important
resource at a national scale. The output will be a set of
publicly available online digital groundwater maps that
use nationally-consistent methods to describe our current
state of knowledge on groundwater quality, quantity, flows,
locations and drinking water security assessments.

is fragmented and not in a consistent format, so is not readily
available for policy development or national-scale environmental
reporting.

Groundwater is an essential part of our environment. It accounts
for nearly 30% of the volume of New Zealand’s drinking-water
and has an estimated economic value of $2 billion-a-year from
irrigation alone. (Note 40% of New Zealanders get their drinking
water from groundwater). To sustainably manage this resource
government needs to know where groundwater is, how much
there is, how it moves through aquifers, its quality and any
seasonal variations.

The project team includes groundwater scientists from GNS
Science, ESR, Aqualinc Research Ltd, and NIWA, under a contract
with the Ministry for the Environment. The team is uniquely
placed to undertake this work, having spent over a decade
working on projects that have led up to the development of this
initiative. GNS Science’s Hydrogeology group is uniquely placed
to lead this work, being responsible for monitoring groundwater
quality at the national scale since 1998 and having spent over a
decade working on projects that have led up to the development
of this initiative.

The project will unify disparate information about New Zealand’s
groundwater resources and facilitate improved freshwater
management. Much of the information already exists, but it

Groundwater is an essential part of our
environment. It accounts for nealy 30% of
the volume of New Zealand’s drinking-water
and has an estimated economic value of
$2 billion-a-year from irrigation alone.
6

As the project develops, we will make improvements to the
existing information. For example, the 2001 national aquifer map
will be updated to produce the first nationally-consistent 2D map
of aquifer boundaries since 2014.

The Atlas will inform multiple work streams across the Ministry
for the Environment related to legislated requirements for
environmental reporting and management of freshwater. This
includes allocation, groundwater and surface water interactions
and limit setting. It will also increase public awareness about
groundwater and help identify information gaps to support future
work.
The New Zealand Groundwater Atlas is intended as a first
version, with the digital data formats created in anticipation of
future updates.
John Callan, GNS Science

Groundwater – a mysterious resource
In a court case from the USA in 1861 (Frazier vs Brown), the
judge ruled that “the existence, origin, movement and course
of such waters, and the causes which govern and direct
their movements, are so secret, occult and concealed, that
an attempt to administer any set of legal rules in respect to
them would be involved in hopeless uncertainty, and would
be, therefore, practically impossible”. In the years since,
we have developed ways of understanding this mysterious
resource, such that, though uncertainties remain, we can
predict cause and effect with much greater confidence.
Groundwater and surface water are two components of a single
resource: groundwater is the link between the land surface and
surface waters. Rivers and streams that are maintained in the
absence of rainfall are due to groundwater discharging into the
surface waters. Land use changes that affect recharge water
quality, will impact on groundwater, which will ultimately be
discharged to the surface or at the coast. In order to predict how
surface water quality and quantity will respond to changes in
groundwater quality and quantity, we need to understand the
likely flow paths.
So what has changed since 1861 that we now believe we can
predict how groundwater, and surface waters, will respond to
changes in abstraction, land use or climate? Firstly, we now
routinely collect a huge amount of data – on groundwater
levels, groundwater quality, surface water flows and quality, and
aquifer properties (through testing). We are able to carry out
tracer tests, where we introduce a tracer into the groundwater

environment and test to see if it appears at another location.
Age dating techniques have advanced such that we can start to
understand the age of water at a specific location. However, all
of this information presents us with an intractable problem: how
we can make sense of the wealth of information on groundwater
levels, river flows, and water quality and age, that varies in space
and time. In order to make sense of this data, with the advent of
modern computing, we can use complex 3-D computer models
to model groundwater flow and contaminant transport, and
predict the effects of changing inputs, such as changing land use
or climate, into the system.
Groundwater modelling provides us with a way of investigating
management options, with the model based on a thorough
understanding of the system, established through multiple
lines of evidence. A lack of understanding of how groundwater
and surface water interact can result in a range of issues,
such as microbial contamination of groundwater for drinking
water supply, or eutrophication of swimming holes. Effective
groundwater management will increasingly require a multidisciplinary approach, with the skills to carry this out distributed
across organisations within New Zealand.
Scientists at ESR, Aqualinc, Lincoln Agritech and GNS Science,
along with others, have the tools and expertise to further the
understanding of groundwater, and thus protect, this important
resource for future generations.
Dr Helen Rutter, Aqualinc

For more information about groundwater and the research projects please contact:
ESR WATER QUALITY
SOLUTIONS: Groundwater
KEY CONTACTS:
Murray Close
Senior Science Leader,
Environmental Science
E: murray.close@esr.cri.nz
DDI:+64 3 351 0014
Dr Louise Weaver
Senior Scientist,
Environmental Science
E: louise.weaver@esr.cri.nz
DDI: +64 3 351 0074
Dr Lee Burbery
Senior Scientist,
Environmental Science
E: lee.burbery@esr.cri.nz
DDI: +64 3 3510087
Dr Theo Sarris
Groundwater Modeller,
Environmental Science
E: theo.sarris@esr.cri.nz
DDI: +64 3 351 0079

AQUALINC RESEARCH LTD
KEY CONTACTS:
Dr Helen Rutter
Senior Hydrogeologist
E: h.rutter@aqualinc.co.nz
DDI: +64 3 964 6516
Dr Greg Barkle
Principal Research Engineer
Director
E: g.barkle@aqualinc.co.nz
DDI: +64 7 858 4851
Dr John Bright
Director: Research and
Development
E: j.bright@aqualinc.co.nz
DDI: +64 3 964 6517

LINCOLN AGRITECH LTD
Environmental Group

GNS SCIENCE
Hydrogeology Group

KEY CONTACTS:

KEY CONTACTS:
Dr Stewart Cameron
Senior Scientist; Head of
Department: Hydrogeology
E: s.cameron@gns.cri.nz
DDI: +64-7-376-0121

Dr Blair Miller
Group Manager,
Environmental Research
E: blair.miller@
lincolnagritech.co.nz
DDI: +64 3 325 3724
Dr Roland Stenger
Principal Scientist,
Environmental Research
E: roland.stenger@
lincolnagritech.co.nz
DDI: +64 7 858 4844

Dr Chris Daughney
Director, Environment and
Materials Division
E: c.daughney@gns.cri.nz
DDI: +64-4-570-4751
www.gns.cri.nz

www.lincolnagritech.co.nz

Dr Andrew Dark
Business Manager: Research
and Development
E: a.dark@aqualinc.co.nz
DDI: +64 3 964 6523
www.aqualinc.com

www.esr.cri.nz
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40% of New Zealanders
depend on groundwater
for drinking water

80% of the annual

river flow volume comes
from groundwater

$2B goes into the

economy annually from
groundwater-sourced
irrigation

200

There are about
aquifers in New Zealand.
They store water that feed
lakes and rivers, and are
an important source of
water for towns, cities,
farms and industry.

Ground water is critical
in sustaining surface
aquatic ecosystems and

scientists

have grown our
understanding
of groundwater
hugely, but there is
much more to find
out to manage this
precious resource
now and for future
generations.

mahinga kai

aquifer systems

can consist of permeable
layers containing water
aquifers, separated by
relatively impermeable
layers of sediments

ecosystem

The perception is that
groundwater is a sterile
environment. However,
there are organisms
there that form a
complex ecosystem
that can protect
the water. These
organisms are coming
under stress from the
cumulative effects of
contaminants coming from
the land.

groundwater

is the water that soaks into
the soil from rain or other
precipitation and moves
downward to fill cracks
and other openings in beds
of rocks and sand. It is a
renewable resource, although
recharge rates vary greatly,
according to climate and geology.

ESR, Aqualinc, Lincoln Agritech and GNS Science groundwater scientists are working together, building on
each other’s strengths, to improve the understanding and quality of groundwater in New Zealand.

