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WELCOME

NEW ZEALAND HYDROLOGICAL SOCIETY

Welcome to Napier the Art Deco Capital of New Zealand! It is great to be able to host our conference
in Napier after a break of 18 years. There have been two New Zealand Hydrological Society (NZHS)
conferences held in Napier previously, one in 1979 and the last being in 1999.
The conference theme this year is: “Filling the Knowledge Reservoir”. A great range of oral and poster
papers will give everyone an opportunity to learn and gather knowledge on a wide area of hydrology.
The diversity and quality of the papers highlight the strength, depth and scope of the work in the
hydrological sciences. An excellent range of keynote speakers have also been confirmed and I would
like to encourage you all to attend these sessions. I am personally looking forward to hearing the
many great papers on offer and look forward to the ensuing stimulating discussions. An interesting
range of field trips and pre-conference workshops has also been organised for Napier.
As always the NZHS annual conference provides a great opportunity for hydrological colleagues to be
able to meet and share their knowledge, experience and research. The NZHS is a very collegial Society
and the conference is a great opportunity to further establish new contacts and networks and meet
not only old friends but new ones as well.
Thank you to all the sponsors for the ongoing support of our Society’s conference and the Society
itself. The Organising Committee supported by the symposium organiser’s On-Cue have put in some
hard work since early 2017 to make this event possible, a big thank you for all your efforts.
I wish everyone a great conference and am looking forward to the opportunity to meet as many of you
as possible. I hope your stay in Napier will be enjoyable and memorable and you take the opportunity
to also see some of the attractions that the beautiful Hawke’s Bay Region offers.

Joseph Thomas
NZHS President
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Conference Committee Welcome
The New Zealand Hydrological Society welcomes you to its Annual Conference, this year with the
theme of “Filling the knowledge reservoir”, from Tuesday 28 November to Friday 1 December 2017.
From the organising committee, welcome to Napier/Ahuriri. For those who have travelled from
overseas, a particular welcome to New Zealand/Aotearoa. We’re meeting in one of the driest areas
of the country, where water restrictions of some type are almost guaranteed every summer. But,
each conference paper or poster adds to our understanding of hydrological issues in wetter (and
drier!) regions. The wide range of research and investigation presented at our Annual Conference is
always exciting to see.
In three days of concurrent sessions we will all wish to cram in as many of the almost 200 papers as
possible. Plenty of time has been left in the programme also to take in the posters, and to catch up
with colleagues, or to button-hole that presenter about their particularly interesting presentation.
After you’ve let your hair down at the conference dinner on Thursday evening at Mission Estate
winery, we hope the field trip attendees will be energised by the views from Roy’s Hill and Te Mata
Peak.
Thank you for supporting this conference. Thank you also to the conference sponsors for their
support.
If you have any queries at any stage please contact the conference office or us. Thank you.
On behalf of the organising committee,
Stephen Swabey – Hawke’s Bay Regional Council
NZHS 2017 Conference Convenor

ORGANISING COMMITTEE
Stephen Swabey – Hawke’s Bay Regional Council
Jeff Smith – Hawke’s Bay Regional Council
Thomas Wilding – Hawke’s Bay Regional Council
Andrew Neverman - Massey University
Susan Rabbitte – Lattey Group
Stewart Cameron – GNS
Shelley Haring - On-Cue

SAVE THE DATE
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LEADING NEW ZEALAND’S
HYDROLOGICAL SCIENCE
www.niwa.co.nz
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FLOOR PLAN
UPPER LEVEL

Emergency Information
In the event of an emergency you will hear an alarm at the venue, please follow staff
instructions, evacuate the building and assemble outside.
In the event of an earthquake, stop, drop and cover. When the shaking stops make your
way out of the building to the assembly point.
This information will be covered each day in conference housekeeping, preceeding the
Keynote presentation.

8

CONFERENCE VENUE FLOOR PLAN
LOWER LEVEL
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GENERAL INFORMATION
Registration Desk
If you require any assistance throughout the
conference please see the conference organisers at
the Registration Desk in the foyer.
A Conference Notice Board will be placed at the
Registration Desk and will be used to display
conference information, programme changes,
announcements and messages. Please check the
board regularly.

Internet and Password
Wireless internet broadband is provided free to
conference delegates, the password is ncon2017

All catering will be in the exhibition area.
If you have advised us of your special dietary
requirements, these have been forwarded to the
caterers and will be available on a separate table
individually marked.
At the Conference Dinner, please make yourself
known to the waiting staff and they will make the
necessary arrangements for your special meal. If
you have any dietary requirements that we are not
aware of, please see the Conference Organisers at
the Registration Desk on arrival at the conference.

Name Badges

Loading Presentations

Delegates are requested to wear their name badges
to all sessions and social functions. Student helpers
will be wearing green lanyards.

Please load your presentation at the Registration
Desk – this should be done at least two sessions
prior to your scheduled presentation session time.

Cell Phones

Poster Presenters

Please ensure that cell phones and/or pagers are
turned off, or silent, during all presentations.

Parking
Car parking is available in the 3 hour car park
situated behind the Ocean Spa Complex. Access is
off Marine Parade 400m north of the Centre. All day
and multi-day car parking passes are available at the
centre’s reception for attendees. Please note that
street parking areas are 2 hours only. Parking on the
forecourt at the front of the venue is for unloading
and loading only.

No Smoking
There is no smoking allowed inside the venue.

Contact Number
For assistance during the conference please call
Shelley from On-Cue Conferences on 021 403316

Public Transport
Taxis
Hawkes Bay Combined Taxis
Phone: 06 835 7777
The Napier Airport is approx. 15 minutes’ drive from
the Napier Conference Centre.
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Meals

Posters must be displayed before midday on
Tuesday 28 November. Poster boards are in the
Exhibition Hall – velcro dots will be provided. Please
ensure you are at the poster session by 2.30pm on
Thursday afternoon; your 2-minute presentation
will be streamed live into the conference Plenary
room. The session will finish by 4pm.

Session Chairs
Please can all session chairs be in their room at least
10 minutes prior to the start of the session. Please
familiarise yourself with the AV equipment. If you
have any questions, locate the student helper or AV
technician, who will be close by. It is very important
that presentations do not run over their allocated
total of 20 minutes so please ensure presenters
start and finish on time. If people want to move
rooms during sessions they should do so at the start
of the 3-minute question/discussion part of the
presentation.
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NAPIER CITY MAP

NAPIER
INFORMATION
Medical
New Zealand Emergency Services :
Ambulance, Fire and Police. Dial 111
from any public or private telephone or
mobile phone in New Zealand.
Napier Police :
Phone 06 831 0700 from within Napier.
The police station is located at 135
Dalton Street, Napier
Napier Hospital :
Elmwood House-Hospital:
44 Nelson Cres, Napier South, Napier
Phone 06 834 4048.
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Napier Doctors and
Medical Centres :
The Doctors Napier
30 Munroe St, Napier South, Napier
06-835 4696
Greendale Family Health Centre
135 Gloucester St, Greenmeadows, Napier
06 844 8071
HBDHB Napier Clinic
Napier Health Centre 76 Wellesley Rd,
Napier South, Napier
06 834 1815
Chemist/Pharmacy
Napier Pharmacy
Address
Phone
Hours

76 Wellesley Rd, Napier
South, Napier
: 06 835 0046
: 9am – 9pm every day

SOCIAL FUNCTIONS AND MEETINGS
Welcome Function
Tuesday 28 November 2017
4.50pm – 6.30pm

Venue
Dress

: Napier Convention Centre
: Casual

Enjoy a relaxed drink & nibbles whilst catching up with other conference delegates. Browse the Exhibition stands
and view the Poster Presentations.
This function is included in the registration fee (excluding day registrations). Additional tickets may be purchased for
guests and day delegates for $35.00

AGM
Wednesday 29 November 2017
5.00pm – 6.00pm
Venue
Room

: Napier Convention Centre
: Karamu

Young Professionals Function - kindly sponsored by Envco
Wednesday 29 November 2017
7.00pm – 9.00pm
‘Monica Loves’ bar, 39 Tennyson St, Napier.
Drinks and Food Sponsored by ENVCO

Conference Dinner - kindly sponsored by DHI
Thursday 30 November 2017
6.30pm – midnight
Venue
Tickets
Dress

: Mission Estate, 198 Church Road, Napier
: $120.00 Includes transport
: 1920’s

Bus pick up times:
Scenic Hotel : 6.00pm
Quality Inn : 6.10pm
Bus return times: 10.00pm and midnight
Join your fellow conference delegates to enjoy a special night out at one of Napiers award winning wineries - Mission
Estate.
This year’s theme for the conference dinner is 1920s gangsters and molls (or dolls if you prefer) – think Gatsby,
fedoras, boas and the mafia. Fits perfectly with Napier being the Art Deco capital!
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KEYNOTE SPEAKERS
Tuesday 28 Nov. 9.00am – 10.00am

Sarah Mager

Dr Sarah Mager is a lecturer in the Department of Geography at the University of
Otago and is engaged in research in the Southern Alps, and smaller headwater
catchments throughout Southern New Zealand. With diverse interests stemming
from geochemistry and water quality, to the role of occult precipitation in
augmenting water yields, Sarah uses geochemical tracers like isotopes and
solutes to inform hydrological processes. Alongside these interests is a strong
commitment to developing hydrology in New Zealand through mentoring and
supervising graduate students in Masters and Doctorate qualifications, and
currently holds the Education Portfolio on the New Zealand Hydrological Society
Executive.

Sarah Mager

Wednesday 29 Nov. 8.45am – 9.30am

Ken Taylor
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Ken Taylor is the Director of the Our Land and Water National Science Challenge,
one of the country’s eleven science Challenges set up to deal with complex
national issues that require research for their resolution. The Challenge mission
is to enhance primary sector production and productivity while maintaining and
improving our land and water quality for future generations. The Challenge has
a strong emphasis on working collaboratively with stakeholders and users of
science to ensure that its research findings are relevant, accessible and applicable.
Prior to taking up the role with the Challenge in April 2016, Ken was Director
of Science at Environment Canterbury, where he oversaw the group responsible
for meeting the information needs of the organisation and its community with
respect to the quantity and quality of natural resources in the region. In recent
years this work involved a growing emphasis on redefining both the design
and delivery of science to respond more effectively to the ways communities
of interest identify, process and contextualise information needs. This shift in
approach aligns with the way the Challenge wishes to operate. Since 2009 Ken
has been actively involved in the Land and Water Forum. For several years he has
chaired the National Objectives Framework reference group, a joint initiative of
the ministries of Primary Industry and the Environment, and the Forum, to help
develop one of the central elements of the government’s water reform package.

Wednesday 29 Nov. 1.20pm – 2.00pm

Konrad Weaver

Konrad Weaver is a PhD student at Victoria University of Wellington, studying
the hydrological effects of earthquakes. The PhD aims to elucidate the seismic
and hydrogeological controls that govern the observed responses, to inform
infrastructural decision-making in seismically active regions. The study uses
extensive datasets from the 2010-2011 Canterbury earthquakes, the 2013 Cook
Strait Earthquake Sequence, and the 2016 Kaikoura earthquake. Konrad’s research
interests include (geothermal) hydrogeology, water resources management, and
geochemistry. Prior to commencing his doctorate in 2014, he spent time working
as a consultant in Iceland, working on geothermal tracer tests and transport
modelling of geothermal effluent in the subsurface. Konrad completed his MSc
in Hydrology and Water Resource Management at Imperial College London in
2014, and his BSc in Geology at the University of Durham in 2013.

Thursday 30 Nov. 8.45am – 9.30am

Michael Fienen

Daniel Feinstein
Proudly Sponsored by

Michael’s Bio: Dr. Mike Fienen is a Research Hydrologist specializing in
groundwater modeling, parameter estimation, statistical and probabilistic
modeling, and uncertainty analysis at the USGS Wisconsin Water Science Center
in Middleton, Wisconsin USA. A native of Minnesota, Mike earned a B.A. in
Geology with a Russian Language minor from Macalester College in 1993. He
then embarked on a consulting career where he conducted field investigations
throughout the US and the Pacific Ocean and performed groundwater and air
dispersion modeling studies. In 2000, Mike enrolled in the Environmental Fluid
Mechanics and Hydrology program in the Civil and Environmental Engineering
Department at Stanford University, earning an M.S. degree in 2002 and a Ph.D.
in 2006. Mike was a National Research Council postdoctoral research associate
from 2006-2008 at the USGS in Wisconsin, converting to a Hydrologist position
in 2008 and his current Research Hydrologist position in 2011. Mike is also an
adjunct assistant professor in the Department of Geoscience at the University of
Wisconsin—Madison. When not working on modeling projects, Mike can usually
be found bicycling, playing music, traveling, cooking, or some combination of
those pursuits.
Daniel’s Bio: Mr. Feinstein studied ground-water modeling at the New Mexico
Institute of Mining and Technology and at the University of Wisconsin-Madison
before working as a consultant on remediation projects for Papadopulos &
Associates and Geraghty & Miller. In 1997 Mr. Feinstein joined the USGS where
his current research interests include simulation and protection of groundwaterdominated wetlands, statistical models which emulate process-driven simulations
of groundwater processes, and transport models which forecast heat flow
under climate change. Mr. Feinstein is an adjunct professor at the Geosciences
Department of the University of Wisconsin-Milwaukee and teaches modeling
courses in Italy.
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CONFERENCE FIELD TRIPS :
FRIDAY 1 DECEMBER
If you have not booked on a field trip and would like to, please enquire with the Conference Organisers at the
Registration Desk before 1.30pm on Tuesday 28 November. Both field trips include morning tea and lunch.

Brookvale and Te Mata Peak
Departure time : 8.45am – Napier Conference Centre
Return time : Approximately 3.30pm, there will be a drop off to the airport when passing through.
First stop will be Awatoto, stopping at Waitangi Estuary for discussion on managing three major rivers and streams to
improve estuarine water quality. The next stop will be Brookvale, to describe groundwater investigations following
the Havelock North drinking water contamination event in 2016. Followed by a majestic view of Heretaunga Plains
and Tukituki River valley from Te Mata Peak. Landuse change and water demand will be described, along with water
allocation and land use options explored during the current plan change process for the Heretaunga Plains. The trip
will conclude with a memorable lunch at Black Barn Bistro.

Roys Hill and Heretaunga Plains
Departure time : 8.45am – Napier Conference Centre
Return time : Approximately 3.30pm, there will be a drop off to the airport when passing through.
Visit True Earth Organics to observe organic vegetable operation and 150 year history of Heretaunga Plains. Observe
a Managed Aquifer Recharge scheme that operated from 1988 to 2008. Discuss why the scheme was abandoned
and the potential for MAR to be reintroduced on the Heretaunga Plains.
Then visit the Substation lysimeter site at Fernhill, that provides site-specific measurement of land surface recharge
on the Heretaunga Plains.
A drive up Roys Hill provides sweeping views of Heretaunga Plains and the Ngaruroro River valley. Hydrology, water
demand and landuse change on the Heretaunga Plains will be described, along with water allocation and land use
options explored during the current regional plan change process. The trip will conclude with a memorable lunch
at Te Awa winery.
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CONFERENCE PROGRAMME
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Tuesday 28 November
8:30am

Welcome & Opening of NZHS 2017 Conference, Karamu Room
Keynote Speaker 1: Dr Sarah Mager | Lecturer – University of Otago
Chair: Stephen Swabey

9:00am –
10:00am
Room Name

Karamu (Plenary)

Mohaka

Tukituki

Ngaruroro

Session

Modelling
Chair: Doug Booker

General hydrology
Chair: Stephen Swabey

Groundwater/surface
water connectivity
Chair: Katie Coluccio

Drinking water quality
Chair: Hugh Thorpe

10:00am –
10:20am

Impact of flow
uncertainty on reliability
of supply and physical
fish habitat simulation
Jan Diettrich
NIWA

Hydrological impacts
of natural vegetation
change at Glendhu,
Eastern Otago
Florence Mills*
University of Otago

Comparison of
Methods for Measuring
Groundwater-Surface
Water Interactions in
Braided Rivers
Katie Coluccio*
University Of Canterbury

Routine Microbial
Monitoring is a Negligible
Risk Barrier for Drinking
Water Safety
Mynampati Kalyan
Chakravarthy
DHI Water and Environment

10:20am –
10:40am

How confident are we
when predicting MALF
and FRE3 at new sites?
Doug Booker
NIWA

Vertical Soil Moisture
Attenuation Under The
Glendhu Sub-Alpine Tussock
Grasslands; A Case Study
Josephine Cairns*
University of Otago

Dry Cardrona?
Understanding the surfacegroundwater exchange of
the Cardrona River, Central
Otago
Kenzie Jackson*
University of Otago

Enhancing our knowledge
of groundwater ecosystems
Louise Weaver
Institute of Environmental
Science & Research Ltd (esr)

10:40am –
11:00am
Session

MORNING TEA
Contaminant
Transport and
Transformation
Chair: Lisa Scott

General hydrology cont..
Chair: Celine Cattoen

Groundwater/surface
water connectivity cont..
Chair: Jim Griffiths

Managed aquifer recharge
Chair: Brett Sinclair

11:00am 11:20am

E. coli modelling at
a daily time- step
- te awarua-oporirua harbour
and ruamahanga
catchments
Michelle Sands
Jacobs

Building an operational
National Flow Forecasting
System for New Zealand
Celine Cattoen
NIWA

Identification of losing
and gaining rivers in NZ
Jim Griffiths
NIWA

Hinds – hekeao managed
aquifer recharge pilot trial
– year 1 results
Bob Bower
WGA

11:20am 11:40am

Disaggregation of total
nitrogen input loads
for utilisation in Source
catchment modelling
Emily Diack
Williamson Water
Advisory Limited

Conveyance of Inorganic
and Organic Carbon in
Mountainous Rivers: Haast
River, Southern Alps, New
Zealand
Alexandra King*
University of Otago

Delineation of groundwater
sources in the Moteo valley,
Hawke’s Bay, using water
quality and geochemistry
Amir Levy
Lattey Group

Hinds – hekeao mar pilot trial
– year 1 public health
drinking water results
Bob Bower
WGA

11:40am –
12:00pm

Water quality modelling
using machine learning
Stuart Hamilton
Aquatic Informatics

Hydrogeochemical
composition of southern
alps rivers: comparison
between bed and dissolved
loads
Sophie Horton*
University of Otago

A hypothesis-testing
approach to quantifying
groundwater discharge
using radon-222 in the
Shag/Waihemo River
Heather Martindale
GNS Science

Hydrogeology of the
hinds – hekeao managed
aquifer recharge pilot trial –
implications for groundwater
storage in Canterbury, NZ
Brett Sinclair
WGA

12:00pm –
12:20pm

Irrigation Allocation
Rate - How much is
enough?
John Bright
Aqualinc Research Ltd

On the hunt for springs of
the Heretaunga plains
Thomas Wilding
Hawke's Bay Regional
Council

Integrated catchment
water management and
managed aquifer recharge
Russell Martin
Aqueon

12:20 1:20pm
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LUNCH | During lunch there will be a Student ‘speed-dating’ social networking session,
open for all students to attend
* Student presentations

Room Name
Session

Karamu (Plenary)
Contaminant Transport
and Transformation
Chair: Channa Rajanayaka

Mohaka
General hydrology cont..
Chair: Helen Rutter

Tukituki
Groundwater/surface water
connectivity cont..
Chair: Matthew Knowling

1:20pm 1:40pm

Towards a better representation
of nitrate transfer through
groundwater in the Reporoa
basin
Channa Rajanayaka
NIWA

The hydrological response of
a headwater catchment to
conversion from grazing pasture to
plantation forest
Andrew Hughes
NIWA

Employing additional field
investigation techniques to
support surface water depletion
analytical modelling
Susan Rabbitte
Lattey Group

1:40pm 2:00pm

Nutrients from groundwater in
two spring-fed tributaries of Te
Waihora/Lake Ellesmere
Lisa Scott
Environment Canterbury

Impact of climate change
on New Zealand’s frozen
water resource
Christian Zammit
NIWA

Simple versus complex models for
stream depletion confidence limits
Matthew Knowling
GNS Science

2:00pm 2:20pm

Mixing of flow between
an open framework gravel
channel and permeable
reactive barrier
Laura Banasiak
Institute Of Environmental
Science And Research Ltd

Development of Observation
Technique for the Amount of
Evaporation at Water Surface
Hyunseok Lee
HQ Tech

Stream depletion zones, response
functions and water management in
Heretaunga aquifer
Pawel Rakowski
Hawke’s Bay Regional Council

2:20pm 2:40pm

Assessment of on farm nutrient
losses and mitigation options in
the Mangatarere Catchment
Maggie Rogers*
University Of Victoria Wellington

Reflections on the Australian
Climate and Water Summer
Institute
Josephine Cairns
University of Otago

Modpath simulation and postprocessing for estimating flowweighted groundwater age
Hangjian Zhao
Williamson Water Advisory

2:40pm 3:00pm

Assessment of Water
Quality Scenarios in a
Tropical Wetland Watershed
in Singapore
Swee Yang Edmund Low
National University of Singapore

Impact of climate cycles and trends
on selwyn district water assets
Helen Rutter
Aqualinc Research Ltd

Scientific Discovery Through
Utilisation of the SOURCE Catchment
Model in the Bay of Plenty
Jessie Loft
Williamson Water Advisory

3:00pm 3:30pm
Session

AFTERNOON TEA
Urban Hydrology
Chair: Mathieu Lepot

General hydrology cont..
Chair: Markus Pahlow

3:30pm 3:50pm

Protection Options for
Managing Rising Groundwater
in South Dunedin - Review of
International Case Studies
Eric Van Nieuwkerk
Golder Associates (NZ)

Update of the
benchmarking of the
national hydrological model
for New Zealand
Christian Zammit
NIWA

3:50pm 4:10pm

Climatic triggering of landslides –
Wellington
Lizzie Fox
Opus

Determination of the
baseflow index across New
Zealand
Markus Pahlow
University Of Canterbury

Application of topnet-gw
to the north Ruamahanga
catchment
Jing Yang
NIWA

4:10pm –
4:30pm

Copper and zinc
concentrations from
artificial turf fields
Ed Clayton*
ClaytonFordham Ltd

Northland drought
assessment using standard
precipitation index
Hoa Pham
Northland Regional Council

Groundwater flow in the Wairarapa:
topnet and luci predictions compared
with real-world observations
Deborah Maxwell
Victoria University Of Wellington

4:30pm –
4:50pm

Towards a new technology
for sewer inspection
Mathieu Lepot
Tu Delft

A hydrological drought
index for the Clutha
Catchment
Malcolm Taylor
University Of Waikato

A geomorphic model to
describe key geological units for
groundwater flow in the Wairau
Plain
Paul White
GNS Science

4:50pm –
6:30pm

Groundwater/surface water
connectivity cont..
Chair: Jing Yang
What drives the storage dynamics
of the upper Wairau plain aquifer?
Thomas Wöhling
Technische Universität
Dresden, Lincoln Agritech

Welcome Function - Napier Convention Centre

Wednesday 29 November
8:30am

Housekeeping & Opening
Keynote Speaker 2: Ken Taylor | Director of Our Land and Water National Science Challenge
Chair: Jeff Smith
Karamu Room

8:45am 9:30am
Room Name Karamu (Plenary)

Mohaka

Tukituki

Ngaruroro

Session

Modelling
Chair: Jeremy White

General hydrology cont..
Chair: Tim Kerr

Groundwater Resources
Chair: Catherine Moore

9:30am 9:50am

Evaluating the
uncertainties in New
Zealand’s GIS datasets
Alicia Taylor*
Victoria University of
Wellington

Improved insights into fine
scale spatial variability of
snow depth, from drone
photogrammetry
Todd Redpath*
University of Otago

Use and worth of
airborne-EM data
for defining aquifer
hydraulic properties
Catherine Moore
GNS Science

Groundwater/surface
water connectivity
Chair: Frederika Mourot
From soil to groundwater:
leaching potential of
cadmium across gradients
of soil type and land-use
Amir Mohammadi*
The University of Waikato

9:50am 10:10am

Iterative Ensemble
Smoothers for
environmental model
history matching and
uncertainty quantification
Jeremy White
GNS Science

Use of rain radar
data in hydrological
model calibration,
Bay of Plenty
catchments
Philip Wallace
DHI Water & Environment

How can water isotopes
(δ18O, δ2H, 3H) help answer
hydrological questions?:
Martin Kralik
University Of Vienna,
Dept. Of Environmental
Geosciences

Anthropogenic effects on
water levels and dynamics
of the shag river and
connected alluvial aquifer
Frederika Mourot
Otago Regional Council

Observed
relationship
between high
intensity rainfall and
temperature
Tim Kerr
Aqualinc Research Ltd

Stable Isotopes in
Groundwater: From Facts
to Figures
Vanessa Trompetter
GNS Science

Changes in groundwater
quantity and quality
resulting from borderdyke to spray irrigation
conversion
William Dench*
University Of Canterbury

10:10am 10:30am

10:30am 11:00am
Room Name Karamu (Plenary)

MORNING TEA
Mohaka

Tukituki

Session

Update on major hydrological
opportunities
Chair: Charlotte Cudby

General hydrology cont..
Chair: Katherine Heays

Groundwater Resources cont..
Chair: Martin Kralik

11:00am 11:20am

Survey results on industry priorities
for national rainfall and runoff
guidelines.
Charlotte Cudby
Water New Zealand

Mata Kopae/St. Anne’s lagoon.
How to mitigate drying of an
inland lagoon?
Jeanine Topelen
Environment Canterbury

Uncertainty estimation for
tritium ages of baseflow
Michael Stewart
GNS Science

11:20am 11:40am

NZ hydrological/streamflow
forecasting model implementation
Celine Cattoen-Gilbert
NIWA

Assessment of Climate Change
Impact on Aquatic-ecology in South
Korea Using Land Surface Model
Seong Joon Kim
KWRA, Konkuk University

Heretaunga Plains Aquifers:
Groundwater Dynamics,
Source and Hydrochemical
Processes from Age Tracers and
Hydrochemistry
Uwe Morgenstern
GNS Science

11:40am –
12:00pm

Open and transparent access to
data
Dennis Jamieson
CWMS

Implementation of hydro-economic
water allocation model
Gunhui Chung
Hoseo University

12:00pm 12:20pm

The impact of climate change on
Mangere waste treatment plant
Katherine Heays
Tonkin And Taylor

12:20pm –
1:20pm
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LUNCH

* Student presentations

Keynote Speaker 3: Konrad Weaver| Victoria University
Chair: Stewart Cameron
Karamu Room
Mohaka
Tukituki

1:20pm 2:00pm
Room Name Karamu (Plenary)
Session

Modelling
Chair: Scott Wilson

Floods
Chair: Daniel Collins

General Hydrology
Chair: Christian Zammit

2:00pm 2:20pm

Predicting groundwater source
contributions to stream flow using
end-member mixing analysis
Scott Wilson
Lincoln Agritech

Evaluating a high-resolution
hydrological ensemble forecasting
system
Mabrouk Abaza
NIWA

OzEWEX and our four-week
project: Investigating the
sensitivity of the AWRA-L
model's evaporative processes
Lauren Carter*
Victoria University of Wellington

2:20pm 2:40pm

Development of vadose zone
functionality for regional scale
catchment modelling
Jon Williamson
Williamson Water Advisory

Lines in n-space: an approach
for multivariate hydrological
extremes
Earl Bardsley
University of Waikato

Rapid screening model - upper
Heathcote river storage
options – ldrp88
Greg Whyte
DHI Water & Environment

Non-stationary flood hazards
under climate change
Daniel Collins
NIWA

The national hydrological
project for New Zealand
Christian Zammit
NIWA

2:40pm 3:00pm

3:00pm 3:30pm

AFTERNOON TEA

Room Name

Karamu (Plenary)

Mohaka

Tukituki

Ngaruroro

Session

Environmental Flows
Chair: Thomas Wilding

Floods cont..
Chair: Jack McConchie

Nutrient management
Chair: Bethanna Jackson

General hydrology
Chair: Christian Zammit

3:30pm 3:50pm

Computational Hydraulic
Modelling for River Habitat
Design
David Painter
DPC Ltd

Assessment of vulnerability
and response capacity to
floods in Buenos Aires with
limited data
Yanina Ferligoj*
University of Canterbury

Groundwater
denitrification can
reduce nitrate discharges
from artificially drained
land
Greg Barkle
Aqualinc Research Ltd

Redox characteristics of
shallow groundwater in
the Tararua groundwater
management zone.
Pete McGowan*
Massey University

3:50pm –
4:10pm

Is hydrological
connectivity the
missing link for
incipient motion
formulae to maintain
ecological integrity?
Andrew Neverman*
Massey University

Zero to 400 m3/s in 5
months
Suzanne Gabites
Environment Canterbury

Filling a drain with
woodchip: denitrifying
bioreactor trial, South
Canterbury
Lee Burbery
Institute Of Environmental
Science & Research (ESR)

Groundwater level
changes from the
darfield earthquake: six
years on.
Helen Rutter
Aqualinc Research Ltd

4:10pm 4:30pm

An integrated approach
towards understanding
water flux and habitat
quality through the
Pool Burn
Henrietta Jackson*
University of Otago

Lessons from 25-years of
pmp/pmf studies in new
zealand
Jack McConchie
Opus

Spatial targeting of
mitigation strategies to
achieve freshwater targets
while minimising production
loss
Bethanna Jackson
Victoria University Of
Wellington

Soil-water budget
model to estimate
groundwater recharge
from rainfall
Husam Baalousha
Hamad Bin Khalifa
University

4:30pm –
4:50pm

Using vulnerability
assessments to design a
“big river” flow studies
in catchments involving
multiple hapu
Gail Tipa
Tipa And Associates Ltd

Flood frequency analysis:
combining a systematic
record with historical,
regional, model and
analogue information
Alistair McKerchar
NIWA

Denitrifying bioreactor
technology to reduce
nitrate discharges from
artificial drainage
Aldrin Rivas
Lincoln Agritech Ltd

Turbidity's
sensitivity to
organic matter
Christina Bright
University of Otago

5:00pm –
6:00pm

NZHS AGM | Napier Convention Centre

From 7:00pm Young Professionals Function | Venue: ‘Monica Loves’ Bar – 39 Tennyson St, Napier
Kindly sponsored by ENVCO

Thursday 30 November
8:30am

Opening & Housekeeping

Keynote Speaker 4 (joint): Daniel Feinstein & Mike Fienen | USGS, Texas
Chair: Catherine Moore
Karamu Room
Room Name Karamu (Plenary)
Mohaka
Tukituki
8:45am 9:30am

Session

Monitoring and Data Management
Chair: Raelene Mercer

Floods
Chair: Madgy Mohssen

Groundwater Resources
Chair: Hillary Lough

9:30am 9:50am

The role of the offset in open
channel rating equations
Stuart Hamilton
Aquatic Informatics

Investigation of a flood forecasting
tool for south Dunedin
Magdy Mohssen
Otago Regional Council

Using tracer data for aquifer
characterisation: exploring parameter
identifiability
Theo Sarris
Institute of Environmental Science and
Research (ESR)

9:50am 10:10am

Dealing with data deficiency: infilling sparse abstraction time series
Brioch Hemmings
GNS Science

Faster Flood Forecasts
Graeme Smart
NIWA

Using geophysical data to inform
groundwater exploration in a dataconstrained environment, grande
comore
Mauricio Taulis
Jacobs New Zealand Limited

10:10am 10:30am

National environmental monitoring
standards (NEMS): consistent data
– comparable results
Raelene Mercer
Horizons Regional Council

Satellite observation of wetland
dynamics and recent flood events
using Google cloud-computing
services
Conny Tschritter
GNS Science

Maximising the value of aquifer testing
Hilary Lough
Pattle Delamore Partners Ltd

10:30am 11:00am
Session

MORNING TEA
Monitoring and Data Management
cont ..
Chair: Michael Kittridge

Sediment Processes
Chair: Guglielmo Stecca

Groundwater Resources cont..
Chair: John Hadfield

11:00am 11:20am

What makes long-term monitoring
programmes effective in advancing
science and policy: the ngmp case
study
Magali Moreau
GNS Science

Organic matter, suspended
sediment and turbidity in Otago
tussock grasslands
Christina Bright*
Univeristy Of Otago

Analysing groundwater source heat
pump effects using the analytical
element method
Jens Rekker
Lincoln Agritech Limited

11:20am 11:40am

Open source python tools for
hydrologists
Michael Kittridge
Environment Canterbury

Sediment generation and
transport modelling of the Te
Awarua-o-Porirua harbour
catchments
Stuart Easton
Jacobs

Hauraki groundwater – lags, losses,
links and learnings
John Hadfield
Waikato Regional Council

11:40am –
12:00pm

Climate monitoring networks:
processes & procedures
MS Srinivasan
NIWA

Modelling vegetation controls on
braiding river planform
Guglielmo Stecca
University of Trento, Italy

Groundwater modelling
to support groundwater
management in the Bay of
Plenty
Mauricio Taulis
Jacobs New Zealand Limited

12:00pm 12:20pm

Setting national baselines for
groundwater quality trend using
multivariate statistics applied to
a machine-learning-augmented
dataset
Magali Moreau
GNS Science

Parameterisation of the revised
universal soil loss equation
(rusle) for New Zealand data and
conditions.
Rubianca Benavidez
Victoria University of Wellington

Earth Beneath Our Feet - a
collaborative approach to
groundwater modelling
Janine Barber
Bay Of Plenty Regional Council
Conny Tschritter
GNS Science
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* Student presentations

Room Name Karamu (Plenary)

Mohaka

Tukituki

12:20pm –
12:40pm

Predicting river bed substrate
cover proportions across
New Zealand
Doug Booker
NIWA

Metrics for Simplification in the
Decision- Making Context
Catherine Moore
GNS Science

12:40pm 1:40pm
Session

LUNCH
Contaminant Transport and
Transformation
Chair: Stephen Swabey

Irrigation
Chair: James King

Collaborative Water Management
Chair: Rebecca Morris

1:40pm 2:00pm

Enhanced mitigation of nitrate in
oxic, heterogeneous alluvial gravel
aquifers
Murray Close
ESR

Irrigation demand and drainage for
New Zealand in 2100 under climate
change scenarios.
Andrew Dark
Aqualinc Research Ltd

Monitoring of river/estuary/aquifer
system shows need for integrated
management
Rebecca Morris
Otago Regional Council

2:00pm 2:20pm

Quantifying actual denitrification in
groundwater systems
Heather Martindale
GNS Science

Amuri Irrigation Company Pipe
Project
Matthew Morgan
Amuri Irrigation Company

Linking coastal Otago land-use and
the health of mahinga kai using
hydrological and habitat analysis.
Jens Rekker
Lincoln Agritech Limited

2:20pm 2:40pm

Linking water flow and contaminant
transfer through meso-scale
catchments
Shailesh Kumar Singh
NIWA

A pragmatic approach to determine
viability of storage development
for irrigation schemes during
prefeasibility investigation
Channa Rajanayaka
NIWA

Smart models for aquifer
management for better decisions
-progress in year two
Catherine Moore
GNS Science

2:40pm 4:00pm

POSTER SESSION AND AFTERNOON TEA
Afternoon Tea Kindly Sponsored by SCADAfarm

Session

Contaminant Transport and
Transformation cont..
Chair: Murray Close

Irrigation cont..
Chair: Andrew Dark

4:00pm 4:20pm

Heretaunga Plains Unconfined
Aquifer. Pollution Potential from
Urbanisation- a Retrospective.
Hugh Thorpe

National irrigated area spatial
dataset.
Andrew Dark
Aqualinc Research Ltd
Charlotte Wood & James King
Ministry for the Environment

4:20pm –
4:40pm

Survival of an outbreak strain and
type strain of campylobacter in oxic
and anoxic groundwater
Judith Webber
ESR

A Nash-Sutcliffe index
for hybrid forecasting
models
Varvara Vetrova
University Of Canterbury

4:40pm –
4:50pm
6:30pm

Collaborative Water Management
cont..
Chair: Mark Trewartha
Using fuzzy cognitive maps to visualise
and utilise matauranga Maori and
science in freshwater management
Gail Tipa
Tipa And Associates Ltd

Conference Close
Karamu Room
Conference Dinner - Mission Estate, Kindly sponsored by DHI
Bus departs from Scenic Circle Hotel at 6:00pm and Quality Inn at 6:10pm
Theme: Art Deco / 1920’s

Friday 1 December
Brookvale and Te Mata Peak
Departs at 8:45am and Returns at approx 3.30pm

Roys Hill and Heretaunga Plains
Departs at 8:45am and Returns at approx 3.30pm
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Tapping into gender in hydrology: the experience of hydrology practitioners in new
zealand
Sarah Mager
University of Otago
In New Zealand women have a higher participation rate in tertiary education than men (women: 11%, men: 8.3%). The 2015 statistics
indicate that of those engaged in tertiary education, the most common qualification was a Bachelors degree (3.5%), but higher degrees
remain relatively scant, with only 0.4% of the population completing Masters qualification, and 0.1% a Doctorate. The participation rate
for tertiary education in New Zealand has remained relatively stable over the past decade, with ~ 25,000 students completing bachelors
every year, natural and life sciences produce ~ 2,500 students; yet engineering comprise of only ~700, and agriculture and environmental
degrees ~400. Over the past decade there has continued to be a trend of Universities attracting a higher portion of their enrolment by
women, and for women to have higher completion rates compared to men. Labour statistics continue to show large differences in the
employment sectors based on gender, with women comprising of a disproportionate amount of service-sector jobs. Over the past 20 years,
however, there has been improvements in the number of women engaged in STEM (science, technology, engineering and mathematics)
growing from 9% in 1993 to 21% in 2013. Fields like natural and physical sciences no longer show a disparity between gender, with a near
50/50 gender split with this qualification in New Zealand. There has been broad shifts noted in the occupational distribution of women,
with increased participation of women in managerial, professional and technical occupations. For technical disciplines, like hydrology, this
has also created a space for gender diversity in the workplace, and indeed within Society membership. Growth in the STEM fields provides
many job opportunities in New Zealand, yet despite higher rates of participation in tertiary education, higher qualification rates, only
~28% of the STEM job market is held by women. Globally, two factors are considered important, one that women continue to concentrate
in the biological sciences, rather than the physical sciences; and two, there is a ‘leaky pipe’ as women advance through the job market.
The contributory factors for the systematic decline of women employed at the highest echelons of the job market are complex and often
reductively characterised as a consequence of family-life balance. Yet in family-friendly proactive work environments (even like academia)
there remains a disproportionate amount of women absent at the highest levels; and research suggests that despite 40 years since the
second wave of feminism implicit biases remain in workplaces in terms of promotion and progression. Academic literature is relative scant
on the experience of women in the field of hydrology. Numerous studies argue that women’s engagement in the management of water
is essential for resolving global water issues; particularly in developing countries where their societal role is about ensuring continued
access to drinking water. Yet what about the more technical roles, as policy analysts, as field hydrologists, modellers, or field technicians?
What are the experiences of women engaged in New Zealand hydrology, and in light of continued growth in environmental jobs, the
continued unmet demand to fill hydrology jobs in New Zealand, how can development of women in hydrology contribute to the growth of
the discipline? Furthermore, what can tertiary providers do to prepare graduates to be ‘work-place’ ready for employment in hydrology,
regardless of gender? If so few higher level degrees (less than 0.5% of the population) are being completed in New Zealand, and even
fewer of that being in fields relevant to hydrology, how can New Zealand ever meet its current demand for water specialists?
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Metamodeling to support rapid decision-making
Michael Fienen, Daniel Feinstein
USGS, University of Wisconsin-Milwaukee
Aims: The aims of the work presented here are to use statistical learning and artificial intelligence techniques to build statistical models
that can emulate the physics and insights codified in numerical models of groundwater flow with respect to specific management
questions. The trained metamodels (aka emulators) are intended to be faithful representations of the underlying numerical models for
the problems addressed. The great advantage of metamodels is their negligible computational cost. As a result, certain forecasts can
be made much more rapidly via the metamodels than with the original numerical models. Furthermore, because metamodels distil the
underlying physics controlling model outcomes, they have the potential to be applied to areas where no numerical model appropriate
for forecasting is available. To achieve these aims, three major threads are required. First, the processes in the numerical model must
be evaluated and sampled to provide assurance that the correlations learned between model input and output are, in fact, causal
with adequate explanatory power relative to the management question. Second, care must be taken in the learning process to apply
validation processes that guard against overfitting. Third, measures must be taken to test the transferability of a metamodel beyond its
training area and to test that it is applicable using available databases.
Method: The contribution of surface water to shallow pumping wells via base flow capture and induced recharge is an important issue
for resource managers. To quantify surface-water contribution over a large training area in glacial terrain, a “semi-structured” approach
(uniform grid within layers, different grid spacing among layers) was adopted using the USGS Lake Michigan Basin (LMB) regional model
in the Great Lakes region of the USA. The original 20-layer model with uniform 5000-ft spacing was converted to four layers with 500ft spacing in the top glacial layer (where surface-water features are located) overlying coarser resolution layers representing deeper
deposits. The MODFLOW-USG version of the steady-state LMB model successfully reproduces regional flow conditions and the refined
grid spacing improves the simulated response of surface water and groundwater to nearby wells. Introduction of streamflow routing
increases model power to properly simulate groundwater/surface-water interactions and, in particular, the condition of vulnerable
headwater streams under the influence of pumping. The resulting model inputs and outputs were catalogued and fed to a metamodeling
framework. An important element of this framework is distinguishing the local area around the well where pumping effects are focused
from more distant areas where effects are diffuse. Three metamodeling techniques were applied to this problem: Bayesian Networks,
Artificial Neural Networks, and Gradient Boosted Regression Trees. Each technique has advantages and disadvantages, and in general the
three showed similar performance as evaluated both by cross validation and a hold-out evaluation. The cross validation is a necessary
tuning step to fit hyperparameters controlling the balance between description of the training data and forecasts on data not used for
training. The hold-out evaluation takes this further by evaluating performance on a larger, spatially contiguous subset of the data that
might be subject to regional bias. To evaluate transferability from the training area to a separate region, a second MODFLOW model
covering the Assabet Basin of Massachusetts, USA was sampled with respect to metamodel predictors and surface-water contribution
to wells. This contrasting model hosts a denser surface-water network and a generally more permeable glacial setting than the basins
included in the semi-structured LMB model. A series of MODFLOW inset models derived from the LMB regional model in combination
with the particle-tracking code MODPATH was used to statistically address a second management question related to groundwater age
(a proxy for the likelihood of finding contaminants such as nitrate and arsenic in shallow well discharge). The metamodel developed
to capture the physics controlling groundwater age is more complicated than the metamodel for surface-water contribution to wells
because it depends on predictors related not only to landscape parameters but also to well position and attributes.
Results: The semi-structured approach was successful in creating a modelled dataset that was similar to the unrefined model with
respect to regional flow patterns, but which allowed the necessary level of detail in capturing groundwater/surface-water interactions.
The metamodeling process demonstrated that the surface-water contribution within a local area to a shallow well at its center was
correlated strongly with only two predictors: the density of perennial surface water features and the minimum distance from a well to
these features. Other candidate predictors such as recharge and transmissivity only added noise to the statistical process.
Bayesian networks, by definition, propagate uncertainty and some software packages include useful visualization tools. However,
Bayesian Networks must be discretized in ways that could obscure continuous behaviour in the predictors or outcomes. The Artificial
Neural Networks and Gradient Boosted Regression Trees do not directly provide estimates of uncertainty. However, their results need
not be discretized and their forecasting performance for the surface-water contribution problem is slightly better than that for Bayesian
Networks. The three metamodeling techniques were all shown to perform acceptably with R squared (R^2) values for forecasts typically
greater than 0.8. The cross validation tuning efforts helped avoid overfitting. Transfer of the metamodel from the Lake Michigan Basin
to the Assabet Basin was also successful, but depended on scaling the size of the local area as a function of surface-water density.
Demonstrating the transferability of the metamodel beyond its training area is one condition for a successful decision-support system. A
second condition is tied to the availability of datasets needed to quantify the metamodel predictors. A potential obstacle to applying the
surface-water contribution metamodel outside the training area is the difficulty of reconciling what the steady-state MODFLOW model
simulates as a perennial surface-water feature and what is mapped as perennial in available hydrologic databases. The age metamodel
provides insight into the interaction of a large number of predictors in terms of their relative explanatory power for different tuning
parameters. It holds promise for decision-support application beyond the training area using a subset of predictors that are readily
extracted from regional databases. . The explanatory power of these predictors as measured by R^2 values is in the neighbourhood of
0.5 to 0.7.
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The Our Land and Water National Science Challenge: can co-innovation deliver
impact?
Ken Taylor
Our land and water National Science Challenge c/- AgResearch Ltd
The eleven national science challenges were established to provide the science required to address “complex long-term, national issues
for New Zealand”. Beyond this, however, the challenges are required to participate in the transformational change processes required
if those fundamental issues are to be resolved. In the New Zealand research funding landscape, the challenges are planted in that
location that demands both science quality and “impact for NZ Inc”. This imperative is reflected in the wording of the mission given to
each challenge. Our Land and Water’s (OLW) mission is to enhance primary sector production and productivity while maintaining and
improving our land and water quality for future generations.
The drive for impact on a transformational scale has forced OLW to reflect on, and respond to, some key concepts and preconditions in the
design and delivery of its research portfolio. First, we have had to develop our own understanding of the dimensions of transformation.
We know from the social sciences that examples of truly transformative change are rare, and require major shifts in multiple parts of
the system, accompanied by fundamentally different approaches to the way the knowledge needed to drive the shifts is generated and
shared.
Second, we have had to develop a research narrative and thematic structure that addresses the step-change mandate. Because the
challenge operates at the nexus of agriculture and the environment, we have had to develop a theory of behaviour change in a land use
context that gives our research portfolio coherence and focus. This has helped us better understand the economic, social and cultural
aspects of change, which are integral to understanding the mechanisms by which behaviours and land uses can adapt in ways and to
extents that provide for the values that our communities, national and local, hold.
Third, we have had to give as much consideration to the “how” of the challenge as the “what”. Research impact is dependent on
relevance, accessibility, applicability and speed of uptake. That means that not only have we needed to focus on aspects of behaviour
change such as the interdependence of incentives, options, and enablers, but we have also recognised the importance of co-innovation,
or co-design in problem definition, research design and implementation. This means that all those with a stake in the research must be
given an opportunity to participate in the challenge in ways that are meaningful for them.
The Challenge concept and design represent both an opportunity and a “challenge” for researchers in the way they work with stakeholders
across government agencies, industry, communities and NGOs, and with Māori partners, to provide knowledge that underpins policy
and behavioural changes in support of achieving the mission. Embedding cross-disciplinary and co-innovation perspectives into research
practice is hard work. It’s timely to reflect on progress to date, and opportunities to do better, as we move to a refresh of the OLW
Challenge science strategy over the next few months in preparation for our second tranche of funding, post June 2019.
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Hydrological effects of the 2016 Mw 7.8 Kaikoura earthquake, New Zealand
Weaver, K. C.,1 Cox, S. C.,2 Holden, C.,3 Rutter, H. K.,4 Townend, J.,1
1
SGEES, Victoria University of Wellington, Wellington
2
GNS Science, Dunedin
3
GNS Science, Lower Hutt
3
Aqualinc Research Ltd, Christchurch
The Mw 7.8 Kaikoura earthquake on the 13th November 2016 23:02 (NZST), was the second largest earthquake in New Zealand since
European settlement. The rupture propagated northwards (>170 km) along multiple fault lines, rupturing for ~2 minutes, with vertical
fault displacement of up to 12 m. Earthquake induced hydrological responses occurred across all of New Zealand including: liquefaction;
groundwater level, temperature and turbidity change; and spring, river and lake level perturbations. Responses were either transient
(hours), persistent (days), medium-term (months), or could be long-term (years to decades).
Many people and organisations have contributed observations, data and information. Here we report on the national collation of these
data, and present observations from: 438 bores; 365 seismic stations; 131 river gauges; 64 climate stations; 10 weir gauges; 4 springs; and
1 lake (Fig. 1). Instruments recorded water level, temperature and turbidity in a range of rock types/geology. Responses were recorded
at distances from 4 to 850 km from the earthquake epicentre. Groundwater levels increased in 150 bores, decreased in 92, and 196
bores showed no overall water-level change. Hydrological monitoring sites experienced ~10-2 to 105 Jm-3 seismic energy density, and the
groundwater responses are consistent with observations from international examples (Fig. 2).
This is the most extensive “hydroseismicity” data-set ever compiled in New Zealand, and one of the largest internationally. Data will be
used to characterise relationships between subsurface damage, long-term aquifer changes, and ground motion characteristics (Modified
Mercalli shaking intensities for example), to help New Zealand understand hydrogeological responses to large earthquakes and develop
resilience to future events.

Figure 1 – Spatial distribution of the “hydroseismicity”
data-set: (A) GeoNet seismic network, (B) hydrological
monitoring.

Figure 2 – Magnitude of earthquake against distance from epicentre,
where a groundwater level response is observed. We collate New Zealand
and global case studies. New Zealand studies include: 2010 Darfield Mw
7.1; 2011 Christchurch Mw 6.2, 5.3, 6.0; and Cromwell gorge. International
studies include: 1999 Chi-Chi Mw 7.3 and 2006 Hengchun Mw 7.0;
2008 Wenchuan Mw 7.9; 2011 Tohoku Mw 9.0; 2013 Lushan Mw 6.6. A
worldwide compilation of groundwater responses, and responses from
the extremely sensitive Devils Hole, are included. Seismic energy density
contours, in Jm-3 are included for reference (Weaver in prep, 2018). ChCh
= Christchurch.
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EVALUATING A HIGH-RESOLUTION HYDROLOGICAL ENSEMBLE FORECASTING
SYSTEM
M. Abaza,1 C. Cattoën,1
1
NIWA, Christchurch
Aims
In the last decades, probabilistic forecasts have attracted much interest in meteorology and
hydrology to improve hydrological forecasting and its associated uncertainty at longer lead times.
Ensemble meteorological forecasting is a technique in which multiple weather model instances
are forecast for the same location and time with slightly different initial conditions to account for
uncertainties in the initial state of the atmosphere. NIWA’s operational hydrological forecasting
system is driven by a high-resolution (1.5km) deterministic meteorological model called New
Zealand Convective Scale Model (NZCSM). This study aims to assess the performance of a
hydrological ensemble forecast produced with a precipitation multiplier method based on spatially
and temporally correlated perturbations of the NZCSM precipitation input.

Method
Evaluating forecast quality is a complex problem in hydrology and its application is not yet
prevalent in a New Zealand context. For a probabilistic forecast, the main challenge resides in the
comparison of two mathematical objects with different nature: a function (the predictive probability
distribution) and a real number (the observation).
The TopNet distributed hydrological model (Clark et al., 2008) developed at NIWA was used in
this study as part of a short-term ensemble hydrological forecasts. This model is based on
TOPMODEL processes (Beven et al., 1995) to model the physical processes over different subcatchments, including a streamflow routing component from each sub-catchment to the basin
outlet (Mendoza et al., 2012). One year of NZCSM archival forecast data using four forecasts per
day were assessed in this study to evaluate the quality of ensemble precipitation and flow
forecasts. The 5 km Virtual Climate Station Network (VCSN) meteorological observed data
gridded product representing “real observation” was used to evaluate forecast precipitation. A
Recursive Ensemble Kalman Filter (REnKF) data assimilation technique and Quantile Mapping
(QM) bias correction method were assessed to respectively improve the initial conditions and
reduce the bias of raw NZCSM precipitation data. Specific ensemble forecast verification and
interpretation scores (Wilks, 1995) such as the CRPS, delta ratio, PIT, ROC scores and rank
histograms were used to assess the performance, reliability and skill of a 50-member ensemble
of meteorological and hydrological forecasts in three New Zealand gauged locations (Buller at Te
Kuha, Buller at Longford, and Grey at Dobson). To compare the impact of coupling the
hydrological model with a bias corrected weather forecast and flow data assimilation, we
analyzed the ensemble precipitation and flow verification scores for three configuration scenarios:
(1) raw precipitation forecasts without flow data assimilation (2) bias corrected forecasts without
flow data assimilation, (3) bias corrected forecasts with flow data assimilation.

Results
The comparison of performance and reliability between the three scenarios implemented in this
study shows that although using the QM bias correction can improve the performance for flood
events (Cattoën et al., 2016), it does not improve the performance of the NZCSM precipitation
forecast over “quiet time” (Figure 1). Poor performance of the QM method associated with the
precipitation multiplier ensemble method can be attributed to the combination of two factors.
Firstly, QM uses a cutoff threshold in the bias correction to remove “drizzle rain”. Secondly the
precipitation multiplier ensemble method is not able to handle the “zero precipitation problem”,
e.g. when rain is observed but not forecast or otherwise (Lien et al. 2016). This results in small
precipitation values to be removed from the precipitation ensemble, narrowing its spread, and
affecting the quality of the ensemble forecast. The performance of the bias correction is mixed
and likely linked to the varying quality of the VCSN in different parts of New Zealand. The
reliability of the NZCSM ensemble is improved with the bias correction, however the uncertainties
are still under-estimated (Figure 2).
Focusing on the hydrological forecasts, the use of the bias correction alone does not improve the
performance and reliability of the hydrological ensemble forecasts for all three gauged locations.
However, flow data assimilation clearly improves the ensemble flow forecast performance and
reliability at all lead times but with a tendency to
30slightly under-predict the flow (Figures 3 and 4,
only Buller at Te Kuha shown).

For the case study catchments, the precipitation multiplier method used to create a 50-member
ensemble is not adequate to provide reliable hydrological ensemble forecasts and underestimates the total uncertainty. A different bias correcting ensemble generation method will be
required to produce more reliable hydrological ensemble forecasts to achieve a better model
performance. Improvements in hydrological post-processing and data assimilation methods will
also be beneficial to the overall performance of the flow forecasting system.

Figure 1: MCRPS of the raw and bias corrected
NZCSM precipitation forecasts for the Buller at Te
Kuha catchment versus forecast horizon. MCPRS
equals to 0 represent ideal values.

Figure 2: 6-hour rank histogram of the raw and bias
corrected NZCSM precipitation forecasts for the Buller at
Te Kuha catchment. Ideal histograms have a uniform
distribution below the dashed line.

Figure 4: 6-hour rank histogram of all three hydrological
scenarios for the Buller at Te Kuha catchment. Ideal
histograms have a uniform distribution below the dashed
line.

Figure 3: MCRPS of all three hydrological scenarios for
the Buller at Te Kuha catchment versus forecast horizon.
MCPRS equals to 0 represent ideal values.
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Aims
Groundwater recharge from rainfall is an important component of water budget, especially in arid
areas where no surface water exists. It is essential to estimate the amount of recharge for water
resources management, modelling and planning.
Numerous methods of recharge estimation can be found in the literature and each method has its
advantages and drawbacks, depending on the area of study and data availability. In this study,
the soil-water budget model was selected and implemented in Geographical Information System
(GIS) to consider spatial variability. The model uses flow accumulation derived from land
topography Digital Elevation Model (DEM), considering a weight derived from precipitation and
surface runoff. The resulted flow accumulation model was then used in the Thornthwaite water
balance model (Thornwaite 1948, McCabe and Markstrom 2007).

Method
The model was applied on Qatar as a case study. Maps of soil properties, land use, topography
and precipitation were prepared in GIS. The runoff curve method was used to estimate surface
runoff based on land-use, soil properties and precipitation. The flow direction was derived from
the Digital Elevation Model (DEM) using Spatial Analyst tool in GIS, and was later used to obtain
flow accumulation, as shown in Figure 1. The latter map was created using the surface runoff
map as a weight, producing a more realistic flow accumulation. Potential Evapotranspiration data
was digitised in GIS based on literature and meteorological records. All maps were prepared for
monthly interval before the soil water balance model was applied.

Results
Results show the natural rainfall recharge in Qatar occurs in land depressions, especially in the
northern part of the country. In rainfall events, surface runoff accumulates in these land
depressions and eventually recharges the aquifer. Based on the results of this study, the annual
groundwater recharge from rainfall is around 50 million m3.
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Figure 1: Soil-Water budget model method
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MIXING OF FLOW BETWEEN AN OPEN FRAMEWORK GRAVEL CHANNEL AND
PERMEABLE REACTIVE BARRIER
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Roger Nokes2
1
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2
University of Canterbury
Due to increased levels of nitrate widely observed in groundwater and the limited ability of New
Zealand’s alluvial gravel aquifers to naturally attenuate nitrate, research is needed to develop a
method to successfully induce and enhance denitrification of groundwater under high flow
conditions. The technology currently being investigated is a denitrifying permeable reactive
barrier (PRB). Denitrifying PRB’s are nitrate remediation technologies that enhance the removal
of nitrate in shallow groundwater systems. Solid organic matter is emplaced in trenches through
an aquifer so that nitrate-contaminated groundwater is passively intercepted. The organic matter
stimulates microbial activity, thus removing nitrate from the groundwater as inert di-nitrogen gas.
In this current study, the porous organic substrate used is a high permeability mixture of
woodchip and gravel aggregate (provides structural support to the PRB). While denitrifying PRB’s
are successful in low-flow sandy aquifers, this technique has not been tested in gravel aquifers;
making this study a world first in the field of groundwater remediation using PRB technology.

Aims
The overall aim of this study is investigate a PRB for the sustainable reduction of nitrate in fastflowing alluvial aquifers, in which natural nitrate attenuation is insignificant, by inducing conditions
conducive to denitrification. The specific aim of this laboratory study is to examine the mixing of
groundwater and contaminants between an open framework gravel and a permeable reactive
barrier.

Method
Prior to design and installation of a field pilot scale PRB, lab-based experiments need to be
undertaken to simulate and visualise flow through the PRB. These experiments are being carried
out at the Fluid Mechanics Laboratory at the University of Canterbury, New Zealand. The tank
used in all of the experiments is 2.4m long, 0.15 m deep and 1.2 m wide and is constructed of 18
mm thick transparent perspex to facilitate flow visualisation (Figure 1). The middle section of the
tank represents the PRB where the porous mixtures will be placed, and is 1.2 wide and 0.8 m
long. The end sections represent the open framework gravel channel. To allow access for
packing of the middle section with the mixtures and air bubble removal, the tank is covered with a
removable transparent perspex lid. Before each experiment the inlet reservoir is filled with water
and left overnight so the water adjusts to room temperature and is de-aerated. De-aeration is
necessary to reduce the occurrence of air bubbles on the surface of the inside of the tank and,
therefore, reduce their interference with flow visualisation.
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Figure 1 Photo and schematic of tank used to simulate groundwater flow through the denitrification PRB

The technique used to visualise flow is optical flow measurement using light attenuation (LA). In
this technique, a dye (red organic food dye Carmoisine powder used in this study) is introduced to
the flow in the tank and, based on the intensity of light transmitted, dye concentration can be
determined. The concentration fields within the tank provide details of mixing occurring with the
flow. Lighting for the PRB lab experiments is generated by a linear array of white light-emitting
diodes (LEDs) placed below the inlet, outlet and middle section of the tank. Images are captured
with a JAI GO-5101C-PGE monochrome camera with 2454 x 2056 pixels resolution, and a 50
mm fixed focal-length high transmission lens. The camera is oriented vertically approximately 2.5
m above the tank. The camera is connect to a PC with an Ethernet cable, and bitmap images are
saved directly onto the computer’s hard-drive. Processing and analysis of the digital images
captured during the experiments is undertaken using the computer software image Streams
version 2.06 (Nokes, 2017).
The optimum woodchip:gravel mixture used in the experiments is a 50%:50% v/v mixture
(Burbery et al 2014), due to its ability to promote denitrification at an effective rate, and its similar
hydraulic conductivity (13,800 m/d) to that of New Zealand’s alluvial gravel aquifers (16,000 m/d,
Dann et al (2008)). To visualise flow through the woodchip:gravel mixtures, the second half of the
middle section of the tank is filled with a refractive-index matched transparent porous medium,
super-absorbent polymer (SAP) spheres. These are composed of a sodium polyacrylateacrylamide cross-linked co-polymer, which when in its hydrated form has a refractive index very
close to that of water (Figure 2). Average porosity of the woodchip:gravel mixture and that of the
SAP spheres is 33.6+0.5 (%) and 23.3 % (Dark, 2017), respectively. A series of experiments with
different mixtures in the middle section of the tank are being carried out: (1) 100% spheres
control, (2) spheres:gravel 50%:50% v/v, (3) spheres: woodchip 50%:50% v/v, (4)
woodchip:gravel 50%:50% v/v, (5) 100% spheres with distribution baffle to promote mixing, and
(6) woodchip:gravel 50%:50% v/v with distribution baffle.

Figure 2 SAP spheres (hydrated) and tank filled with spheres and water

The results and knowledge gained from these lab experiments will be used for the optimum
design of a field pilot scale PRB in Canterbury in regards to composition of fill mixture, width and
depth of PRB, and design and positioning of distribution baffles for flow enhancement. Key
research issues for the field scale trial will be how the heterogeneity of the aquifer structure and
flows interact with the PRB and how up-scaling this process will influence the interaction between
the movement of chemical reactants, reaction kinetics and the response and functioning of the
groundwater microbial community.
References
Burbery, L.F., Abraham, P. & Afrit, B. (2014) Determining the hydraulic properties of wood/gravel mixtures
for use in denitrifying walls. Journal of Hydrology, 53 (1), 1-21.
Dann, R.L., Close, M.E., Pang, L., Flintoft, M.J. & Hector, R.P. (2008) Complementary use of tracer and
pumping tests to characterize a heterogeneous channelized aquifer system in New Zealand. Hydrogeology
Journal, 16 (6), 1177-1191.
Dark, A. (2017) Numerical modelling of groundwater – Surface water interactions with the Double-Average
Navier-Stokes equations. PhD thesis, University of Canterbury, Christchurch, New Zealand.
Nokes, R. (2017) Streams version 2.06. University of Canterbury, Department of Civil Engineering,
Christchurch,
New
Zealand,
Image
processing
software.

35

EARTH BENEATH OUR FEET - A COLLABORATIVE APPROACH TO
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Aims
Over many years the Bay of Plenty Regional Council has collected various datasets to
understand and manage groundwater systems. These include the collation of bore spatial
information, drill logs, water allocation, rainfall, water level and chemistry. To map the
groundwater systems, the Regional Council has worked with GNS Science to develop 3D
geological models using Leapfrog Geothermal 3D modelling software. The resulting conceptual
geological model (Tschritter et al., 2016) is being used as a basis for groundwater flow models
and target information for drilling programs.
The 3D model layers have been made available in a web portal, ‘Earth Beneath Our Feet’ (EBOF,
http://data.gns.cri.nz/ebof/), providing public access to information about geology and potentially
the groundwater systems (White et al., 2011). The model has also been used as the framework
for setting hydrogeological units for the management of allocation within groundwater systems,
and groundwater-surface water interaction in the recently completed groundwater flow model for
the Kaituna-Maketū-Pongakawa Water Management Area (Kaituna WMA). The aim is to
progressively update and amend the web portal with hydrogeological information to provide the
public with comprehensive information about where to access groundwater. This will keep the
models informed and relevant.

Method
A work program was developed to improve the groundwater field monitoring network with an aim
to provide better information to the public that could be accessible via a web portal. The Earth
Beneath Our Feet portal is informed from methodology establish for the Leapfrog model:
• Source and utilise all geological and geophysical information (e.g., published geological
maps, cross-sections, journal articles, bore logs, etc.) available for the model area
• Determine a standard (best fit) for lithology terms as relating to driller descriptor
• Assess bore logs against known geological mapped units
• Undertake drilling program to install strategic bore fields for monitoring of key aquifers
and fill information gaps
• Analyse drill cuttings and cores to determine the geological units intercepted to calibrate
the model
• Maintain and update Leapfrog model with new data, and subsequent updates to web
portal
• Progress with providing further information to the web portal e.g. hydrogeological units for
groundwater management, groundwater flow patterns, water quality, etc.

Results
The geology of the region was interpreted using all available geological and geophysical data.
The quality and quantity of the data was assessed and a drilling programme was started to help
fill the important gaps. The model building and drilling programme has led to an iterative process,
each one informing the other. The conceptual geological model has been used successfully in the
groundwater flow model for the Kaituna WMA.
An interactive website Earth Beneath Our Feet (Figure 1), was created by GNS Science and
allows the public to view the geological or lithological profile of a chosen location, or crosssections between two points on a map (Figure 2), where groundwater systems are known to be
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present. The user can see for themselves the geology of any area within the model, and the
probability of finding gravels, sands or silts/clays, i.e., lithologies that influence groundwater flow.
The update of the geological models is an ongoing process, as more field data becomes
available; however, now that the geological models are robust, the Council has begun the
development of groundwater flow models for areas of allocation concern. The first of those areas
is the Kaituna WMA.
The GNS Science geological model acted as the foundation for the groundwater flow model
prepared by Jacobs NZ Ltd using, the 3D finite-difference flow model, MODFLOW.
Hydrogeological units were conceptualised based on geological properties and local aquifer
testing results. The model was calibrated using groundwater levels and baseflow calculated from
stream discharge rates – the baseflow was an important component of the model as it
constrained the throughflow volume to the WMA.
The groundwater model results have provided the
Council with the ability to identifying areas of field
testing importance and to run predictive
management scenarios. The results have also
given the Council an extra tool to advance the
collaborative effort with the stakeholders, providing
a graphic representation of hydrogeological units
and flow paths, that can be added to Earth Beneath
Our Feet.
Through the work undertaken by the Council and
GNS Science to engineer the development of the
interactive website, stakeholders can understand
better the technical process to go from field data to
models that represent the real world. It will bring
Figure 1: Conceptual 3D geological mapping
about understanding of the challenges involved and
completed for Bay of Plenty Regional Council.
how the Council uses the information. Ultimately, it
will open the lines of communication and allow all groups to collaborate more fully in the
management and protection of the region’s natural resources.

Figure 2: Cross-section of groundwater systems
White, P.A.; Tschritter, C.; Haubrock, S.; Zemansky, G. 2011 Web-based access to 3D geologic model
data. GNS Science internal report 2011/04. 33 p.
Tschritter, C.; Rawlinson, Z.J.; White, P.A.; Schaller, K. 2016 Update of the 3D geological models for the
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LINES IN N-SPACE: AN APPROACH FOR MULTIVARIATE HYDROLOGICAL
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It is increasingly recognized that hydrological extreme events reflect multiple variables all
exceeding respective thresholds together, which has implications for calculation of return periods.
Multivariate analysis, using copulas for example, can be complicated. An alternative approach is
proposed using sparse multivariate distributions, defined here as a set of lines in N-space, with a
univariate distribution defined along each line. Generating a random vector from such
distributions is achieved by (i) selecting a line at random (ii) generating a random variable from
the univariate distribution concerned, (iii) listing the N coordinates of that point in N-space. This
form of multivariate distribution in fact incorporates almost none of the potential N-space, unlike
the usual continuous multivariate distributions. However, there is the attraction of simplicity and
sparse distributions might be considered as an alternative to copulas for multivariate hydrological
applications. For example, joint exceedance probabilities are easily obtained by integrating the
univariate distributions within the region concerned, with accuracy depending on the number of
lines involved.
.
We consider the special case of data-defined sparse multivariate distributions as follows: If there
are M points in N-space then there are K = C(M, 2) possible data pairs, which define a set of K
lines in N-space. For example, M = 100 defines 4950 lines in N-space for any N. If the different K
univariate distributions along the K lines all have the same mean and variance as their respective
data pairs then the Pearson correlation coefficient is preserved in all bivariate planes. With
similarities to kernel density estimation, we propose that along each line there is a finite mixture of
two unimodal distributions with common variance, and a specified degree of smoothing from a
smoothing parameter 0 ≤ γ ≤ 1.
A sense of the method is evident in Figure 1, where (a)-(c) shows the smoothing effect of different

γ values for two-component normal distributions and (d) shows a data-defined sparse multivariate
distribution arising from a bivariate data set.

Figure 1. (a)-(c) : varying smoothing with 2-component normal distributions from two points on a line (x1 = 0,
x2 = 1). (d) : sparse bivariate distribution for a small bivariate data set (lines not shown extending beyond
data pairs).
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GROUNDWATER DENITRIFICATION CAN REDUCE NITRATE DISCHARGES FROM
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Introduction
The implementation of the National Policy Statement for Freshwater Management (NPS-FM) has
resulted in land managers increasingly being faced with nutrient discharge limits, i.e. “farming
within limits”. Research in recent years has resulted in the identification of agricultural ‘Best
Management Practices’ that minimise nutrient losses from the soil zone. However, some nutrient
losses are still inevitable. This is particularly true for agricultural use of poorly drained land, which
accounts for approx. 40% of our dairying land. Artificial drainage is installed in these landscapes
to enable viable agricultural land use, but this action can also provide a potential short-circuit for
nutrients from the land to streams and rivers. The component of our MBIE-funded Transfer
Pathways Programme reported here aims at understanding and quantifying the transfer of
nitrogen (N) and phosphorus (P) from artificially drained lands via the installed drainage and the
underlying groundwater into surface waterways on the Hauraki Plains.
In this presentation, we will report on the discharge of N and P via subsurface drainage during the
2016 drainage season and present conceptual hydrological models that describe the relevant
transfer pathways at the two sites. Investigating the saturated zone sediments and establishing
vertical groundwater chemistry profiles enabled us to assess whether there were additional N
exports through the groundwater system underlying the artificial drainage network. Long-term
average annual N and P losses estimated using Overseer® are compared to the empirical data.

Methods
Subsurface drainage flows and concentrations of various N and P species were monitored over
the drainage season in 2016 at two typical dairy farms on the Hauraki Plains. The Tatuanui site
is located close to Morrinsville and the Waharoa site is close to Matamata (Fig. 1).

Figure 1: Location of the monitored drainage sites at Tatuanui and Waharoa on the Hauraki Plains

Investigation of the soil profile and underlying deposits up to 12m depth provided an initial
understanding of the subsurface hydrological and biogeochemical conditions. Vertical
groundwater chemistry profiling in early winter of 2017 provided additional insights into the
hydrochemistry at the two sites. Using this knowledge and measured drainage fluxes, conceptual
models of the contaminant flow paths at the two sites were developed.
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Results
The soil profile at Waharoa becomes water-saturated from the “top down” due to low permeability
zones within the soil zone (top 1m), and drainage discharge began eight weeks earlier (mid-May
2016) than at the Tatuanui site (mid-July). A shallow groundwater table seasonally rising into a
fairly permeable soil zone is thought to cause wetting from the “bottom up” at Tatuanui. Once the
water table had risen to the depth of the installed drain pipes, the drainage water exported was
considered to be dominated by the water percolating through the soil zone, in response to
recharge.
The Total-N exported in the drainage discharge was 9.2 kg N/ha/yr at the Tatuanui site. Due to
the apparently low hydraulic conductivity and strongly reduced shallow groundwater conditions
identified in the peaty deposits underlying the mineral soil this low amount of exported N in the
artificial drainage is expected to represent the vast majority of the total N exported from this site.
The Total-N exported in the drainage discharge was slightly higher at the Waharoa site at 10.1 kg
N/ha/yr. Vertical groundwater recharge into the loose, single-grain sands underlying the soil zone
is considered to be higher than at the Tatuanui site. However, due to the reduced redox
conditions observed during the groundwater profiling, this does not appear to result in nitrate
transfers through the groundwater system (Fig. 2). Accordingly, lateral drainage discharge would
also appear to be the dominant mechanism for nitrate discharge from the Waharoa site. While the
peaty deposits represent an obvious electron donor present at the Tatuanui site, it is not yet clear
what fuels the denitrification activity at the Waharoa site.

Conclusions
The physical information
of the saturated zone
indicates
the
flow
processes
are
quite
different at the two sites.
However, the net effect
on actual N delivery to
surface waters maybe
quite similar, due to
groundwater attenuation
at both sites.
At the
Tatuanui
site,
the
electron donors for the
attenuation was clearly
evident from the peaty
materials present, but at
Fig 2. Nitrate-N concentrations in shallow groundwater at two wells at the
the
Waharoa
site,
Tatuanui site and one well at the Waharoa site.
groundwater chemistry
analysis was required to
confirm that significant attenuation activity. It is recognized that further work is required to identify
the electron donor and full impact of N attenuation on N exports from the Waharoa site.
These results demonstrate the need not only to understand root zone losses, but also the
relevant contaminant export flow paths and the attenuation processes occurring along them, in
order to successfully implement policies of “managing within limits” and achieve their desired
effects on the environment.
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PREDICTING RIVER BED SUBSTRATE COVER PROPORTIONS ACROSS NEW
ZEALAND
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1
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Aims
Nationwide predictions of river bed substrate cover are required for various purposes including
delineating management zones, linking with ecological status and assessing river rehabilitation
options. The aim of this study was to predict substrate characteristics of alluvial river channels
across New Zealand from nationally available site and catchment characteristics.

Method
Three models with different levels of complexity, data needs and user inputs were used for
predicting the proportion of river bed covered by seven different substrate categories: a
generalised linear model (GLM) using an ordinary linear regression, random forest (RF) using
machine learning to fit a flexible regression, and summed normal distribution (SND) representing
a complex model using distribution of predictors for selection procedure together with genetic
algorithm procedure to optimise the results. Various predictors representing catchment climate,
geomorphology, land cover and geology were derived from existing environmental databases to
generate predictive models. The models were developed using substrate data from 229 river sites
distributed across New Zealand. The data was collated from habitat suitability studies and
quantified substrate cover percentage for each reach in eight different classes.

Results
Model performance for 10-fold cross-validated predictions showed that the SND model performed
best in predicting the proportions of riverbed covered by bedrock, boulder, cobble and fine gravel
categories. Random forest models performed best in predicting coarse gravel, sand and mud plus
vegetation proportions (Figure 1). The best performing models for each substrate category were
used to predict areal proportion by substrate class for all reaches of the New Zealand river
network with Strahler stream order of one to eight.
Spatial patterns of the percentage of sand and finer sediments (Figure 2a) and their median
diameter (Figure 2b) were mapped across New Zealand for rivers of Strahler order greater than
four. There were coherent spatial patterns in the fine sediment content. Greater proportions of
finer sediment were predicted for smaller lowland rivers on the east Coast of the South Island,
whereas smaller proportions of finer sediment (and therefore greater proportions of coarser
sediment) were predicted for more mountainous rivers across the Southern Alps (which run along
the spine of the South Island) and larger mountain-fed rivers as they cross lowland areas. In the
North Island, greater proportions of finer sediment were predicted for lowland areas, particularly
towards the east and north coast.
Analysis of spatial patterns of predicted substrate composition indicate a general increase of the
fine fractions and decrease of coarse fractions as stream order increases. This is consistent with
downstream fining.

Conclusion
The national predictions of substrate cover proportions will be useful for a wide range of national
scale applications such as assessing the representativeness of monitoring sites, species
distribution monitoring, and assessing habitat quality.

41

Figure 1. Efficiency criteria values obtained for normal distribution (SND), random forest (RF) and
generalised linear (GLM) model results. MAD is mean absolute deviation, NSE is Nash-Sutcliffe model
efficiency, pbias is percent bias and RMSD is Root Mean Square Deviation.

Figure 2. Maps of percent areal cover of sand or finer (left), and D50 (right) for the entire New Zealand
network with Strahler order 4 and above.
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HOW CONFIDENT ARE WE WHEN PREDICTING MALF AND FRE3 AT NEW SITES?
Doug Booker,1 Amy Whitehead,2
12
NIWA, Christchurch
Background
The mean of annual low flows (MALF) represents the severity of low flow conditions. It is often
used to propose or assess minimum flow rules that control abstraction of water from rivers. The
number of events exceeding three times the median flow as calculated from the mean daily flow
time-series (FRE3) is a measure of flow variability. It represents the frequency of mid-range flows
and is often used to assess flushing conditions for periphyton. These hydrological indices can be
calculated from observed river flow time-series at gauged sites, but are unknown at all other
locations. However, estimates are often required at ungauged sites. For this reason, regression
models have previously been applied to predict patterns in MALF (Booker and Woods, 2014) and
FRE3 (Booker, 2013) across all reaches of the New Zealand national river network. Random
forests are a flexible regression technique that incorporates non-linear and interacting
relationships that have previously been used to relate observed hydrological patterns to known
site and catchment characteristics across the country. In each case, cross-validation was applied
to determine model performance at ungauged sites by estimating values independently of data
used to train the model. However, random forests will always predict a (very complicated)
weighted average of the observed values. This is because predicted values are the mean of the
observed values multiplied by a set of predictor weightings. Random forests will, therefore, never
predict outside the range of the observed values. This means that random forests are not able to
calculate predicted values outside the range of the observed values, and therefore may not be
able to extrapolate beyond the bounds of the observed data.

Aims
Here we demonstrate and test a procedure for assessing the transferability of a fitted random
forest model when predicting at new sets of conditions such as found at unvisited sites, under
climate change or under landcover change. The utility of the procedure is demonstrated by
testing the hypothesis that poorer predictive performance will be associated with greater
distances between sets of new predictor values and their predictor-weighted observed values.

Method
MALF and FRE3 were calculated from river flow time-series observed at many gauging stations
located across New Zealand. The location of each gauging station on the national river network
was used to obtain various site and catchment characteristics such as: catchment area, elevation
and slope derived from digital elevations models; catchment geology derived from geological
maps; and runoff, rainfall and potential evapotranspiration from climate station data. A selection
of these variables was used as predictors to fit random forest regression models.
Each data set (MALF and FRE3) was split three times, with each split creating a classification
consisting of two groups. The first classification was defined by the island of New Zealand, and
comprised two groups labelled North and South. The North group contained 60% of observations.
The second classification split the datasets according to estimated runoff into two groups labelled
Dry and Wet. The third classification randomly split all observations into two groups labelled
GroupA and GroupB. The North group, the Dry group and GroupA all contained the same number
of observations.
For each combination of group, classification and data set, a random forest model was fitted to
data from that group and then used to make predictions for the other group. For example, a
model was fitted using North Island data and then used to predict at South Island locations.
Internal cross-validated predictive performance was calculated by comparing out-of-bag (OOB)
predictions for the fitted dataset with observed values. Blind predictive performance was
calculated by comparing predictions for the new data with their observed values.
The Random Forests Interpolation-Extrapolation (RFIE) procedure was devised to compare
distances between a new set of predictors and their predictor weighted counterparts from the
observed data set. These are the predictors from the fitted dataset adjusted by the weights given
to each of the corresponding observed data points used to calculate the new prediction. These
weighted distances are calculated after having transformed all predictors from their respective
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scales to a single scale related to a combination of the explanatory power of each predictor in the
fitted model and the rate of change of the response with change in the predictor. The RFIE
procedure was used to quantify the degree to which each set of newly predicted values falls
inside or outside the range of the fitted data, and what degree of extrapolation is acceptable.

Results
Internal cross-validated performance was similar to the blind performance for the randomly split
datasets. Models trained using data from each island were able to predict successfully to the
other island for MALF, but not for FRE3. Models trained on either Wet or Dry sites were not able
to successfully predict to their counterpart groups for either MALF or FRE3. Provisional results
indicate that a small degree of extrapolation is always likely, but as degree of extrapolation
increases, so the likelihood of greater prediction error increases.
When the Degree of extrapolation was calculated for the whole country. Results indicated
that the vast majority of reaches were interpolated to. This was especially the case for FRE3. This
indicated that the cross-validated performance was transferable to most reaches across the
country. Greater degrees of extrapolated were calculated for smaller rivers and specific parts of
the country (e.g., North Gisborne, Inland Kaikoura, West Coast, Catlins, Stewart Island).

Figure 1. Degree of extrapolation for 500 randomly selected reaches for each of stream orders 1 to 8. Black
crosses represent locations of training data.

Conclusions
This work demonstrated several key findings:
• It is possible to make reliable predictions at new locations within the modelled
environmental space.
• Predicting outside the range of the observed data can produce misleading results. This
might be the case when assessing possible climate change or management scenarios.
• The RFIE procedure can aid in assessing the degree to which new sites or scenarios of
new conditions lie inside or outside the bounds of the observed data and improve the
representativeness of national monitoring networks.
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HINDS – HEKEAO MANAGED AQUIFER RECHARGE PILOT TRIAL – YEAR 1
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Aims
The Hinds / Hekeao Plains (Hinds) catchment Managed Aquifer Recharge (MAR) Pilot Trial Year 1 had a number of objectives to help the local community investigate groundwater
augmentation as one of a number of catchment management measures. A Pilot Trial was
undertaken to demonstrate the application of MAR within the catchment.
The Pilot Trial site consists of a 900-m long water race that delivers water from an irrigation pond,
a forebay designed to capture suspended sediment transported in the incoming source water and
a main basin or primary infiltration area. Water levels, flows and water quality have been
monitored at the MAR site and in surrounding groundwater throughout Year 1 of the trial.
The key outcomes for the Pilot Trial (Golder 2017) were to demonstrate the ‘proof of concept’ of
MAR to help achieve the overall catchment outcomes for quantity and quality. In this there were
three primary objectives:
1. Increase groundwater levels and overall groundwater storage near the site;
2. Decrease concentrations of nitrate-N in groundwater near the site; and
3. Increase baseflows and improve water quality in the down-gradient coastal spring-fed
waterbodies (drains).

Method
The Pilot Trial site and supporting surface water, groundwater, ecological and climate monitoring
programme covers a sub-catchment of the Hinds Plains totalling over 255 km2 spanning from upgradient monitoring bores through to surface water flow sites near the coast. In the context of
quantifying the water quality relationship between surface water recharged and the groundwater
directly affected by this recharged water, the terms source water and receiving water are used,
respectively.
The Pilot Trial is consented to recharge up to 500 L/s 1 unutilised stockwater, sourced from the
Rangitata River and delivered through existing irrigation infrastructure. The official first year of
recharge testing at the MAR site ran from 10 June 2016 to 9 June 2017.
The Pilot Trial site consists of an infiltration basin system constructed by a local contractor (Stuart
Tarbotton Ltd) on a site owned by Ashburton District Council near Laghmor. Site construction
commenced in March 2016 and concluded in early June 2016. The total infiltration surface area
potentially available is 1.05 ha, consisting of a 0.14 ha forebay and a main infiltration basin that
has an area of 0.90 ha (Figure 1).

1

CRC 4.0

CRC162191 302,400 cubic metres weekly or 15.7 Mm3 annually.
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Figure 1. Main basin overview and on-site monitoring (Golder, 2017)

Results
Maximum recharge rates for the site averaged at 113 L/s with the site operating for 279 days
during the first year. A comparison of infiltration rates between the open leaky race with the Pilot
Trial main site indicated on average the race performed similarly to the main site, averaging a
17% loss in 19% of the combined open race and main site total infiltration area. Infiltration rates
during most of the Pilot Trial operational period have been calculated at between 0.5 m/day and
0.6 m/day. Total recharged water during Year 1 of the Pilot Trial is conservatively estimated at
2,442,000 m3.
Recharged water at the Pilot Trial site has become distributed between a perched aquifer and the
underlying regional unconfined aquifer. Increased groundwater flows and levels in the perched
aquifer via pressure response were estimated to have reached a distance of about 6.9 km from
the Pilot Trial site. The plume of low nitrate water in the perched aquifer is estimated to have
travelled about 3.3 km by the end of Year 1. Groundwater level increases in the regional
groundwater table of 4.05 m, 3.61 m and 2.14 m have been measured in monitoring wells at
distances of 90 m, 320 m and 1,660 m respectively. The Pilot Trial resulted in increased
groundwater levels and storage via pressure response over an area of at least 12 km2
surrounding the infiltration basin. The outcomes from 3D groundwater modelling of the effects of
the MAR Pilot Trial operations on groundwater have produced similar outcomes to those
calculated analytically from on-site observations.
Recharge through the floor of the infiltration basin has resulted in measured nitrate-N
concentrations in the receiving groundwater beneath the site decreasing from greater than 4 g/m 3
to less than 1 g/m3. Measured nitrate-nitrogen concentrations in down-gradient groundwater
influenced by water from the Pilot Trial have reduced from approximately 14 g/m3 to less than
4 g/m3.
Overall, the Year 1 operations at the Hinds MAR Pilot Trial have successfully achieved the key
objectives of demonstrating the viability of MAR to:
1. Improve groundwater quality in the aquifers beneath and down-gradient from the trial site
2. Increase stored groundwater volumes in the aquifers surrounding the trial site.
No ‘fatal flaws’ have been identified in the use of MAR to support the community objectives for
groundwater quality and levels within the Hinds catchment. However, significant questions
remain on matters such as ‘what are the optimal MAR site designs?’ and ‘where will the future
source water come from and how much will it cost?’ These questions will be addressed in the
next phase of the project in the development of a Groundwater Replenishment Scheme business
case.
References Golder Associates. (2017) Hinds Managed Aquifer Recharge Pilot Trial – Phase 1 Report,
1538632-7410-024-R-Rev2, 88 pages. Prepared for Canterbury Regional Council.

47

HINDS – HEKEAO MAR PILOT TRIAL – YEAR 1 PUBLIC HEALTH DRINKING
WATER RESULTS
Bob Bower,1 Brett Sinclair,2 Jens Rekker3
1
Wallbridge Gilbert Aztec (WGA) NZ
2
Wallbridge Gilbert Aztec (WGA) NZ
3
Lincoln Agritech Ltd
Aims
A pilot testing of the feasibility of applying Managed Aquifer Recharge (MAR) to the Hinds /
Hekeao Plains (Hinds) catchment to help the local community meet agreed objectives
documented in the Zone Implementation Plan Addendum was completed and accepted by the
Ashburton Zone Committee (AZC). The final Hinds Plains Solutions Package approved by CRC
Commissioners provided for water augmentation (including MAR) as one of a number of
catchment management measures. A pilot trial was undertaken that identified a preferred location
for a Hinds MAR Pilot Trial to demonstrate the application of MAR within the catchment.
The Hinds MAR Pilot Working Group formed a research and community outreach partnership
with Canterbury District Health Board (CDHB) in terms of the role MAR might play in better
management of drinking water supplies. The Hinds – Hekeao Plains comprise a rural district with
peripheral urban fringe against Ashburton; with a range of drinking water supplies including
private individual, communal domestic and public water supplies all drawn from groundwater.

Method
CHDB Community Public Health conducted a public outreach and drinking water supply sampling
programme prior to the start of MAR operations. The MAR Technical team integrated drinking
water additional drinking water analysis parameters, including a nitrate-nitrogen GIS mapping
analysis.

Results
Randomly selected private domestic water supply bores were sampled north and south of State
Highway 1 in the down-gradient zone from the MAR site. Selected bores ranged in depth from 7
m to 80 m. For the 50 bores sampled and analysed for nitrate nitrogen the following results were
obtained:
•
•
•
•

44% (22) were less than the recommended average concentration of 5.7 gN/m 3
28% (14) were exceeded 5.7 gN/m3, but were less than the drinking water standard of
11.3 gN/m3
The remaining 28% (14) were in excess of the drinking water standard of 11.3 gN/m3
Only 4% (2) were found to have a presence of bacterial indicators as E. coli.

Two drinking water supply bores (GWE-13 and GWE-15) in proximal, down-gradient positions
potentially influenced by MAR replenishment with low nitrate water displayed no clear indication
of water quality effect in sample analysis results. However, the dry climate conditions prevailing
during the first year of the MAR pilot trial (2016-17) coincided with the tail-end of an extended dry
spell and low natural recharge, which is likely to have reduced leaching and macro-pore drainage
that would bring soil nitrate and bacteria to the water table. Overall diffuse agricultural
contaminant mobility is expected to have been low during this period. However, one private
drinking water source bore (GWE-11) very close to the MAR site displayed clear indication of
water quality effect in sample analysis results.
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Figure 1: MAR project area drinking water source water responses

Figure 1 illustrates the relative lack of nitrate-nitrogen concentration response in the average of
bores GWE-13 and GWE-15, and the greater degree of response to the onset and pause in MAR
replenishment with low nitrate alpine water.
References
Golder Associates. (2017) Hinds Managed Aquifer Recharge Pilot Trial – Phase 1 Report, 1538632-7410024-R-Rev2, 88 pages. Prepared for Canterbury Regional Council.
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TURBIDITY’S SENSITIVITY TO ORGANIC MATTER
Bright, C.E.1 Mager S.M.1
1
Department of Geography, University of Otago
Aims
Turbidity is a measure of water clarity and measured as a regulatory requirement of regional councils as
mandated by the National Policy Statement for Freshwater. Turbidity responds to the presence of
suspended material and is commonly used as a proxy for suspended sediment. However, suspended
material is made up of an inorganic component (suspended sediment, SS), and an organic component
(particulate organic matter, POM). Turbidity responds to the presence of both particulates. This paper
reports on suspended material flux in the Glendhu Experimental Catchments, located in the upper Waipori
Catchment in the Lammerlaw Ranges, Otago. Since early 2016, a high export of POM has been observed in
both the control catchment covered in indigenous snow tussock (Chionochloa rigida) and the catchment
planted in exotic forest (Pinus radiata) undergoing clearance; respectively POM comprised 54% and 69% of
total suspended material (TSM). It is likely that the high export of POM interfered with the relationship
between turbidity and the suspended sediment concentration (SSC) because the presence of organic matter
causes changes in water colour, to which some turbidity measurement methods are sensitive. An
investigation into the potential effect of organic staining of riverine water was undertaken by comparing two
different measurement methods; one method that is sensitive to the effects of colour caused by organic
mater (EPA 180.1), and the other that compensate for the colour caused by organic matter (ISO 7027).
Thus, the aims of this paper are to:
•
Assess the sensitivity of turbidity to the presence of organic matter; and
•
Produce a relationship in which turbidity can be used to predict suspended sediment, particulate
organic matter and total suspended material.
Method
Samples were collected from the Glendhu Experimental Catchments, located in the upper Waipori
Catchment daily using two ISCO automatic water samplers collecting 500 mL, as well as regular two to four
weekly 1 L grab samples. Samples were collected upstream of the gauging weir, which has a continuous
stream flow record since 1979. A 30 mL subsample was decanted from each sample and used to measure
turbidity using two different Hach portable nephelometers; Hach 2100P and Hach 2100Q-is. Standard
methods where by a known volume of water is filtered through 0.7 µm glass fibre filters and oven-dried at
105oC were used. TSM was recorded, and then the glass fibre filters were subject to a loss on ignition
method by heating in a muffle furnace at 500oC for 30 minutes. The filters are then reweighed to determine
the amount of mass loss, which is equivalent to POM.
Preliminary Results
The results presented in Table 1 suggest that turbidity measurments made with the Hach 2100Q-is
turbidimeter operating on the ISO 7027 method are statistically higher than the measurements made with
the Hach 2100P operating on the EPA 180.1 method. For the three month period, 26 April to 25 July 2017,
64 corresponding turbidity measurements were made with both turbidimeters. On 55 occassions the turbidity
value measured using the Hach 2100Q-is was 10% or more higher than the measurement made with the
Hach 2100P, and proven to be statistically different.
Table 1: Median values for turbidity in units of NTU determined using a Hach 2100P, and turbdiity in units
FNU determined using a Hach 2100Q-is, and the result of a Mann-Whitney test for statistical diferrence.
Hach 2100P
Turbidity
(NTU)
Harvested Catchment
26/4/17 – 25/7/17
* Signifigant at the 95% level

3.67
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Hach 2100Q-is
Turbidity (FNU)
4.93

P-value

0.004*

IRRIGATION ALLOCATION RATE – HOW MUCH IS ENOUGH?
John Bright,1
1
Aqualinc Research Ltd.
Aims
An increasing number of rivers and groundwater systems in New Zealand have limits on the total
amount of water that can be taken from them. In a number of cases this limit has already been
reached (i.e. the water body is fully allocated) or exceeded. Once full allocation is reached further
economic growth that is based on water usage is dependent on raising economic efficiency – of
earning more dollars per unit of water used.
A direct method for attempting to raise the economic efficiency of irrigation water use is to reduce
the irrigation allocation rate – the flow-rate allocated per hectare of land irrigated. The key
question is how much does reducing the allocation rate reduce agricultural production and the
financial performance of an irrigated farm. This research aimed to answer this question.

Method
The Waimakariri water management zone is spatially heterogeneous in terms of its climate, soil
types, land-uses and irrigation systems. In order to estimate the effects of changing irrigation
allocation rates on farm water use and outputs the performance of representative farm systems in
the Waimakariri water management zone were modelled:
•

under different degrees of water availability (allocation rate and supply reliability)
for the farm,

•

under different climatic conditions,

•

under different irrigation systems

Performance was quantified in terms of seasonal water use and earnings before interest and tax.
Representative farms on the potentially irrigable areas of the zone were identified by firstly
dividing the zone into sub-zones based on average annual rainfall. Then, within each sub-zone,
the area of land used for each combination of farm type and soil type (plant available soil water)
was determined.
The irrigation strategy on pasture-base farms was assumed to be the same, regardless of the
enterprise type and stocking rate, and that is to irrigate to maximise pasture production.
Variations in pasture production change the amount of silage made and feed bought in and this
was incorporated in the farm financial model, rather than the farm production/irrigation model.
Three types of irrigation systems were modelled: centre pivot and boom or gun travelling
irrigators for Dairy farms and linear move irrigators for Arable/Mixed farms. Irrigation water use
and pasture/crop production was modelled for each of these combinations of land-use and
irrigation method, under different degrees of water availability, climatic conditions, with and
without on-farm water storage.
Differences in irrigation method were represented through differences in the uniformity of
irrigation applications and differences in the irrigation management rules used. As a result
irrigation efficiency varied from about 40% to about 95%, on average, depending on soil type and
the operating constraints of the particular irrigation method.
Farm physical and financial performance was computer simulated over the historic period 1 July
1972 to 30 June 2013 (40 years) for several hundred farm system scenarios. Physical
performance was modelled using Aqualinc’s IrriCalc-MP model. Monthly water use and
pasture/crop production outputs from the irrigated farm simulations were input to spreadsheet
models of farm revenue and expenditure, each model representing a different farm system type.
These spreadsheet models were used to simulate farm financial performance over the 40 year
time period, assuming constant prices. The principal output from the spreadsheet model was an
annual time-series of earnings before interest and tax (EBIT).
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IrriCalc-MP simulates the irrigation of, and drainage and pasture/crop production from, each
paddock or field-unit in a farm. The simulation operates on a daily time step. Soil type, crop
rotation, climate and irrigation method are specified at the field-unit level. This enables both the
spatial and temporal variability in the farms key physical characteristics, operating environment
and management to be represented explicitly in the model.
The maximum amount of irrigation water that can be used on the farm on any particular day is
constrained by the irrigation system capacity or the amount of water available from the farm’s
water source that day, whichever is the most limiting. The amount of water available from the
water source depends on the state of the water source, river flow rate for example, and the
applicable consent conditions. If irrigation demand is greater than the supply on any day the
water available is allocated to field units in order of priority until the available water is fully
committed. The field units that need irrigation, but which are not allocated water because there
isn’t sufficient, are not irrigated that day. In the current version of the model the field units are
assigned a priority order that is fixed for the simulation. This means the same field units are
dropped first when water supply is short, regardless of the crop being grown in them at the time.
Irrigation system capacity, maximum allowable seasonal water use and a daily time series of
water availability are key inputs to IrriCalc-MP because of their influence on farm-scale irrigation
water use, drainage (and therefore leaching) and pasture/crop production.

Results
Average annual irrigation water use decreases as the irrigation allocation rate is reduced. The
rate at which irrigation water use decreases is a function of the soil’s capacity to store plant
available water and irrigation efficiency. The lower the plant available water or irrigation efficiency
the more sensitive is average annual irrigation water use to the allocation rate. With efficient
irrigation on all but the shallowest soils, the reduction in average annual irrigation water use as
allocation rates reduce from 0.72 l/s/ha to 0.4 l/s/ha is relatively small.
For soils that have the capacity to store 60mm of plant available water, or more:
•

Average annual farm earnings before interest, tax, depreciation and amortisation reduces
by a relatively small amount only as the irrigation allocation rate reduces from 0.7 l/s/ha
to 0.4 l/s/ha.

•

Average annual irrigation water use reduces by a relatively small amount as the irrigation
allocation rate reduces to 0.4 l/s/ha.

•

There is a more significant drop in both earnings and water use when irrigation allocation
rate drops to 0.3 l/s/ha.

The key to this resilience is efficient irrigation. The results are based on irrigation management
rules that deliver high irrigation efficiencies on this group of soils, but efficiencies that are
achievable given modern irrigation machinery and well-proven irrigation management
technologies.
For soils whose capacity to store plant available water is less than 60mm, or for farms without
highly efficient irrigation systems, farm earnings and irrigation water use are sensitive to changes
in the irrigation allocation rate.
At face-value it would seem that irrigation allocation rates could be reduced significantly. However
when consideration is given to the year-to-year variability in farm financial performance a more
complex picture emerges. Farm debt levels interact with irrigation allocation rate and water supply
reliability to determine the financial resilience of a farm business and thus whether irrigation
allocation rates can be reduced without destroying its financial viability. Within any given
freshwater management unit there is likely to be a wide range of debt levels and thus ability to
cope with a reduction in irrigation water allocation rate.
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ORGANIC MATTER, SUSPENDED SEDIMENT AND TURBIDITY IN OTAGO
TUSSOCK GRASSLANDS
Bright, C.E.1 Mager S.M.1
1
Department of Geography, University of Otago
Aims
Suspended material transported by rivers is mostly comprised of inorganic material; but also
includes variable amounts of organic material. The portions of material transported as either
organic or inorganic material varies depending on land cover and catchment characteristics. In
catchments susceptible to erosion, the amount of material transported through the riverine
system is monitored through continuous measurement of turbidity. Turbidity is a measure of water
clarity, and is used as a proxy in suspended material research as changes in turbidity relate to
predictable changes in the suspended sediment concentration (SSC). However, suspended
sediment (SS) is not the only component of the total suspended material (TSM), as an organic
component (particulate organic matter, POM) is also present. Turbidity responds to both the
presence of SS and POM. A preliminary study focused on assessing the impacts of forest
clearance on water quality in the Glendhu Experiment Catchments, located in the upper Waipori
Catchment in the Lammerlaw Ranges, Otago, identified a high export of POM that impeded using
turbidity as a predictor of the SSC. Subsequently an investigation into the sensitivity of turbidity
has continued with the objective to assess POM exports from other tussock grasslands in the
wider Otago area, assessing if a high export of organic matter is typical of all Otago tussock
grasslands and what controls the release and transport of organic matter in the fluvial
environment. Thus, the aims of this paper are to:
•

•
•

Quantify the export of suspended material from Otago tussock grasslands, including the
proportion of suspended sediment and particulate organic matter, to assess if the high
export of organic matter observed in the Glendhu catchments is typical of other Otago
tussock grasslands; and
To identify what controls the release and transport of organic matter; and
To establish the relationship between turbidity and suspended sediment, particulate
organic matter and total suspended material.

Method
Samples were collected from the Glendhu Experimental Catchments daily using two ISCO
automatic water samplers collecting 500 mL, as well as regular two to four weekly 1 L grab
samples. Samples were collected upstream of the gauging weir, which has a continuous stream
flow record since 1979. Monthly 1.5 to 2 L grab samples were also collected monthly from other
tussock grassland catchments within Otago. A 30 mL subsample was decanted from each
sample and used to measure turbidity using two different Hach portable nephelometers; Hach
2100P and Hach 2100Q-is. Standard methods where by a known volume of water is filtered
through 0.7 µm glass fibre filters and oven-dried at 105oC were used. TSM was recorded, and
then the glass fibre filters were subject to a loss on ignition method by heating in a muffle furnace
at 500oC for 30 minutes. The filters are then reweighed to determine the amount of mass loss,
which is equivalent to POM.

Results
Like previously observed by the 2016 study in the Glendhu Experimental Catchments, results
from continued data collection in 2017 reveal particulate organic matter comprises 54% of TSM in
the tussock control catchment, and 69% in the Pinus radiata catchment undergoing clearance.
Preliminary results from data collection in the wider Otago area suggest that organic matter
export from other tussock grasslands (sub catchments within the Taieri Catchment) is similar,
ranging 14 to 40% POM of TSM in catchments with greater than 50% tussock grassland land
cover. Early analysis also suggests that the percentage of POM correlates inversely with
catchment size.
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FILLING A DRAIN WITH WOODCHIP: DENITRIFYING BIOREACTOR TRIAL, SOUTH
CANTERBURY
Lee Burbery,1 Phil Abraham,1 Theo Sarris,1 Chris Tanner,2
1
Institute of Environmental Science (ESR)
2
National Institute of Water and Atmospheric Research (NIWA)
Background
Woodchip denitrifying bioreactors (WDBs) of the types described by Schipper et al. (2010)
present a possible nitrate mitigation option for agricultural drainage water. Research on these
edge-of-field engineered-based systems has been ongoing for more than a decade, and they are
a proven concept, albeit in appropriate contexts (Christianson and Schipper, 2016). Whether such
reactors represent a viable nitrate mitigation tool for agricultural drainage in New Zealand
however, has yet to be determined. This is because the technology has yet to undergo any
extensive domestic in situ field-trials.

Research aims
We are undertaking a pilot study of a WDB that is targeting removal of nitrate in an artificial land
drain, on a dairy farm in the Barkers Creek catchment, South Canterbury. The study constitutes
one of the first full-scale field trials of WDB technology in the New Zealand agricultural landscape.
Objectives are to design and construct an operational-scale WDB; monitor the hydraulic and
nitrate treatment performance of the bioreactor over the long-term, and examine the impact on
the receiving environment – that is water chemistry; in-stream ecology and air quality.
Coincidentally, the pilot study provides an examination of the rules and regulations relating to
installation and operation of novel nitrate mitigation options like WDBs, in the Canterbury region.
Mobilisation of phosphorus; leaching of dissolved organic carbon and nitrous oxide (greenhouse
gas) emission from the bioreactor are the primary pollution-swapping processes under scrutiny.

Methods
The WDB being piloted at Barkers Creek is of the ‘in-stream’ type; first demonstrated in Canada,
by Robertson & Merkley (2009). It is positioned within the pre-formed channel of an open artificial
drain that is known to be impacted by nitrate and which flows year round. The treatment system is
of a novel modular design, comprising a set of serviceable sediment traps that have been
incorporated to mitigate the risks of sediment impacting on both hydraulic performance of the
bioreactor and promoting adverse pollution swapping effects, like mobilisation of sediment-bound
phosphorus.
Using the combination of a TRIOS Opus UV nitrate sensor and a NIWA Cascade T-120 flume,
flow and water quality have been monitored continuously in the drain, since August (winter) 2016.
The time-series dataset collected up to May 2017 was used to inform the bioreactor design
process.
Operating within a stochastic framework, predictions around the performance of a WDB
emplaced within the drain culvert have been made. A number of physical constraints (e.g. those
imposed by planning rules and the drain geometry) were imposed on the modelled predictions.
Varying a suite of physico-chemical variables (indicated on Figure 1), the metrics of: bioreactor
size vs cost vs under/over treatment of water entering the WDB were evaluated, and an optimal
design identified.
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Results
Baseline monitoring has revealed drain water temperature at the study site varies considerably,
seasonally (10ºC winter low vs 23ºC summer high), and our modelling predictions proved
sensitive to this governing parameter. From the model optimization results, we have opted to
build a WDB comprising 450 m3 of coarsely-chipped Radiata pine that will fill the artificial drain to
a depth of 1.5 m, along a length of almost 90 m. A two-metre high dam at the head of the
bioreactor serves to provide a driving hydraulic head to force drain water through the reactor for
nitrate treatment. Equally, the dam creates a holding reservoir upstream of the bioreactor in which
we perceive some additional sediment removal should occur through the process of deposition,
and which is advantageous to the bioreactors operation.
Physical construction of the WDB commenced May 2017. However, owing to a spate of wet
weather and exceptionally high winter water table conditions in the Barkers Creek catchment, at
the time of writing this abstract, installation remains incomplete and on hold pending drier
conditions. By the time of the New Zealand Hydrological Society conference 2017 it is anticipated
the bioreactor will be fully commissioned and field results from early stages of monitored
operation will be shared.

Figure 1: Schematic of the in-stream, pilot WDB at Barkers Creek. The woodchip-filled reactor is a sealed
unit, lined with EPDM. Drain water enters the reactor via a pipe positioned at the foot of the dam. It then
flows through woodchip-filled gabion baskets that act as serviceable sediment traps/pre-filters, before
passing through more woodchip that fuels denitrification reactions. Physico-chemical parameter assessed in
the design optimisation process are marked in italics. Qin(t) and Nin(t) are the time variable flows and nitrate
concentrations in the drain - these have been monitored at the site, since August 2016. Nout is the nitrate
concentration in treated drain water and Qout is the flow through the reactor (assumed constant). The zeroorder denitrification rate r(T) used in the mathematical modelling was assumed to be temperature
dependent. Drain flows that the WDB cannot handle, spill over the bioreactor and bypass any treatment.
References
Christianson, L.E and Schipper, L.A., 2016. Moving denitrifying bioreactors beyond proof of concept:
introduction to the special section. Journal of Environmental Quality 45: 757-761.
Robertson, W.D., Merkley, L.C., 2009. In-stream bioreactor for agricultural nitrate treatment. Journal of
Environmental Quality 38: 230–237.
Schipper L.A., Robertson W.D., Gold A.J., Jaynes D.B., Cameron S.C., 2010. Denitrifying Bioreactors – An
Approach for Reducing Nitrate Loads to Receiving Waters. Ecological Engineering 36 (11): 1532-1543.
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VERTICAL SOIL MOISTURE ATTENUATION UNDER SUB-ALPINE TUSSOCK
GRASSLANDSA CASE STUDY
Josephine A. Cairns,1 Sarah M. Mager,1
1
University of Otago
Aims
he direct measurement of volumetric water content (VWC) to determine the fine scale
perturbations in soil moisture over both short and time scales in a non-agricultural context in New
Zealand. Time domain reflectometry (TDR) and soil moisture capacitance (SMCP) probes were
installed in a tussock grassland catchment to build an annual record of precipitation, undisturbed
under indigenous tussock vegetation, to understand of soil moisture perturbations within this .

Method
An automatic weather station and soil moisture probe array SMCP were at the field site for 12
months, from September 2016 to September 2017. uction cup lysimeters were used to sample
soil water and range of investigations were carried out on the soil, including bulk density and soil
core sampling for laboratory analysis. Double ring infiltrometers and tension disk permeameters
were also used at the field site to develop an understanding of the soil water regime at the site.
Data analysis from the TDR probes included division into seasonal, monthly and event scale, with
wetting and drying events considered at all timesteps.

Results
Preliminary data analysis has been conducted on the summer and spring seasons and one
wetting event. During the summer season, a precipitation event of 25 mm on the 13/02/17 lead to
a flashy response at the 10, 20, and 30 cm depths, with a spike in VWC also seen to a lesser
degree at the 42 and 60 cm depths (Figure 1). A response was not observed at the 70 cm depth.
During the spring season, the soil moisture values showed less variation, with the values between
30 and 50% VWC across the season (Figure 2). From the 19/09/16 to the 4/10/16, low
precipitation volumes were recorded, with a subsequent spiked drop in VWC at the 10, 20 and 30
cm depths and a lesser response at the 42 cm depth (Figure 3). The 60 and 70 cm depths were
impervious to this drying event.

Figure 1. Soil moisture variation from 10-70 cm depth across the summer 2016 to 2017 season.
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Figure 2. Soil moisture variation from 10-70 cm depth across the spring 2016 season.

Figure 3. Drying and wetting event between 25/09/16 and 5/10/16.
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REFLECTIONS ON THE AUSTRALIAN CLIMATE AND WATER SUMMER INSTITUTE
Josephine A. Cairns,1
1
University of Otago
The Summer Institute was a collaboration between OzEWEX, CSIRO, , Geoscience Australia
The purpose of the Summer Institute was to create a venue and atmosphere for postgraduate
students to work in small teams on innovative projects looking at the application or improvement
to data services and analysis tools in Australia, building ties between industry and researchers as
well as disseminating information and skills around new data and technologies.
The Australian consisted of 16 PhD and Masters students from Australia, as well as two Masters
students from New Zealand, who spent six weeks at the Australian National University, Canberra,
Australia two weeks as an intensive workshop stage and four as a project stage. Research staff
from the Bureau of Meteorology, CSIRO Land and Water, Geoscience Australia, Murray-Darling
Basin Authority, Bushfire and Natural Hazards CRC, National Computational Infrastructure, and
the Australian National University (among others) came together to provide workshops on their
data and services as well as provide mentoring and leadership for projects. Overall, the aims of
the attendees were to: collaborate outside their home institutions, understand government
agencies and research organisations, visit and experience working at organisations, meet and be
mentored by Australia’s most prominent researchers and practitioners, write up research into a
peer-reviewed publication, and for team work and project .
My specific interest in attending the ummer nstitute was around placing my research into a wider
(international) context, learning skills and gaining an understanding of the comparisons between
hydrological research in Australian and New Zealand. The aims of the sponsor organisations and
overall aims of the were to strengthen networks with the research community, make
data/technologies and software more widely known; to show themselves as a potential future
employer and to try ambitious new ideas in a short timeframe and for students to work in small
teams on projects to develop an application or improvement to data services and analysis tools.
For the project stage, the students divided into groups of two or three, and the project I worked on
involved the development of a seasonal soil moisture forecast for Australiaa product that does not
currently exist. The overall frm the ummer nstitute and my project there were centred on the
differing nature of spatial scales in Australia they have a much more limited spatial array of
instruments and rely more heavily on modelling projects which require modelled data inputs. I
believe that Australia has much to learn from the New Zealand context of hydrological research
and that overall the high standard of students and research here shows that we are able to hold
our own in comparison. This presentation will describe the process of attending the and reflect on
the potential impact of the for students from New Zealand.
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OZEWEX AND OUR FOUR-WEEK PROJECT: INVESTIGATING THE ROLE OF WIND
SPEED DATA IN MODELLING EVAPORATIVE PROCESSES OF THE AWRA-L
MODEL
Carter, L,1 Stephens, C,2 Chowdhury, A.F.M,3
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Background
The OzEWEX Water and Climate Summer Institute was a six-week course held at the Australian
National University in Canberra over the summer of 2016/2017. The institute offered an intense
two-week boot camp, in which we visited various federal and state agencies, learning about the
availability of data and how it could be applied to future projects. The last four weeks consisted of
the students planning, developing, and undertaking a project.
Our team found that there was a lack of consideration of variance in the wind speed data
modelled in the Australian Water Resource Assessment Landscape (AWRA-L) Model. AWRA-L is
a gridded daily water balance model developed by CSIRO and the Bureau of Meteorology (Van
Dijk, 2010; Vaze et al., 2013) to provide constant estimates of water balance in Australia at
national and regional resolution, using real world data where available. One aspect of the model
calculates the potential evapotranspiration (PET) using the Penman equation as described in Van
Dijk (2010). Wind is one of the four drivers of PET, which influences actual evapotranspiration
(AET). The AWRA-L model looks at changes over the 5km by 5km grid spatially, but has no
consideration for temporal dynamics (Van Dijk, 2010).

Aims
The first aim was to identify whether the model’s evaporative processes are sensitive to wind
speed.
From there, to evaluate the role of wind speed further, the inclusion of time-varying wind
measurements were inputted into the model and assessed for any difference between the results
and the modelled historical trends in PET. In the original model, wind was represented as a single
value throughout the model’s run time; any changes in seasonal or daily wind speed would not be
included into the evapotranspiration, therefore underestimating or overestimating the result. To
improve the wind speed variable of the Penman equation, daily time series data was coded into
the model to recognise areas of under- or overestimation. Topographic effects were included into
the wind grid, to understand better how it influenced the modelled PET in AWRA-L. The AWRA-L
model was run over a 30-year period, 1986–2016, at daily resolution.

Method
AWRA-L model was run with the Penman’s equations altered to allow for different variables to be
tested, with perturbations in the wind speed of 10%, 25%, and 50%, to establish the sensitivity of
the model. Once established, the time series gridded data of daily values were included and
evaluated against the original outcomes. In the original model, the entire country was modelled
on a wind speed of 3.5m/s. These perturbations were done as a way of establishing if there was a
necessity to include the temporal data (sensitivity testing), and if so, how much of an impact
would that temporal data make to the results. The last section of the project was to incorporate
topographic wind multipliers into the AWRA-L model due to the variation in topography along the
eastern region of Australia. These multipliers were then coded into the wind grid before the
AWRA-L model was rerun and the results studied. The wind multipliers were originally created in
a 30m x 30m grid, and had to be downscaled to a resolution of 5km x 5km.
All results were yielded from using a closed AWRA-L model, meaning that there were only certain
parts of the code that we could change and develop; the rest was locked to allow for others to
recreate the results.
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Results
The results showed that introducing temporal data into the evapotranspiration equation exhibited
a seasonal pattern. Due to the absence of variation included in the model for the time series, the
winds were the same for both summer and winter. The latitudinal position of Australia means that
the winds increase in the winter in the south of the country. The wind stilling pattern that had been
popularised by Roderick (2007), resulting in the reduction of recorded PET. Over the country,
there was a recorded drop in the wind speeds by 0.0009m/s/y (Roderick, 2007). The wind stilling
was attributed to the reduction in pan evaporation values between 1975 and 2004. The results
show that when the temporal data was included, the stilling effect was reversed. The inclusion of
time series data had significant impacts in several areas of Australia, in total evaporation,
evaporation flux from surface, and discharge into streams (Fig. 1).
The topographic wind multipliers influenced mainly the east coast of Australia and Tasmania. The
change was up to 0.2 mm/day. Due to the different resolution requirements, some of the data had
reduced resolution. The response of the model shows a need for time series data to be included
over the country. In addition to the previous finding, the east coast of Australia predominantly
shows an additional response to the inclusion of topographic multipliers, giving evidence that
topographic multipliers should be included in the model.
Actual evapotranspiration (AET) was unable to be evaluated with our script changes, which could
not be rectified by those who developed the code. With the inclusion of the daily wind speed
values, the AET results were unjustifiably high in comparison to PET, and also, increased wind
speed which lead to a significant drop of evapotranspiration. As the project was only 4 weeks
long, our group ran out of time to study the AET and fix the code. As this project was only 4
weeks, we ran out of time to rectify this. For PET, there was a significant change in the
evapotranspiration rate during the sensitivity test, with a change of ±500mm/year.

The result of going to the summer institute was that I came back with a greater understanding of
modelling processes, methods of coding, new friends and a greater enthusiasm for learning.
Figure/Table

Figure 2: Differences in the AWRA-L model for (from left to right) evaporation flux from surface
soil (eo), total evapotranspiration (etot) and total discharge into stream (qtot). All maps were run
through the AWRA-L model, images showing the temporal wind data included into the model.
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Aims
Water is currently New Zealand’s main source of renewable energy while flooding is the most
frequent natural disaster (NZ, 2015). A National Flow Forecasting System (NFFS) able to provide
forecast information, at both gauged and ungauged river reaches, would be a valuable asset for
assessing risk of floods and downstream impacts or to support recreational, environmental and
cultural values of water. We present ongoing work on building an operational flow forecasting
system framework at national scale, and stress some of the challenges inherent to the large-scale
approach such as quantifying uncertainties in the forecasts, and efficiently communicating and
visualizing considerable amount of spatial and temporal information.

Method
The NFFS couples NIWA’s high-resolution convective-permitting numerical weather prediction
model with its National Hydrological Model (NHM) for New Zealand. Model data is automatically
passed between models for scheduling dependent tasks and data management on NIWA’s
supercomputer (Oliver, 2015). The operational system generates ensemble flow forecasts
producing hourly hydrographs at 66,000 rivers (Strahler 3 and above) and up to 48 hours updated
six-hourly.
The distributed NHM can provide water information required nationally (including for climate
change applications), and exhibits the strong environmental diversity of New Zealand catchments
(McMillan et al., 2016). The NHM produces time series of natural flows and is based on
TOPMODEL concepts of runoff generation controlled by sub-surface water storage, and
combines a water balance model within each sub-catchment with a kinematic wave channel
routing algorithm (Beven et al., 1995, Goring, 1994). The NHM model parameters are based on
nationally available information on catchment topography, physical and hydrological properties
derived from the River Environment Classification, soil, land use and geology databases.
Consequently, model parameters are independent of changes or biases in input rainfall data and
are estimated using the same method in both gauged and ungauged catchments.
The NFFS uncertainties were quantified using an ensemble of perturbed meteorological and
hydrological initial conditions, and by cascading these uncertainties through the flow forecasts
(McMillan et al., 2013, Clark et al., 2008). Specifically, precipitation inputs and the hydrological
model catchment scale soil moisture and depth to groundwater state variables were perturbed
with temporal and spatial correlation based on catchment specific error parameters. To quantify
the NFFS uncertainties as a first national scale baseline, we evaluated a range of parameter sets
by analyzing several weeks of flow re-forecasts at selected gauged locations across three
representative regions (Bay of Plenty, Canterbury, West Coast).
A web-based visualisation prototype was developed to inform the design of national-scale
forecast information display and communication. Due to the uncalibrated nature of the NHM to
historical observed flows (unavailable at ungauged catchments), we focused on a qualitative
relative framework to provide unbiased flow amounts (e.g. low, average, high flows). To
qualitatively represent the flow forecasts, we assessed the use of the categorical flow thresholds
MALF, Mean and MAF based on the empirical Hydrology of Uncalibrated Catchments (HUC)
database available at every model reach for New Zealand (Woods et al., 2006, Booker and
Woods, 2014, McKerchar and Pearson, 1989).

Results
Ensemble flow forecast visual examinations showed a high sensitivity and catchment
characteristic dependency to the value of the perturbation parameters for the precipitation, and
model state variables. However, a parameter set capturing suitable flow forecast uncertainties for
a first baseline approach at national scales has been selected.
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A map of New Zealand rivers, coloured by categorical flow thresholds, characterizes spatial
information over the whole country for the duration of the forecast period (Figure 1). To define
river levels, the mean flow forecast of the ensemble mean is evaluated against the categorical
thresholds representative hydrological states of the river. We found that for a focus on flood
related information, the maximum of the flow forecast of the ensemble mean should be used. For
more detailed temporal information, the hourly ensemble flow forecast hydrograph, using
categorical flow thresholds, can be displayed by selecting a specific river location.
Using categorical flow thresholds based on the empirical HUC database results in an overclassification of the flow between the same thresholds. This is likely due to the stringent nature of
comparing absolute flow forecast values against estimated observed values. However, further
investigations suggest that an improved representation of flow forecasts at every river reach
would be along an axis of exceedance probability, generated from long term reference
climatology model simulations.
A framework for a National Flow Forecasting System has been formulated and implemented to
provide flow forecast information across New Zealand rivers. To further develop, improve and
systematically validate the system, historical and real time observed data will need to be
incorporated to better account for model and initial condition uncertainties, by applying weather
and flow post-processing techniques, and flow data assimilation where available.

Figure 3: Web-based visualization prototype to communicate spatial and temporal national-scale forecasts.
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ROUTINE MICROBIAL MONITORING IS A NEGLIGIBLE RISK BARRIER FOR
DRINKING WATER SAFETY
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Aims
Routine water quality monitoring should inform of potential microbial contamination in drinking
water. However, the records of numerous waterborne disease outbreaks in the developed world
show that this approach has been a negligible risk barrier for water safety. Most of these
outbreaks are the result of rare contamination episodes, which are extremely difficult to recognise
through routine monitoring of treated drinking water quality as it is limited in both volume and
frequency. Unless contamination is widespread and ongoing, monitoring will fail to detect or
prevent contamination episodes. In this paper, the significance of numerical models and how they
help overcome the current limitations of routine monitoring to follow WHO recommended
guidelines for implementing water safety plans to protect public health will be discussed.

Background
The greatest risk to consumers of drinking water are pathogenic microorganisms. Hence,
microbiological monitoring has been the cornerstone for assessing potential health risk in drinking
water. While the assessment of health risk is based on the presence or absence of indicator
bacteria, the compliance monitoring of treated water quality against water quality guideline
numbers as it is practiced now is an imperfect approach to assessing health risk (Smeets et al.
2010). Because of infrequent sampling or too little water being sampled (for example, Allen et al.
2000 mentions that monthly sampling represented only 0.00002% of the total water produced), it
is difficult to conclude that samples free of pathogens in the storage and distribution system
denote that drinking water is risk-free.
In the developed world, contamination of drinking water is characteristically intermittent, shortlived and often event driven (Rizak & Hrudey 2007). The contamination patterns are extremely
difficult to recognise and control through routine monitoring of treated drinking water quality. A
practical level of routine monitoring of treated drinking water quality will likely fail to detect
contamination unless it is ongoing and widespread (Hrudey & Hrudey 2014). In addition, the
current approach is reactive (not preventive) because the monitoring results are generally not
available until or after the treated water has reached consumers. Even after the results are
known, as most gastrointestinal diseases have an incubation period before symptoms occur, this
leads to a time lag between consumers becoming ill and recognition of an outbreak. Hence, the
evidence of disease is not clear from monitoring alone.
Recognising the limitations of routine monitoring, WHO guidelines for safe drinking water
recommend the implementation of water safety plans which incorporate a risk based approach in
monitoring programs (WHO 2011). Key elements of this risk management approach include being
preventive rather than reactive, and understanding the entire water supply system and the
hazards which can compromise drinking water quality. The latter aspect implies understanding
the source water system, the catchment, the chemistry of source water, contamination in the
source and the distribution system, the treatment capability of the system, and performance and
capabilities of multiple barriers. The combination of these different aspects provides much greater
protection of public health and an effective strategy for prevention as compared to a program
based only on routine monitoring of treated drinking water quality alone. The focus of this paper is
on the importance of understanding the catchment, water chemistry, and source contamination to
protect public health.

Recommended Solution
Numerical modelling of the source water’s catchment, its chemistry, and baseline contamination
in the system provides several advantages as compared to routine monitoring methods to
understand the system and develop a robust risk management plan. Modelling of the source
water catchment provides spatial and temporal dynamics of water flow and determine baseline
contamination in the system. The model can simulate how intermittent and short-lived events
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affect the flow and microbial levels in the system. This will result in predicting the peak microbial
concentrations in the source water for each event. For each peak contamination level, risk based
approach can be applied to find the required reduction in microbial concentration to achieve the
WHO suggested target of 1 x 10-6 DALY (Disability Adjusted Life Years) per person per annum
(WHO 2011). Thus, modelling can help in relating the risk of an adverse effect to a known
concentration of microbes, and quantify the expected rate of an illness in the exposed population.
Modelling the chemistry of source water allows evaluation of the vulnerability of source waters to
microbial contamination upstream of the water intake, and estimate the magnitude and variability
of contamination in the catchment. For example, the chemistry of the source water (surface or
ground water) is affected by microbial processes with respect to abundance of electron donors
and electron acceptors in the system. In confined aquifers, there is limitation of organic matter
(electron donors). A characteristic of such aquifers is the tendency of microbial processes to
proceed from Oxygen reduction to Fe(III) reduction to Sulphate reduction to Methanogenesis in
the direction of groundwater flow. If that aquifer is contaminated by anthropogenic activities, an
excess of available organic carbon often exists, increasing the availability of electron donors. This
will result in Methanogenic conditions existing closest to the contaminant source, followed
sequentially by Sulphate-reducing, Fe(III)-reducing, and Oxic conditions. This pattern is exactly
opposite to that observed in an uncontaminated aquifer (Chapelle 2000). Thus, a model of water
chemistry can be used to determine the effect of microbial processes in the system.
The spatial nature of the models help to identify locations with the highest risk. This allows
evaluation of the vulnerability of source waters based on contamination upstream of the water
intake, and estimate the magnitude and variability of contamination in the catchment. Using the
models, critical control points for interventions can be identified to reduce disease burden in both
time and space. Coupled hydraulic and pathogen fate and transport models are beneficial to
investigate the effect of such interventions.
As an alternative to routine monitoring, WHO recommends ‘event-driven’ source water microbial
monitoring to reduce likelihood of undetected microbe passage through the treatment process.
Due to the logistic, personnel, and financial costs associated with event based monitoring, the
goals and methodology for such monitoring must be optimized. A model of the source water
system and its catchment is beneficial to optimize the monitoring design. The model will simulate
event-driven spread of microbial contamination and quantify the contribution of each
contamination source at the water intakes. Modelling can thus determine event specific locations
for monitoring. The calibrated model can also be used to forecast the microbial levels in the
drinking water source for future events.
In this paper, examples of the models of the source water’s catchment, its chemistry, and
baseline contamination will be presented. Discussion will include how these models can help
water managers develop resilient water safety plans to overcome the limitations of routine
microbial monitoring.
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Introduction
Water is one of the most vital factors for human life. Therefore, it is important to allocate water in
an efficient way to diverse water users. However, there is always controversy on the economic
value of the water. It is difficult to determine the economic value of water usage due to the
different point of view. In this study, to evaluate the socio-economic value of water resources the
K-WEAP based water allocation and management model (WAMM) was developed and applied to
the South Han River basin in South Korea. The water allocation using K-WEAP and WAMM were
optimized and the results were compared. The total amount of water shortage was substantially
decreased in WAMM and the optimized water allocation in WAMM maximized the economic
value of the available water resources. It is envisaged that WAMM could be used as a decision
tool for improving the efficiency of water allocation.

Methodology
A water allocation model considers the various water sources and users depending on the
user’s interests. There are many water allocation models having different functions such as
WEAP, AQUARIUS, MODSIM, and RIBASIM. K-WEAP (Choi et al. 2010) is the revised WEAP
using Korean watershed characteristics. K-WEAP has been applied popularly in Korean river
basins. Based on the K-WEAP simulation modules, a Water Allocation and Management Model
(WAMM) was newly developed using linear programming (LP) for minimizing the total water
shortage. As shown in Figure 1, K-WEAP only considers the available water in the current time
step for optimizing water allocation (called, single-step LP), while WAMM considers the water
availability over the entire period (namely, full-step LP).

Figure 4. GUI and optimization concept of WAMM

The water allocation models using K-WEAP and WAMM were developed in the South Han River
basin to minimize water shortage and maximize the economic value of supplied water. Total 24
agricultural, municipal and industrial water demands and 8 environmental river flows were
considered. Water sources were 15 river tributaries, 15 reservoirs, and 20 groundwater pumping
stations. The municipal demand has the highest water supply priority, while the agricultural
demand has the lowest priority of supply.
Figure 2 illustrates the resultant water allocation network in the South Han River basin and
shows Kwangdong reservoir storage over the simulation period comparing K-WEAP and WAMM
outputs. When available water is not enough to fulfil the water demands, WAMM keeps the water
in the reservoir for the next time period, while the reservoir storage from K-WEAP stays low until
the next rain starts. Therefore, the total water shortage from WAMM is much less than from KWEAP.
Also, the economic value of water supply from K-WEAP and WAMM is different. The highest
water shortages in WAMM were from agricultural demands, which have the lowest economic
value. While, K-WEAP has greater water shortages from municipal and industrial demands, which
have higher economic value. Note the final economic benefit from WAMM is 96,000 USD higher
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than K-WEAP results. Here, the economic benefit from water supply for each user type
(municipal, industrial, and agricultural) was estimated based on the statistical data of South
Korea.
(ton)

Kwangdong Reservoir Storage

Figure 5. Water allocation model using K-WEAP and result of reservoir storage

Conclusions
In this study, a water allocation model called WAMM was developed based on K-WEAP to
improve allocation efficiency. The minimization of water shortage and maximization of economic
value of water were implemented using WAMM and K-WEAP WAMM provides more economic
water allocation with less water shortage. The improved solution came from full time linear
programming, which considers water availability over the entire period in a single optimization
timeframe. This method is not a real time operational option. However, the characteristics of
water users could be understood and alternative water supply plans could be evaluated for future
operations.
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Aims
This study reports zinc and copper concentrations in stormwater runoff from a third-generation
artificial turf field. Comparison is made between two different stormwater flow paths and metal
concentrations. Third-generation turf fields are different from previous generation fields because
crumb rubber is used as a shock absorber. Crumb rubber is typically sourced from recycled
vehicle tyres and has been identified as a potential source of metals and organic contaminants
(Cheng et al, 2014; Bocca et al, 2009). A number of these potential contaminants are introduced
during the tyre manufacturing process as plasticisers, vulcanisers and antioxidants (Rhodes et al,
2012). The wear of tyres through abrasion is a known source of urban stormwater contaminants
but two recent meta-reviews (Kruger et al, 2013; Cheng et al, 2014) reported that there had been
few (if any) studies of crumb rubber washoff and breakdown in the field. To address this gap in
the knowledge and respond to the growing number of these types of sports fields that are being
constructed in NZ and elsewhere, this study set-out to monitor heavy metal concentrations in
runoff from a newly installed third generation artificial turf field.

Method
Automatic flow monitoring and water quality sampling equipment was installed in April 2013 and
maintained for a 28-month period. The sampler was positioned to collect samples from a
combination of surface runoff from the field and surrounding concrete path (termed ‘washoff’ flow
for this thesis) and subsurface field drainage (‘runoff’ flow). Flow weighted samples were taken
during storm events. The water samples were collected and transported to an accredited
laboratory where they were analysed for total copper and zinc and 14 other heavy metals using
standard analytical procedures.

Results
For all metals, initial concentrations for the first three months were high, but then decreased over
the monitoring period. Most metals did not pose an eco-toxicity threat. However, copper
concentrations exceeded ANZECC 80% survival thresholds for 87% of samples and zinc
exceeded the ANZECC 80% survival threshold for 26% of samples (sample n = 561). Zinc
showed greater intra-event variability in concentration (Figures 1 & 2). Copper and zinc yield from
the artificial turf field for the first three months was comparable to a heavily trafficked road
(>20,000 vpd) (Auckland Regional Council, 2010). Thirty-four events were sampled for Mass First
Flush (MFF). Both metals demonstrated a range of MFF values, with zinc having a stronger
overall response than copper. High MFF was observed when peak discharge was high and the
peak one-hour rainfall intensity was high (Figures 3-6). High rainfall intensity, high peak flows and
high pollutant concentrations were linked to washoff flow. Runoff flow had lower concentrations.
Treatment of the ‘water quality volume’ (Sansalone and Cristina, 2004), where the greatest mass
of contaminants is present, can effectively remove the majority of pollutants (Auckland Council,
2013). Thus, redesign of the artificial turf field to reduce washoff flow could reduce pollutant yield.

Figure 1. Cu concentrations (mg/l) by storm event
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Figure 2. Zn concentrations (mg/l) by storm event

(Peak Q 54 l/s)

Figures 3-6. Showing hydrographs and MFF responses for an event with a high rainfall intensity (top) and
low rainfall intensity (bottom). A large washoff spike is observed in Hydrograph Event 18.
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Aims
New Zealand’s alluvial aquifers in Canterbury, Hawkes Bay, Wairarapa, Southland, Waimea and
Marlborough support highly productive agricultural systems through the supply of irrigation water.
However, land use intensification increases fertiliser use and production of animal waste and the
excess nitrogen leaches readily through the alluvial soils into the aquifers, which have little
capacity to reduce the nitrates. These aquifers feed lakes and rivers putting increasing quantities
of nitrates into these environments. The tension between primary sector productivity goals and
environmental limits is increasing with the likelihood of production being significantly constrained
in many catchments. This presentation gives an overview of new research that is being carried
out to develop and evaluate methods for removing nitrate from oxic, highly heterogeneous alluvial
gravel aquifers.

Methods
Our over-arching research question is “Can we sustainably reduce N fluxes in fast-flowing alluvial
aquifers, in which natural N attenuation is insignificant, by inducing conditions conducive to
denitrification?” Alluvial aquifers’ fast and heterogeneous groundwater flow patterns present
significant challenges for this research. Innovative approaches such as Biogas Induced
Denitrification in groundwater and denitrifying Permeable Reactive Barriers, are being coupled
with aquifer characterisation using advanced shallow depth geophysics and, DNA tracers and
groundwater microbial community analysis to enable the effective design, delivery and
implementation of these mitigation options.
Lab-based experiments are being used to simulate high alluvial aquifer flows and model the
chemistry processes at these flow rates. Carbon stimulates denitrification, acting as an electron
donor, and both solid (wood chip) and liquid (dissolved methane) carbon sources are being
trialed. State-of-the-art genomic techniques will be used to assess the dynamic interaction
between the groundwater microbial community and denitrification technologies, recognising that
denitrification processes are facilitated by microbes and that the addition of a carbon source may
alter the composition and function of the microbial ecosystem.
Shallow geophysics methods are being used to identify and map the preferential fast flow
channels in alluvial aquifers i.e. the channels that are carrying the greatest nitrate load requiring
mitigation. This knowledge will be used to adjust the design of the mitigation techniques at
selected field sites.
Three candidate mitigation techniques will be tested at a field pilot scale. Key research issues will
be how the heterogeneity of the aquifer structure and flows interact with the mitigation
technologies at field scale and how the upscaling will influence the interaction between the
movement of chemical reactants, reaction kinetics and the response and functioning of the
groundwater microbial community. The selected mitigation techniques are:
a) Denitrifying Permeable Reactive Barriers (PRB’s) - engineered, passive nitrate remediation
technologies that enhance in situ natural nitrate attenuation in shallow groundwater
systems. Solid carbon is added in trenches through the aquifer, so that nitrate-
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contaminated groundwater is intercepted and the carbon stimulates denitrification by
bacteria which converts nitrate predominantly to inert di-nitrogen gas (N2).
b) Biogas induced groundwater denitrification (BID) - aims to reduce groundwater nitrate by
promoting denitrification in the aquifer through provision of locally produced biogas as a
carbon source for the microbial community. This technique would be a world-first
groundwater field application.
c) A bioreactor using woodchips – this will provide enhanced removal of nitrate from high-nitrate
shallow groundwater systems as they emerge in artificial drainage systems. This option
could provide a very cost-effective method for removal of nitrate before it impacts receiving
waters.

Results
Mixing experiments to understand how the permeable barrier will interact with the permeable
channels within the alluvial gravel aquifer, are being carried out in collaboration with University of
Canterbury (separate presentation by L Banasiak).
The denitrification process with biogas or methane as a carbon source is a two stage reaction
(Modin 2017). First the methane is oxidised by one set of microbes - this reduces the oxygen in
the water and produces methanol and other low molecular weight organic compounds, which are
used by a second group of microbes to reduce the nitrate concentrations. We are characterising
the two sequential reactions using a long flume in our ESR laboratory. Preliminary experiments
were carried out using a 5m PVC flume and showed that the reactions required a longer path
length and were very susceptible to contamination by the organic adhesives used to seal the PVC
flumes. We therefore moved to longer (15m) stainless steel flumes to characterise the reactions.
The results from these experiments will be presented and discussed.
A site has been selected for the PRB field trial near Kaiapoi, Canterbury. Preliminary
assessments were undertaken using shallow geophysics to assess whether the sites had the
required hydrogeologic settings. The selected site is on Waimakariri District Council (WDC)
reserve land and has the advantages of a shallow groundwater table, moderately high levels of
nitrate in the groundwater, the required alluvial gravel hydrogeologic setting, close proximity to
Christchurch, and keen support from the land owner (WDC).
A potential site has been identified with the assistance of the Hawkes Bay Regional Council in the
Ruataniwha Basin, southern Hawkes Bay for the BID field site. Assessment using shallow
geophysics is currently taking place. If there is a suitable location then we will proceed with
further consultation and application for a resource consent.
A field trial for the drainage bioreactor has been selected in the Waikato region and the bioreactor
was designed and installed in June 2017. Data collection has started to evaluate the performance
of the bioreactor (separate presentation by A Rivas).
References
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NON-STATIONARY FLOOD HAZARDS UNDER CLIMATE CHANGE
Collins D.,1 Zammit C.,1 Henderson R.,1 Lawrence J.,2 Paulik R.,1
1
NIWA
2
Victoria University of Wellington
Aims
Flood management to date essentially relies on historical flood occurrences to inform static
models of flood magnitude and frequency. The validity of these models is predicated, in part, on
an assumption of stationarity – that the future will be the same as the past. With climate change
expected to alter precipitation depths and intensities, and therefore resulting flood responses, it is
necessary to examine how flood hazards may change in the future, and how to use this
information to inform flood management.

Method
Climate change projections from the latest IPCC climate model inter-comparison project, under
four climate change scenarios, are used to drive hydrological modelling using the National
Hydrological Model across New Zealand. In the first phase of the research, national differences in
MAF are calculated for two future time periods (2036-2055 and 2086-2099) relative to an
historical baseline (1986-2005). A finer resolution case study of the Hutt River catchment is then
used to examine the significance of any climate change trend. Trends are subsequently analysed
for the entirety of New Zealand, encapsulating a broad suite of flood metrics (e.g., MAF, peaks
over threshold, flood timing).

Results
Comparisons of MAF between a baseline historical period and two future periods show both
increases and decreases in flood magnitude, with the increases becoming larger and more
widespread later in the century and under more extreme climate change scenarios. Southern
South Island and central-northern North Island are projected to experience the greatest increases
in MAF. A case study of the Hutt River catchment, however, shows that not all are statistically
significant, a consequence of New Zealand’s highly variable climate. Maps of the national trend
analysis show variability in the relative sensitivity of flooding to climate change. Implications of
these findings for flood frequency analysis in New Zealand are discussed. We also describe how
this hydrological information will be used to map 1% AEP inundation extents across New Zealand
and fed into a decision-making process based on societal and hazard trigger points.
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COMPARISON OF METHODS FOR MEASURING GROUNDWATER-SURFACE
WATER INTERACTIONS IN BRAIDED RIVERS
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Aims
Braided rivers are often highly connected to groundwater systems, with water flowing between
the two systems. Rivers can gain surface flow from groundwater and likewise lose flow to
subsurface groundwater systems. Understanding the interactions between groundwater and
surface water systems has important implications for water resource management including
sustainable allocation of water use, contaminant transport and ecological purposes. Braided
rivers present several challenges for measuring groundwater-surface water exchange including
their highly permeable gravel beds, flashy flood flows, heterogeneous make-up of streambeds
and meandering channels. While there have been many field studies of groundwater-surface
water interactions in other types of water bodies, there is a gap in the literature in regards to
braided river environments.
This study assesses the usefulness of several field methods for characterising groundwatersurface water exchange in the South Branch of the Ashburton River in Canterbury. The
Ashburton River and surrounding groundwater are highly allocated for agricultural use, and
gaining a better understanding of gains and losses to the system, as well as identifying
appropriate tools to carry out these investigations, will contribute to the knowledge base for
effective water management in the Ashburton area. More generally, this study seeks to enhance
the toolbox for investigations of groundwater-surface water exchange in braided rivers.

Method
This study compares the effectiveness of several field methods for measuring groundwatersurface water interaction in the South Branch of the Ashburton River in Canterbury.
Mini-piezometers and vertical temperature probes will be installed into the riverbed and its
margins to highlight areas of groundwater-surface water exchange. Where possible, rates of
streambed seepage will be calculated. The design of these tools will be refined as needed to
make them more suitable for use in braided rivers.
Sampling locations will be characterised as either gaining or losing by comparing water levels in
the mini-piezometers and river to identify the direction of the hydraulic gradient. Slug tests will be
performed in the mini-piezometers to determine the hydraulic conductivity of the streambed and
its margins. Based on this data, the streambed seepage rate will be calculated.
Temperature sensors will be installed in vertical probes at varying depths in the streambed to
identify gaining and losing reaches of the river, as well as to calculate seepage flux.
Differential flow gauging will be carried out upstream and downstream of sampling locations.
Results will be used in conjunction with piezometric surveys to calculate the streambed
conductance at the sampling locations. The results from this broader spatial scale method will be
compared to data collected from point source methods (vertical temperature probes and minipiezometers).
Water samples will also be collected to compare in-stream and groundwater chemistry to improve
the understanding of water and nutrient sources for the Ashburton River.
Sampling will be repeated on multiple occasions to provide the opportunity to compare datasets
and improve tool design where necessary.

Results
Data collection is currently in progress and will be completed in October 2017. Preliminary results
will be presented.
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IRRIGATION DEMAND AND DRAINAGE FOR NEW ZEALAND IN 2100 UNDER
CLIMATE CHANGE SCENARIOS
Andrew Dark,1 John Bright,1 Daniel Collins,2 Christian Zammit,2
1
Aqualinc Research Ltd
2
NIWA
Introduction
Irrigation demand and soil drainage has been modelled for the whole of mainland New Zealand,
using daily time-step climate model outputs from 1971 – 2100, for the purpose of increasing
understanding of the potential effects of climate change on irrigation demand and groundwater
recharge.
This work is funded by MPI under the SLMACC research programme. It updates the results of
previous analyses undertaken jointly by Aqualinc and NIWA, and greatly extends the scope to
provide national coverage and analysis of a broader range of climate futures. The outputs of this
modelling will be used by NIWA as inputs to a national-scale hydrological modelling study,
investigating the potential effects of climate change on streamflows.

Method
Potentially irrigable areas have been identified for the whole of New Zealand, based on land
slope, elevation and current land cover. A grid was created, covering the potentially irrigable area,
with a virtual climate station network (VCSN) point at the centre of each cell. For each cell, the
dominant soil PAW and irrigated land-use combination has been selected. Four land-uses have
been considered: pasture, arable, orchard, and grapes. Areas that are potentially irrigable but not
currently irrigated have been modelled as pasture.
Irrigation demand has been modelled for each grid cell using daily rainfall and PET outputs from
six global circulation models (GCMs) as inputs to Aqualinc’s irrigation demand and soil moisture
simulation model, IrriCalc. For each GCM, an historic period (1972 – 2005) and four
representative concentration pathways (RCPs) have been modelled. Each RCP covers the
period 2006 – 2100. Both irrigated and dryland scenarios have been modelled. The modelled
soil drainage has been partitioned into recharge and quickflow.

Results
This work is still in progress at the time of writing. The conference presentation will include maps
showing projected changes in annual irrigation demand and soil drainage from current levels
under a range of climate change scenarios.
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NATIONAL IRRIGATED AREA SPATIAL DATASET
Andrew Dark,1 James King,2 Charlotte Wood,2
1
Aqualinc Research Ltd
2
Ministry for the Environment
Introduction
A spatial dataset of irrigated areas has been created for all mainland regions of New Zealand
(except for Nelson City, which has minimal irrigated area). This builds on a dataset of irrigated
area in Canterbury that was created in 2016 for Environment Canterbury (Aqualinc, 2016). Where
possible, mapped irrigated areas have been classified by irrigation system type.
Having a national spatial dataset of irrigated area will provide a range of benefits for managing
New Zealand’s land and water resources. The benefits extend to a number of areas for a range of
potential users, including:
-

National Environmental Reporting
Regional-scale studies of irrigation efficiency, and potential for improvements
Nutrient load assessments
Water resource planning
Creation of inputs for regional groundwater models

Method
A number of data sources were integrated to create the spatial dataset, including aerial
photographs, remote sensing data and resource consent database information. In general the
mapping process involved the following steps:
1. Mapping farm boundary extents from LINZ title information.
2. Identification of irrigation systems clearly visible from aerial imagery.
3. Combining step (1) with irrigation consent data and land slope data to identify potentially
irrigable land.
4. Normalised vegetation difference index (NDVI) from Landsat imagery for the peak of the
irrigation season to identify contrast between irrigated and unirrigated land.
5. Combining steps (3) and (4) to identify irrigated areas that could not be identified in step
(2).
Where irrigation systems could be clearly identified from aerial images, the remaining steps were
not necessary. This was particularly the case for centre pivots. In other cases, the progression
through the steps was not necessarily linear. Depending on the availability and quality of data in
each region, more weight was put on some steps than others in order to draw a conclusion on
whether an area was likely to be irrigated.
Figure 1 shows an example of the aerial imagery and NDVI data used for mapping, and the
resulting mapped area, categorised by system type. The NDVI data has been displayed with
green indicating areas that are highly likely to be irrigated.
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Figure1 Example of data sources and mapping. From left to right: aerial image; NDVI data; resulting
mapped area

In areas where there was less contrast between irrigated and unirrigated land, particularly in
northern and western regions, the NDVI data was of less use. In these regions it was necessary
to rely more on the resource consents data.
The quantitative uncertainty of the mapped irrigated area in each region was estimated, based on
the system types and a categorisation of regions into high, medium and low contrast.
With the exception of Canterbury, and the Takaka catchment (in which irrigated areas were
mapped as part of the Wheel of Water research programme, MBIE contract number CONT24535-LFR-AQUALINC), no primary sector verification was done as part of this project.

Results and opportunities for further work
At the time of writing, the results of the project were unable to be released. However, the
conference presentation will include a summary of irrigated area by region and system type,
along with discussion of the estimated uncertainty of the total mapped areas.
Opportunities exist for verified mapping that has been done by other organisations, including
Councils and irrigation schemes, to be integrated into the national dataset. This has the potential
to reduce the uncertainty of the mapping in some areas.
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CHANGES IN GROUNDWATER QUANTITY AND QUALITY RESULTING FROM
BORDER DYKE TO SPRAY IRRIGATION CONVERSION
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Aims
Irrigation practices on the Hinds-Rangitata Plain (HRP) have changed in the past decade from
primarily border dyke irrigation to spray irrigation. Border dyke irrigation, a type of flood irrigation
method, provides greater quantities than what the soil can hold and results in large amounts of
irrigation water recharging the underlying groundwater. Spray irrigation applies water at a uniform
rate and results in a reduced loss of irrigation water to groundwater, compared to border-dyke
irrigation. The reduced groundwater recharge associated with conversion to spray-type irrigation
is thought to have considerable impacts on HRP groundwater resources. These impacts include
declining groundwater levels, drying of shallow wells and a reduction of baseline flow in coastal
spring-fed waterways.
Groundwater sampling across the HRP and surface water sampling at springs and drains near
the coast show increasing trends of nitrate concentrations from 2002 to 2012 (Hanson and
Abraham, 2013; Scott, 2013). The maximum nitrate value found in shallow groundwater on the
HRP exceeds the maximum acceptable value (MAV) for drinking water, as set by the Ministry of
Health, and the average concentration of shallow groundwater exceeds half the MAV for drinking
water (Scott, 2013). Deeper groundwater in the area typically shows lower concentrations of
nitrate than shallow groundwater, though small increases have been observed in recent years
(Scott, 2013).
Continuous declines in groundwater quantity and quality over the past decade in the HRP pose a
serious risk to drinking water sources, waterways ecology and cultural values. The aim of the
project was to improve understanding of the change in groundwater hydrology in the HRP
following conversion from border dyke to spray irrigation.

Method
This study compared HRP groundwater levels and chemistry obtained during the 2016/2017
irrigation season (i.e., under predominately spray type irrigation) with data from a similar
groundwater study that took place under predominantly border dyke irrigation by Dommisse
(2006).
A climate analysis was conducted to determine the degree to which climate might influence
observed changes in hydrology. This was achieved using cumulative deviation rainfall plots, and
by performing a trend analysis of monitored groundwater level using the Groundwater Data
Analysis tool (GDA-tool) (Bidwell, Burbery, 2011).
Two major piezometric surveys were conducted over the course of the study; one in September
2016, prior to the irrigation season, and one in mid-February 2017, during the irrigation season.
Two piezometric surfaces were developed from these surveys and compared to the results from
Dommisse (2006).
A groundwater and surface water sampling program was carried out over the period of August
2016 to June 2017. Each site was tested for nitrate and DRP concentration, as well as the stable
isotopic composition of oxygen, hydrogen and carbon. The nitrate values in groundwater were
then modelled using the Leapfrog Hydro™ 3D interpolation engine, and compared to a second
model derived from Dommisse (2006) data.
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Results
Results of the study suggest the change of irrigation practise has a long-term impact on water
levels and groundwater volume.
Border-dyke irrigation from the Mayfield-Hinds Irrigation Scheme (MHIS) was shown to cause
artificially high groundwater levels between the early 1980’s and mid 2000’s. The decline in
groundwater levels that follows this artificial high coincides with major improvements to MHIS
irrigation efficiencies. An annual volumetric decrease in groundwater of 23.87 GL was calculated
between 2006 and 2017 and illustrates part of a longer downward trend in HRP groundwater
levels.
The isotopic composition of δ18O, δ2H and δ13C in groundwater captured during the 2016/2017
irrigation season indicates a system principally sourced from local precipitation with little evidence
of recharge from alpine derived irrigation water (i.e., MHIS water). In comparison, groundwater
samples captured during the 2005/2006 irrigation season under predominately border-dyke
irrigation generally showed more negative δ18O values with some highly negative localised δ18O
values (Dommisse, 2006) that were not present for the 2016/2017 period. Because the MHIS
irrigation water (i.e., Rangitata River water) has highly negative δ18O values ranging from
approximately -9.72 to -10.3 0/00 (Dommisse, 2006; Hanson & Abraham, 2013), it is likely that the
border-dyke systems are providing a localised and regional dilution effect to the groundwater
system that is not occurring under spray type irrigation.
Groundwater quality results will be presented at the conference.

References
Burbery, L. & Bidwell, V., 2011. Groundwater Data Analysis - quantifying aquifer dynamics, Christchurch.
Report No. 4110/1: Envirolink prepared by Lincoln Ventures LTD.
Dommisse, J., 2006. MSc thesis: Hydrogeology of the Hinds Rangitata Plain, and the Impacts of the
Mayfield-Hinds Irrigation Scheme, Christchurch: University of Canterbury.
Hanson, C. & Abraham, P., 2013. Cross sections of groundwater chemistry through the Ashburton-Rangitata
plain, Christchurch. Report No. R13/30: Environment Canterbury.
Scott, L., 2013. Hinds Plains water quality modelling for the limit setting process, Christchurch. Report No.
R13/93: Environment Canterbury.

79

DISAGGREGATION OF TOTAL NITROGEN INPUT LOADS FOR UTILISATION IN
SOURCE CATCHMENT MODELLING
Diack E.E.,1 Williamson, J.L.1
1
Williamson Water Advisory Limited
Aims
In recent years Regional Councils and land owners across New Zealand have been utilising the
eWater SOURCE catchment modelling platform to simulate and assess water quality variables
across a range of catchment scales. SOURCE requires constituent input concentrations from the
differing land uses in the model domain to simulate downstream concentrations through the
specified river network. Models like OVERSEER and APSIM have typically been used to
generate constituents input loads (e.g. kg/ha/year or mg/km2/day) from different land uses that
can be implanted in SOURCE. This paper explores a method developed by Williamson Water
Advisory (WWA) to disaggregate constituent input annual loads (kg/ha/year) to a daily input
concentration (mg/L) for utilisation in SOURCE. This paper uses the simulation of total nitrogen
(TN) through the Hawkes Bay Regional Council’s Tutaekuri, Ahuriri, Ngaruroro, and Karamu
(TANK) modelling project as a case study example.

Method
WWA’s methodology of disaggregating OVERSEER annual TN loads (kg/ha/year) attempts to
replicate the observed TN data trends and behaviours from the Hawkes Bay Region, which
typically increase in concentration during winter. This trend implies majority of leaching occurs in
winter and because stream flow is also higher in winter, loads must be exponentially greater than
in summer. This premise is replicated by utilisation of daily sub-soil drainage outputs from the
rainfall runoff generation model (Soil Moisture Water Balance Model) in SOURCE, which in this
case we consider a proxy for catchment wetness or dryness and hence greater leaching during
wet periods and vice versa.
The following steps have been developed for the disaggregation of annual constituent loads to
daily:
• Calculate the daily residual mass (RM) in Perc (mm/day), where positive values represent
wetter than normal periods and vice versa.
1)

Normalise the RM values as a percentage of the range in simulated values, with a value of 1
equalling the average value, with minimum >0<1 and maximum >1<2.

2)

Transform the Normalised RM values by applying a power curve that effectively stretches the
high values and shrinks the low values while maintaining overall mass (i.e. average = 1).

3)

Convert the annual OVERSEER load (kg/ha/year) into a daily equivalent constant load in
milligrams per unit area (m2) per day (mg/m2/day).

4)

Disaggregate the OVERSEER load into a daily variable load by multiplying 4) by 3).

5)

Calculate the groundwater concentration (mg/L) by dividing the daily variable OVERSEER
mass load (mg/m2/day) from 5) by the Groundwater Discharge from Source (mm/day or
L/m2/day).

6)

The timeseries obtained in 6) is used as an observed input concentration for the Slowflow
(groundwater discharge) component of SOURCE.

During development of the code, preliminary runs of the SOURCE model indicated that while the
process above provided an improved simulation, in general the simulated load was greater than
the observed load, and more so in summer than winter. It is widely recognised that various
biological and mechanical processes occurring in the catchment serve to reduce constituent
loads reaching waterways. We attributed these processes in bulk to the difference between
simulated and observed concentration, and hence developed an additional process to account for
constituent mass reduction in a catchment. The premise of this step was that biochemical
transformation and biological uptake increases with warm and sunny climatic conditions.
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The steps involved in applying the potential reduction factor are as follows:
1)

Using evaporation (L/m2/day) as an indicator of current climatic conditions, the modelled TN
concentrations (exported from SOURCE) are evaluated at incremental evaporation intervals
of 0.4 L/m2/day.

2)

These values were directly compared to the measured TN concentrations recorded in the
same evaporation intervals.

3)

Then using only days where there is a measured TN concentration, TN constituent mass is
calculated for measured and modelled data for the same evaporation intervals.

4)

The total measured mass and total modelled mass, across all evaporation intervals, is then
compared and the difference is calculated. The difference is then converted to a percentage
difference, equating to the potential percentage reduction (TN mass) required overall for
modelled TN to reflect measured TN.

5)

The total potential reduction percentage is then proportioned across the full data set of
modelled TN values. This is done by calculating the potential reduction factor (the difference
between measured and modelled TN as a proportion) for each evaporation interval and
applying an “off set” to ensure the average potential reduction factor applied across all
evaporation intervals is equal to the total potential percentage of TN mass reduction required
(calculated in Step 4).

6)

The resulting reduction factors are then correlated to evaporation to generate a potential
reduction factor correlation equation.

7)

The correlation is then used to adjusted the previously calculated TN concentration for each
sub catchment to reflect estimated mass loss in relation to climatic conditions (i.e. on warmer
days where evaporation is greater, more mass will be removed to account for accelerated
uptake).

Preliminary results indicate significantly improved simulations of TN through the Hawke’s Region,
which are reflective of the trends and concentration ranges observed during frequent sampling
rounds carried out by the Hawkes Bay Regional Council (HBRC). Four examples for significantly
different rivers (both size and catchment characteristic) are show in Figure 1 to demonstrate the
broad applicability of this approach.

Figure 6. Measured versus simulated TN for four TANK catchments.
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IMPACT OF FLOW UNCERTAINTY ON RELIABILITY OF SUPPLY AND PHYSICAL
FISH HABITAT SIMULATION
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1
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Aims
New Zealand's rivers are under increasing pressure to supply water for irrigation, hydro-power
schemes, and domestic and industrial uses, while maintaining environmental values. Before
granting new water abstraction consents for surface water or ground water, regional councils
must estimate how much water is present and how much of this water could be available for out
of stream use. In order to do this, the reliability of supply and the potential instream impacts (such
as on physical habitat for fish) need to be quantified. Due to the scarcity of direct measurements
of surface and groundwater flows across spatial and temporal scales that are suitable for
interpolation or extrapolation across a river system, regional councils must rely heavily on
numerical models. These models need to produce at least the natural river flows for each river
segment of interest for historic time periods and future conditions at relevant time scales (usually
hourly or daily). However, as no model is perfect, uncertainties on flow simulations need to be
estimated in order to ascertain the impact on any derived flow related value. In this paper, we
focus on the impact of uncertainty in simulated flow on derived values of reliability of water-take
and physical habitat for fish. This analysis is carried out using flow time series data and flow
duration curves (FDCs), as used, respectively, in NIWA’s CHES and EFSAP simulation tools. We
demonstrate that different approaches are required to quantify uncertainties on flow related
environmental values estimated by time series and FDCs.

Method
With any good flow simulation, information should be supplied on the uncertainty of the flow data.
Here, uncertainty is expressed as the probability distribution that indicates the likelihood of the
possible flow outcomes. In general, uncertainty stems from the underlying hydrological model but
also from input measurements, which can have an error up to 40% for flows at low flow. In
addition, the uncertainty can be quite different for different derived flow statistics. Larger
uncertainty bounds are associated with short time-scale-results such as flood characteristics (e.g.
Q2, Q10). However, central statistics such as the mean and median flows exhibit smaller
uncertainty bounds. From a purely academic viewpoint, if uncertainties of model inputs,
parameters and model structure are perfectly known and they are independent and normally
distributed, then error propagation methods can be used to determine the uncertainty on any
derived result of interest (using the law of propagation of uncertainty). However, in the general
case, error independence cannot be assumed, nor can errors be assumed to be normally
distributed. For example, when using an FDC to determine reliability of water take limited to, say,
90% of MALF, the input uncertainties are included the uncertainty of the FDC and the uncertainty
of the MALF – which may fail the independence test.
Several methods can be used to overcome this challenge. The Monte Carlo (MC) method uses
multiple realisations of model inputs that are drawn randomly from their distributions, so the
resulting set of model outputs can be seen as a random sample of the distribution of the output of
interest (Kennedy and O’Hagan, 2001). Thus, the MC method not only enables users to estimate
what could happen, but how likely it is to happen as well. The MC approach will be demonstrated
for determining uncertainties with estimates of water-take reliability and fish habitat predictions
using FDCs.
However, when using time series information instead of FDCs, the MC method might not be
practical due to computing constraints. In that case, sensitivity analysis methods (SA) can be
used. Sensitivity Analysis allows users to vary only one input variable at a time, within the domain
of its uncertainty, and the resulting change in output is related to the individual input uncertainties
(Saltelli et al., 2004) only. With this method, one can determine which of the input uncertainties
have the largest impact on the output uncertainty, hence determining which input uncertainties
could be neglected. This concept will be demonstrated to estimate the uncertainty of water-take
reliability using flow time series as the source of flow information.
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Results
Using FDCs to represent flow simulations, results will be shown for the uncertainty of physical fish
habitat (for adult brown trout) and for water-take reliability. Here the Monte Carlo method was
selected where the following input parameters (FDC, MALF and channel wetted width) had a
known uncertainty.
Sensitivity Analysis will be used for a daily time series spanning 40 years while investigating the
uncertainty in water-take reliability. Here, reliability (R) is defined as the proportion of time where
the flow is larger than the sum of minimum flow and total allocation. As a first step, the reliability is
simulated by using the best estimate of the flow time series as the input (QBE). In the second
step, the flow time series plus its known uncertainty (estimated, e.g., as flow standard deviation,
STD(Q)) is being used as the input (QBE + STD(Q)), and a resulting upper bound of water-take
reliability is determined. This is repeated by using the flow time series minus its known
uncertainty (QBE - STD(Q)), and a resulting lower bound of reliability is also determined.
Full results will be presented at the conference.
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SEDIMENT GENERATION AND TRANSPORT MODELLING OF TE AWARUA-OPORIRUA HARBOUR CATCHMENTS
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Sedimentation of Te Awarua-o-Porirua harbour has contributed to significant environmental
degradation over the past 150 years (Green et al., 2014), driven largely through radical changes
to land use within its catchment and modification of the harbour edge (PCC, 2012).
Previous sediment modelling for the Onepoto arm of Te Awarua-o-Porirua harbour (Cetin et al,
2016) has applied daily SedNet (dSedNet), a daily time-stepping spatially distributed sediment
budget model that operates as a plugin to the eWater Source hydrological modelling platform
(Freebairn et al. 2015). We have extended the dSedNet model to the Pauatahanui arm to model
daily and event sediment loads to the entire harbour system. dSedNet simulation of hillslope
erosion has been augmented with custom functions to simulate streambank and landsliding
processes, and timeseries inputs describing urban wastewater overflows.
The sediment modelling is part of a catchment modelling network that includes a hydrodynamic
model of the harbor. This network enables exploration of changes to sediment generation
sources, loads and deposition to Te Awarua-o-Porirua Harbour under a range of alternative
development scenarios for urban stormwater controls and rural land management.

Aims
To estimate in-stream suspended sediment concentration and daily suspended sediment loads to
Te Awarua-o-Porirua harbour receiving environment.

Method
A catchment-scale hydrological model of Te Awarua-o-Porirua harbour catchments was
developed based on REC subcatchment delineation and a mixture of urban (eg. residential,
commercial, industrial roofs and paved areas) and rural (e.g. sheep and beef farming, horticulture
and native forest) landuses to represent hydrological response units (HRU) within each
subcatchment. From each HRU runoff and sediment is generated and routed through a node-link
network to outlet points into the harbour.
dSedNet hillslope erosion rates are simulated based on the disaggregation by daily rainfall and
runoff of mean annual rates estimated using spatial a representation of the Revised Universal
Soil Loss Equation (RUSLE). GIS layers for the RUSLE K (soil erodibility), LS (slope length and
steepness), and C (cover-management) factors have been developed. We discuss the
development of the spatial RUSLE inputs and the component use of satellite imagery
classification with the Normalised Difference Vegetation Index (NDVI) to identify urban impervious
land covers and construction sites – a critical sediment source.
Similarly, streambank erosion rates are disaggregated by daily rainfall and runoff from mean
annual loads estimated following NZSedNet (Dymond et al., 2016). Daily streambank erosion is
simulated by a power function applied to the modelled flow within each second-order or greater
link during high flow events. Streambank erosion mitigation by riparian vegetation is accounted
for as a percent reduction based on literature. Methods for spatial representation of riparian
vegetation are presented.

Results
The performance of the combined modelled daily sediment loads from hillslope, streambank, and
landslide sediment sources are evaluated against observed instream suspended sediment (SS)
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loads. The sediment model yields comparable estimates of SS load with observed SS load,
achieving satisfactory to very good performance ratings for the Percent Bias statistic (Moriasi et
al. 2007).

Figure 1. Sediment model overview

Units of Measurement SI system
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ASSESSMENT OF VULNERABILITY AND RESPONSE CAPACITY TO FLOODS IN
BUENOS AIRES WITH LIMITED DATA
Ferligoj, Y.1 Hughes, M.W.1, Cochrane, T.1
1

University of Canterbury

Aims
The determination of infrastructure lifeline vulnerability and community response to flooding is a
significant aspect of hazards management. The availability of information, such as spatial and
non-spatial data characterising the built environment and population, defines how detailed
vulnerability assessments can be and how can they inform decision-making processes.
Flood risk areas in Buenos Aires city in Argentina have been identified geographically using
modelling software, and also investigated from a socioeconomic and political perspective by
analysing the level of income in those areas and management strategies (regulatory framework,
land use, flood control infrastructure). However, the relationship between flood risk, vulnerability,
potential damage and the city’s response capacity has not been analysed deeply. Furthermore,
the potential damage of properties and their contents has not been established as a function of
their use (residential, commercial, or industrial). Therefore, there is a need to examine flooding
vulnerability and the response capacity in Buenos Aires with limited available information. Even
though Buenos Aires socioeconomic statistics are publicly available, they need to be tabulated
and collated, while official data about flood impacts are nonexistent. The objectives of this study
are:
•
•
•

To determine the extent of community and infrastructure lifelines vulnerability to flooding
with limited information available.
To identify which factors have the greatest effect in increasing flood spatial vulnerability
and emergency response capacity.
To propose appropriate flood mitigation measures for current conditions and projected
flood impacts resulting from sea-level rise over the 21st century.

Methods
These objectives will be achieved by a flood vulnerability assessment in ArcGIS software, using
geographic data, depth-damage curves (Markau, H-J as cited in Sterr et al., 2005; Karamouz et
al., 2016) and a flood model. The flood model considers the effects of climate change in various
flood scenarios (1990, 2030, 2070) of different return periods (2, 5, 10 years). The vulnerability
assessment includes quantification of flood damage in different scenarios, and includes the
following aspects:
•
•

Structural and contents damage to residential, industrial and commercial properties;
Damage to infrastructure lifelines (e.g. road and electricity networks), and critical
facilities (e.g. hospitals and electricity substations).

The response capacity of the city is also evaluated. The proximity of flood-prone areas to key
infrastructure, such as fire stations and evacuation centres, is studied to identify which sites can
offer assistance, where evacuees can be relocated, or where emergency response agencies can
set up monitoring points.

Results
Current and projected flood risk affects 22.61% of Buenos Aires´ total area with flood depths
ranging 0 to 7 m. Flood-prone areas are characterised by high- to medium-population density,
with diverse income levels, including slums and deprived households.
Residential structural and contents damage and resulting economic losses are affected strongly
by floor area, land price and housing density. In some cases, land price and population density
balance each other, resulting in similar damage values.
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Effects on industrial activity are concentrated on storehouses, specifically in southern
neighbourhoods (Barracas, La Boca, Nueva Pompeya, Villa Soldati), where land price ranges
from low to medium-low but large floor areas increase damage values. Belgrano's high land price
increases structural and contents damage, even if industrial concentration is low in comparison to
other areas. Impacts on commercial properties are dispersed, situated mainly in Belgrano,
Palermo in the north and, Villa Soldati, and Barracas in the south. The main affected businesses
are garages, warehouses, clothing stores, vehicle workshops, and food and beverage retailers
(including markets and restaurants).
Differences between structural and contents damage differ mainly in building use category, as
this determines a property’s floor area and contents value, which represents a percentage of
structural value. The damage evaluation method used (Markau, H-J, 2003 cited in Sterr et al.,
2005; Karamouz et al., 2016) has a large influence on structural and contents damage results, as
estimated percentage damage at lower flood depths differs significantly between the two
approaches. Higher values were obtained using the approach of Karamouz et al., (2016)
compared to Markau, H-J’s method (as cited in Sterr et al., 2005). The 1 metre increments used
for modelling flood depths limit the accuracy of damage evaluation.
Regardless of property use category, impacts on structural and contents losses increase for each
flood scenario and recurrence period because of increasing flood depth. Contents losses are
greater than structural, as contents are less robust and more perishable. This is represented by
depth-damage curves that assign greater damage to contents than structures in each flood
scenario.
Impacts on the transport network, evaluated by the number of affected passengers and flood
duration, ranged from 1 to 8 hours; the analysis included disruption to the airport, rail and bus
services, and vehicles within the flood-prone areas and those from the suburbs entering the city.
Damage to bridges, highway on- and exit-ramps, electrical substations and mobile phone towers
will affect nearby populations and also those living outside the city that depend on the city’s
infrastructure lifelines and critical facilities. Therefore, flood effects on transport and key
infrastructure will result in delays and disruption of supply chains and connections to areas
outside the floodplain.
Risk management agencies and emergency response facilities become vital in preventing,
reducing and recovering from the damage previously described. The response areas of existing
fire stations cover much of the city. However, eight of them are located in the flood prone area,
which would make them inaccessible. The city’s capacity to accommodate evacuees is
insufficient as the number of evacuation centres seems limited. Other issues in the emergency
response include limited human resources and equipment, and scarce monitoring points around
the flood-prone area.
Uncertainty remains in these results as documented impacts from previous floods are not always
publicly available, local statistics are sometimes not comprehensive, and utilities’ service areas
are not specified so that the affected population cannot be determined accurately. Nevertheless,
the work presented here demonstrates the feasibility of using disparate data sets, combined with
reasonable assumptions and established modelling approaches, to provide preliminary damage
assessment estimates and identify potential improvements for emergency response plans.
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CLIMATIC TRIGGERING OF LANDSLIDES - WELLINGTON
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1
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Aims
Flooding and landslides resulting from a rainstorm event on 15 November 2016 caused
widespread disruption to the Wellington Highway Network. While flooding and slips occurred
elsewhere, the impacts were most significant north of Wellington; on SH1 from Paremata to
Pukerua Bay, and on SH58 from Paremata to Judgeford. This event, however, was simply the
‘entrée’ to over 1000 landslides which occurred throughout
Wellington during the winter of 2017.
This paper, from an analysis of both storm rainfall and
antecedent precipitation indices, shows that the landslides
were triggered by large accumulations of moisture in the
soil rather than the intensity of the rainstorm. While
antecedent precipitation indices may provide a simple,
cheap, real-time method of identifying the increasing risk
of slope failure, they do not indicate the actual trigger of instability.

Method
As a result of its dynamic tectonic environment, alternating climatic regimes, human modification
of the landscape, and location relative to the prevailing weather systems, Wellington is affected
by recurrent episodes of slope instability (McConchie, 2000). The majority of landslips are
surficial, weathering-controlled, debris slides involving shallow regolith and intensely jointed,
weathered greywacke (Eyles et al, 1978; Eyles, 1979; McConchie, 1980). The slopes most
susceptible to failure have been 'cut' for construction purposes, or are colluvially-filled bedrock
depressions which receive localised drainage; and are predominantly north-facing. A lesser
number of failures occur on slopes with a thick mantle of loess.
Periods of landslips in Wellington result either from wetter than usual winters (e.g. 1974) or
intense rainstorms (e.g. 20 December 1976). The role of water as the trigger in many of these
landslides is therefore obvious. This is confirmed by the number of failures at sites prone to the
rapid buildup of porewater pressures within the regolith or highly jointed bedrock. Perched water
tables develop during intense rain, leading to increased pore water pressures, reduced frictional
strength, and ultimately failure. Sites most prone to extreme fluctuations in pore-water pressures
are located in concave depressions which receive convergent drainage from upslope
(McConchie, 2000). Other failures, however, occur within the thick deposits of loess which
mantle many of the steeper, NW facing slopes. Slope form, and the development of positive pore
water pressures, are less critical to the failure of these slopes.
There appear to be three thresholds of rainfall above which serious slipping occurs in Wellington.
On "cut-and-fill" slopes modified for urban development, slipping occurs with either a four-month
rainfall between 750 and 800mm (susceptibility increasing towards the end of the wet period) or,
following relatively dry antecedent conditions, a 24-hour rainstorm of above 120mm. Natural
slopes under grass, scrub or forest appear to be more stable, and a 24-hour rainfall of 200 to
250mm is required to initiate slipping (Eyles et al, 1978).

Results
The rainstorm on 15 November followed a period of persistently wet weather. It rained on 19
days of September, 20 days of October, and 12 of the 15 days of November prior to the rainstorm
which triggered slope instability. Rainfall at those gauges closest to the landslides show that this
was the wettest November on record; with approximately 250% of the ‘normal’ rainfall. However,
while the total rainfall was high, the intensity of the storm rainfall was not unusual; with Average
Recurrence Intervals (ARIs) generally < 2 years. At the three sites reviewed in detail, only at
Whenua Tapu did the rainfall intensities over durations of 6, 12 and 24 hours have ARIs greater
than 2 years (i.e. 12, 20 and 7 years respectively).

88

Consequently, it was the cumulative rainfall that was the critical trigger of instability, rather than
the intensity of rainfall on 15 November. Various studies have used antecedent indices, as
measures of cumulative rainfall, to ‘predict’ the likely incidence of slope failures (Crozier, 1999;
Glade et al., 2000; Guzzetti et al., 2007). These studies, however, have not attempted to isolate
the actual mechanism of failure.

Figure 7:
2016.

Variation in rainfall and the antecedent precipitation indices leading up to the 15 November

Two antecedent indices suggest that the November rainfall was distinctive in the cumulative
rainfall, and persistently wet conditions, prior to the 15 November rainstorm (Figure 1). For
example, the peak SWS on 15 November had an ARI of 24 years, even though the daily rainfall
had an ARI of only 7 years.
Rainfall analysis therefore shows that these landslides were likely triggered by large
accumulations of moisture in the soil. It is likely that this reduced the ‘cohesion’ component of
shear strength. This failure mechanism is distinctly different to the development of pore water
pressures, which reduce the ‘frictional’ component of shear strength, which are more likely during
intense rainstorms.
The interaction of rainstorm characteristics, with the individual components of shear strength,
determines the actual trigger of failure, and therefore the instability of specific slopes during
particular climatic conditions.
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ZERO TO 400 M3/S IN 5 MONTHS
Suzanne Gabites,1,
1
Environment Canterbury
Low recharge winters, mixed with dry summers over the last two years lead to exceptionally low
flows in the Waikirikiri/Selwyn River. The lower reaches of the Waikirikiri/Selwyn River are
generally spring-fed during most times of the year. For the first time since Environment
Canterbury’s records at the site at Coes Ford began, the river dried up in February 2017. Locals
and hydrologists alike got very excited during back to back cyclones in April 2017 when the river
finally connected from the headwaters to Te Waihora/Lake Ellesmere. Full connection didn’t last
long as groundwater levels were still very low.
July 2017 brought significant rainfall across the whole catchment – from the contributing foothills
to the mouth at Te Waihora/Lake Ellesmere and the coast. Rainfall distribution across the
catchment showed sites received rainfall amounts with a 10-year return period up to amounts
with 50-year return periods in the Horomaka/Banks Peninsula hills.
Measurements carried out by our field team at the height of the flood on the 22nd of July gauged a
record 400 m3/s (approx.). Further gaugings were done as the river receded. The 400 m3/s is the
highest ever measured flow at this site, and far exceeds the previous highest gauging. As often
occurs following flood gaugings, this has resulted in a drastic change of the stage-discharge
relationship and will alter all previous high stage records/relationships. Using historical
information and an extrapolated extension to our rating curve, the August 2000 event produced a
supposed recorded flow of 674 m3/s. We now know this to be too high, as when it was measured
on the 22nd the river was bankfull.
Once the rating curve is updated, the flow record can be recalculated and new peaks for all
previous floods can be estimated. This is likely to have impacts on flood frequency work that has
been done on the Waikirikiri/Selwyn River at Coes Ford flood flows. The flood frequency analysis
will be redone once the data is available.
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IDENTIFICATION OF LOSING AND GAINING RIVERS IN NZ
Griffiths, J.A.,1 Jing, Y., 1 Zammit, C.L. 1
1
NIWA
Aims
Over the past four years a strategic aim of NIWA’s Freshwater Program (and more recently the
National Hydrological Program) has been to better characterise and document surfacegroundwater interactions in river systems across New Zealand. One way to do this is to identify
locations where rivers are known to interact with the regional groundwater (by either gaining or
losing water). After collecting this information in the south island, the most recent phase of work
has been to collect similar information in the north island.

Method
Meetings with a range of staff from north island regional councils were arranged to review existing
information and knowledge relating to the location of losing and gaining reaches within each
region. Experts from the fields of hydrology, geohydrology, environmental science and ecology
were consulted. NIWA’s river environment classification (REC2) was used as a framework to
capture spatial information and allow visualisation of river reaches in each region that were
classified as ‘gaining’, ‘losing’, ‘gaining and losing’, or ‘neither gaining or losing’. Information
relating to the location of spring lines, wetlands and other possible groundwater seepage areas
were also recorded.

Results
The level of detail relating to known surface-groundwater interaction in most regions was
relatively sparse due to limited observational data. For example, the extent of surfacegroundwater interaction was unknown in 94% of reaches (below 500 masl) in the south island,
and in 90% of reaches in the north island. Notwithstanding, the results of the study were
compared with predictions made using a regionalised model of surface-groundwater interaction
(based on information collected only in the south island). Figure 1 illustrates that whilst the
regional model was able to predict general patterns of observed groundwater interaction, there
were large areas of uncertainty due to sparse observation data. Figure 2 illustrates observed
locations of surface-groundwater interaction compared to predicted locations. Differences
between observed and predicted groundwater interaction are predominantly due to limited
representation of seasonality as many channels were observed to be gaining only in the summer
when groundwater recharge of rivers was occurring.
It is concluded that the collected information is a reasonable first estimate of the extent of surface
groundwater interaction across New Zealand. However, further monitoring and collaboration with
regional councils is required to improve the coverage and reliability of observed data, and thus
predictive models.
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Figure 1: Detail of Upper Hutt Valley: observed surface-groundwater interaction (left), and predicted status of
surface-groundwater interaction (right).

Figure 2: Detail of Upper Hutt Valley: observed surface-groundwater interaction (left), and predicted status of
surface-groundwater interaction (right).
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HAURAKI GROUNDWATER – LAGS, LOSSES, LINKS AND LEARNINGS
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Introduction
Groundwater related investigations are underway in the Hauraki/Coromandel area in support of
policy development for Healthy Rivers Plan Change 2. Drivers for a plan change include a
requirement for limit setting under the NPS, which may be influenced by the imminent Hauraki iwi
settlement. Links to the coastal environment are also relevant given the recent release of the
Hauraki Gulf Marine Spatial Plan. This notably includes the estimation of nutrient load to the Firth
of Thames. A focus on time lags and losses inherent in nitrogen transport in groundwater is part
of the work being undertaken and is described here. Radon surveys to characterise groundwater
input to streams are also briefly reported.

Water age and lag variation
A substantial number of groundwater samples (as well as spring and stream samples), have been
analysed for age estimation in the study area. These include about 40 samples from the Hauraki
Plains where age estimates ranged from 3.5 to 260 years mean residence time. Modelling was
undertaken by Wilson (2017) to estimate vadose lag time in the Hauraki study area. Effective
rainfall and PET were estimated by canopy interception modelling, a soil moisture balance was
calculated to estimate land surface recharge; unsaturated flow was modelled to estimate vadose
zone travel time and some saturated flow modelling undertaken to estimate the time taken for
water to penetrate into the uppermost aquifer layer. These were collectively used to estimate a
‘total travel time’. Modelling results predict vadose zone median transit times of 10.9 years, and
total transit times (allowing for groundwater mixing) of 14.6 years. The results are largely
influenced by the depth to the water table, so most of the Hauraki Plains has total predicted travel
times less than 10 years, and approximately half of the land below 50m elevation has transit
times of 1 to 2 years. Much of the land at higher elevations along the Coromandel and Kaimai
ranges has deep predicted groundwater levels, and total travels times estimated to be in excess
of 30 years (although very uncertain due to the relative lack of data in these higher areas). The
saturated (mixing) component of the calculations comprises around 26% of the total travel time.
The calculation of the mixing time enables the model results to be compared with mean residence
times derived from tritium samples. The model results are comparable to the tritium data, which
provides some confidence for transit time predictions less than 20 years.

Distribution of redox conditions
The distribution of redox conditions in the Hauraki area is reflected in the concentrations of nitrate
and ammonia along the plains. Higher nitrate concentrations occur to the south while toward the
north nitrogen more commonly occurs in the ammonium form. Nitrogen attenuation in
groundwater is dependent on there being conducive, anaerobic conditions and available electron
donors. Experience with tracer testing in the Waikato Region has shown that where dissolved
oxygen concentrations are sufficiently low, nitrate-nitrogen will almost invariably be attenuated.
Close (2016), used linear discriminant analysis and GIS to predict the spatial distribution of
reduced groundwater zones and hence where denitrification may occur in the Hauraki study area
(including Coromandel). Overall the shallow and medium depth predictions indicated similar
patterns of oxic, mixed and reduced groundwater, with the overall amounts being approximately
40%, 10%, and 25% for the oxic, mixed and reduced redox state groundwater respectively. This
work suggests that, in general, nitrate-rich shallow groundwater is more likely to encounter

93

reducing conditions in the Hauraki catchment than in the Coromandel area where oxic conditions
predominate.

Radon surveys
Groundwater surface-water interaction has been investigated at several locations in the Hauraki
study area using radon surveys. Concurrent gauging was undertaken for some surface water
surveys. Previously reported investigation in the vicinity of the Blue Spring on the Waihou River
showed substantial groundwater inflow which could be traced to a two kilometre reach. A radon
and water quality survey carried out on the lower Piako River near Ngatea indicated very little
groundwater inflow. This was subsequently supported by gauging across a tidal cycle. Surveys of
radon and basic water chemistry were also undertaken along the Waitoa River, Piako River and
Oraka Stream in 2016 and 2017. The radon results were used to direct subsequent flow gauging.
Radon concentrations along the Waitoa River ranged from 0.2 to 1.4 Bq l-1 and along the Piako
River from 0.1 to 0.5 Bq l-1 with the exception of one site. This site, which is in an area of Kiwitahi
andesite geology had a concentration of 2.2 Bq l-1. Concurrent flow gauging was only carried out
in the Oraka Stream, which had radon concentrations between 0.2 and 2.3 Bq l-1. Some
coincidence was noted between higher radon concentrations and relatively higher estimated
specific discharge increments.
Radon was also analysed in 16 groundwater samples in 2017. Concentrations ranged
substantially from 2.7 Bq l-1 to 171.5 Bq l-1. There was a marked difference between radon
concentrations in alluvial sediments (mean of 3.9 Bq l-1) and those in hard rock formations (59.5
Bq l-1). The highest concentration exceeded the drinking water radiological guidelines and
required further testing, including at the point of use. Air quality testing was also carried out,
which showed elevated but not excessive radon concentrations.
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THE ROLE OF THE OFFSET IN OPEN CHANNEL RATING EQUATIONS
Stuart Hamilton,1
1
Aquatic Informatics
There are many methods for producing discharge data but the use of stage as a predictive
variable has proven to be the most reliable and cost effective option for the vast majority of
locations where stream gauging is needed. It is advantageous for hydrographers to have a strong
understanding of the conceptual linkage between local site conditions, specifically channel
geometry, and the form of their rating curves. This understanding contributes to monitoring
efficiencies, effectiveness and satisfaction (i.e. it is far more rewarding to develop ratings that
withstand the test of time than to be forever making unexplainable adjustments). This paper is
written to support hydrographers in understanding the connection between gauge data, hydraulic
control conditions and hydraulic principles when developing ratings for open channel flow.
The rating equation (eq 1) uses a coefficient (C0), an offset (e), and an exponent (a) to derive
discharge (Q) from stage (H):
(1)
Q = C0(H-e)a
This equation is unique to a segment of the channel, which must be uniform with respect to shape
(represented by the exponent) and with respect to factors affecting scale, energy gradient and
hydraulic friction (represented by the coefficient). The offset is a height adjustment that
represents the base elevation for each control (i.e. the origin of the curve segment). Complex
channels can be represented as a composite curve with each unique segment having a
hydraulically meaningful coefficient, offset and exponent.
The height offset provides both a measure of hydraulic head and a common origin for the
relationships of stage with area and stage with velocity, which is an essential precondition for
linking cross sectional analysis to basic hydraulic principles. The identification of the height offset
is straightforward for flow over engineered structures or over natural features that are effectively
similar to an engineered structure. However, even then, the control feature is typically only in
effect at low flow, not over the full range of flow. In many open channels there will be a controlling
elevation at a height where the depth and area are greater than zero (e.g. Figure 1).
The key to resolving an open channel rating curve is to make skillful choices for curve
segmentation. The rating curve coefficient and exponent are readily discoverable by fitting of
straight lines for each segment in shifted log space by means of calibration of the height offset.

Aims
To demonstrate how understanding of the role of the height offset can help in identifying the
linkage between a rating curve and fundamental hydraulic principles.

Method
A desirable configuration for hydrometric stations is to position the gauge in a pool upstream of a
riffle in the channel. This has the advantage of partially stilling the velocity over the sensor,
effectively partitioning more of the energy as potential energy (pressure head) rather than kinetic
energy (velocity head) and ensures that the sensor is somewhat protected and submerged over
the full range of flow. However, in many channels the effective height of the control is not readily
identifiable which means the effective control elevation has to be discovered by calibration. The
cross sectional depth and area below the effective control elevation (as illustrated in figure 1) are
not relevant to hydraulic analysis of the rating. By the principle of continuity, discharge at the
gauge can be related to discharge through the controlling reach but a correction has to be made
for the portion of the cross section that is not effectively contributing to flow.
The area, hydraulic radius (i.e. a measure of mean depth, hence hydraulic head) and velocity that
are effective for channel control must be calculated. Effective area (Af) is A-Ae, where Ae is the
area below the height offset. Effective hydraulic radius (Rf) is R-Re, where Re is the radius below
the height offset. Effective velocity (Vf) is discharge divided by effective area Q/Af. Because of the
common origin, effective stage (H-e) can be related to effective hydraulic radius by the use of a
simple coefficient, hence Rf = C1(H-e).
Discharge is the product of effective velocity multiplied by effective area, both of which can be
represented as simple functions of effective stage: Af = C2(H-e)b and Vf = n-1S0.5C10.67(H-e)0.67,
where the function for effective velocity is recognizable as the Gauckler-Manning equation
modified to use effective stage instead of hydraulic radius.
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The product of these two functions: AfVf =C2n-1S0.5C10.67(H-e)b+0.67 can readily be simplified to the
form of the rating equation (eq. 1). Once the height offset is known the rating will plot as a straight
line on a log-log plot after an adjustment is made to the ordinate axis (i.e. the stage dimension)
scaling for the offset value, which essentially plots hydraulic head versus discharge. Once the
height offset is known then the other factors in the rating derivation can be investigated for
agreement with hydraulic principles. Of particular interest is the exponent (b) from the function for
effective area. The value of b will be 1 for a rectangle, 1.5 for a parabola and 2 for a triangle.
Whereas natural channels are not expected to have perfect geometry, the true exponent is
discoverable from cross sectional analysis and can therefore be used to validate that the selected
offset value results in a calibrated rating exponent that is consistent with hydraulic principles.

Results
A rating curve was developed for the WSC gauge at Thompson River at Spence’s Bridge (Figure
1) using the technique of iteratively adjusting the offset to linearize the gaugings in shifted log
space. The choice of offset was tested by using it as a basis for calculation of effective area and
effective velocity. Curves were fit to the effective area and velocity data (Figure 2). The product of
the velocity (Vf = 0.829[H+1.162]0.67) and area (Af = 79.5[H+1.162]1.118) functions resulted in a
rating curve (Q = 65.96[H+1.162]1.788) that was in very close agreement with the initial calibration.
It should be noted that using uncorrected radius and velocity for this section results in a
relationship that cannot be reconciled with the Gauckler-Manning equation. The Thompson River
was chosen to illustrate the concept at a location where there is a stable control with a uniform
curve well supported by many gaugings. The same concept has also been tested in locations with
more complex and unstable ratings with similarly good confirmation of the value provided by
focussing attention on making optimal choices for curve segmentation and offset calibration.
Figure 1 A cross section showing the depth and area not actively contributing to flow below the height offset
(blue line) and the corresponding rating curve

Q = 65.96 (H+1.162)1.788

Figure 2 Plots of the effective velocity and effective area as a function of effective stage. The product of
these two curves yields the equation of the rating curve for the station

Vf = 0.829 (H+1.162)0.67

Units

of

Af = 79.5 (H+1.162)1.118

Measurement
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WATER QUALITY MODELLING USING MACHINE LEARNING
Touraj Fahramand,1 Stuart Hamilton,1
1
Aquatic Informatics, Vancouver, BC Canada
Water, of sufficient quality, must be available to support a wide variety of social, economic and
ecological services. Water managers, therefore, require specific knowledge of the relevant
qualities of water for many reasons. Some qualities (e.g. temperature) are relatively easy to
monitor continuously using in-situ instrumentation. However, many qualities (e.g. nutrients,
pathogens, and toxins) can only be accurately measured in controlled laboratory conditions. For
these parameters, samples are taken in the field and transported to a laboratory for analysis.
There are two problems with reliance on sample data for water management: 1) there can be a
considerable delay between when the water is sampled and when the results of analysis are
available for use; and 2) the underlying variability of the quality of interest is under-sampled,
resulting in poor understanding of trends, cycles and transient peaks in the data. These problems
can be resolved by using models to predict the parameter of interest using the instrumental
records as predictor variables. Multi-variate regression models are commonly calibrated using a
statistical loss function to optimize data goodness of fit. Confidence in this category of model has
been mixed resulting in a relatively low rate of adoption of modeling in the water quality
monitoring community. An alternative modeling approach is proposed that uses probabilistic
Machine Learning (ML). This framework provides results that are complete with an estimate of
uncertainty both from aleatory (i.e. inherent noise in the measurements due to probabilistic
variability) and epistemic (i.e. limited knowledge/observation and lack of information) uncertainty
sources, which can improve confidence in the results for management purposes. Time is an
active dimension in the model revealing dynamic response patterns. With these advantages,
robust, reliable water quality modelling can, and should, be a tool used by every water quality
monitoring agency to extend and amplify the usefulness of their data.

Aims
The aim of this project is to investigate the use of a probabilistic machine learning approach for
predictive models for water quality parameters, complete with uncertainty estimates.

Method
A probabilistic Machine Learning (ML) technique is investigated for the purpose of determining
the relationship between parameters that can be continuously monitored (predictors) and
parameters that can only be known by off-site analysis (the predictand). The two primary goals of
the system are: 1) to explore and create information, specifically to find the most relevant
predictor inputs and understand the correlation between predictors and the predictand and 2) to
create timely, continuous predictions complete with quantified uncertainty. Pre-processing of the
data prepares it for the generation of hypotheses which are tested by the data. Through an
iterative process the machine learns about the system and creates a predictive model complete
with uncertainty.
To better represent uncertainty in the modelling framework a Bayesian approach using a
Gaussian Processes (GP) ML algorithm is used. GPs are powerful stochastic processes used for
building nonparametric, nonlinear and multivariate predictive models (1) providing the mean and
variance of the predicted values. A prototype web application tool that connects to a cloud server
running a modelling and computation engine has been developed to represent how a user would
be able to explore/review and select input data and ML model types (linear or nonlinear). This
system, named Delta, connects to an AQUARIUS database also running in the cloud.
The end-user can investigate predictors and load data (both samples and time series) from the
AQUARIUS database. The user can consider goodness of fit considering both under-fitting and
over-fitting issues to rank model candidates. The tool supports multi-dimensional models with
both 3D surface plots and 2D slices through n-dimensional hyperspace. Delta also plots and
reports derived water quality parameters as a continuous time-series with confidence bounds. In
addition to water quality modelling, the Delta prototype has also been tested for building stagedischarge and index velocity rating models (2).
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Results
The outputs from Delta for a total nitrogen modelling scenario using turbidity as a predictor at a
USGS site “Little Arkansas River near Sedgwick” in Kansas are discussed and compared to the
USGS model derivations available at the National Real-time Water Quality site
(www.nrtwq.usgs.gov). Delta can produce a model that includes time as a variable and
represents the results as a 3D surface (Figure 1). Delta can also produce 2D slices (aka rating
models) with uncertainty bounds of the 3D model at a certain time or certain level of turbidity
predictor. It can produce continuous predicted/derived time-series for the target water quality
parameter with uncertainty bounds (Figure 2). The comparison against the USGS prediction is
also shown in figure 2.
Figure 1 Time dependent
model showing the surface of
total nitrogen to turbidity data
pairs as the relationship varies
through time. Total Nitrogen is
on the y-axis, turbidity is on the
x-axis and time is on the zaxis. The shading of the dots
(used for model training) and
squares (used for testing)
indicates whether the sample
data are above, below or
intersecting the surface. An
annual cycle for total nitrogen
is readily apparent in this view.

Figure 2 Predicted total nitrogen with uncertainty bounds for both USGS model (parametric model with
periodic component with last manual calibration 2007) and Delta (non-parametric GP model with online
calibration). Blue circles are field visits used for model training and green squared for testing.
References
(1) Rasmussen C. E. & Williams C. K. I., Gaussian Processes for Machine Learning, the MIT Press,
2006
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(2) Hamilton, S. & Farahmand, T., Deriving Continuous Discharge Complete with Quantified
Uncertainty using Index Velocity Observations: A Probabilistic Machine Learning Approach. Water
Infrastructure and the Environment, 2016.
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DEALING WITH DATA DEFICIENCY: IN-FILLING SPARSE ABSTRACTION TIME
SERIES
Hemmings, B.1, Moore, C.1, Knowling, M.J.1, Jenkins, B.2
1
GNS Science
2
Waikato Regional Council
Aims
Water resources are often allocated under the assumption that actual water consumption will be
some percentage, up to 100% of the consented abstraction rate. Providing that consented
volumes and rates are sustainable, this approach allows for effective resource management
without the need to monitor the actual water-use related to each allocation. While water metering
of consented abstractions is currently being introduced in most regions across New Zealand, the
estimation of historical consumption rates is challenging. The lack of actual water-use data
presents a significant data deficiency, especially when attempting to relate real world
observations to an actual system state and its associated stresses, e.g. through numerical
modelling.
Numerical groundwater models are increasingly used as a basis for supporting water-resource
management decision-making. In this context, model calibration through matching model results
to field observation has become a standard procedure. However, in the absence of an accurate
description of system stresses (e.g. water abstraction), other model parameters, such as
hydraulic conductivity, will assume compensatory values in order to match observations; this
diminishes our ability to make reliable predictions and reduces the models suitability as a
decision-making support tool.
In this study, we formulate and discuss a general method for generating more complete water
abstraction estimates, where metering data is incomplete. We aim to produce a more spatially
and temporally complete estimate of actual water usage. This method can account for different
usage behaviour associated with consent type, location or other factors such as date of consent.

Method
Figure 1 outlines our work-flow for estimating water usage from consent information and
incomplete metered water-use data-sets. Our approach relates temporally and spatially sparse
abstraction data to a more complete consent database. Consent data may consist of start and
end dates, location, water-use type (e.g. irrigation, municipal supply), as well as a maximum
consented volume or maximum consented rate, sometimes discretised by time (e.g. monthly).
Water-use data-sets are generally time series, derived from metered abstractions. A critical step
of this method is relating n available water-use data-sets, with the appropriate time discretisation,
to m allocated consents. From this we can calculate the fraction of consent used (usage factors)
for each metered data-set. These can be presented as n time series, one for each metered dataset.
Using expert knowledge for the area of interest (e.g. knowledge of areas where abstraction
behaviour is expected to be similar) the n usage factor time series and the m consents can be
categorised into groups of similar expected usage behaviour (e.g. seasonal abstraction vs
consistent year-round abstraction). The statistics associated with usage factors within each group
are assessed, and representative time series of group usage factors are calculated, together with
a representative time series for the global distribution of usage factors. The m consents are
scaled by the usage factor time series for the appropriate group, to produce a comprehensive
data-set of m estimated usage time series, one for each consent. For the n consents with
available metered data, the resulting water use estimates can be compared to the metered data,
allowing systematic misfit to be identified. Groups and averaging mechanisms can be adjusted to
reduce any systematic misfit.
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Results

We present an example for a 3,626 km2 catchment in North Island, New Zealand, with a superset of 2600 (m) maximum monthly usage rate consents and a sub-set of just 260 (n) metered
time series. The consents and metered time series are divided into 8 groups based on consented
use type (ground water and surface water abstraction for irrigation, horticulture, municipal supply
and dairy stock water). The resulting estimated usage time series provide a more complete
spatial and temporal distribution of water usage within the catchment. We compare usage
estimates resulting from this method, to assuming usage as a percentage of consent allocation,
and to using solely the available metered data record. We also explore the misfit between
estimated usage and metered usage for the 260 consents with time series data.
While consent-wide metering is optimal, by incorporating all the available data within the area of
interest, this method allows for a more comprehensive estimate of usage. This is useful where the
metered data record is incomplete but knowing the actual stresses on the system are important,
as is the case when using numerical model calibration to support water management decision
making. The method can be tailored to best suit the nuances associated with different catchment
hydrology, water-use behaviours, and resource allocation regimes in different areas of interest.
Figure/Table

Collate
consent
data

Collate
measured or
metered
data

Define
consent
groups

Split
factors into
groups

Relate
consent &
metered data
Calculate
usage
factors

Split
consents

Apply group
average factors
to consents
Time series
for each
consent

Figure 8. Workflow for estimating usage time series in the absence of complete metered
data.
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HYDROGEOCHEMICAL COMPOSITION OF SOUTHERN ALPS RIVERS:
COMPARISON BETWEEN BED AND DISSOLVED LOADS
Sophie L. Horton,1 Sarah M. Mager1 and Simon C. Cox2
1
University of Otago
2
GNS Science
Aim
The products of denudation are transported through river systems in three ways: bedload,
suspended material, and dissolved load, but, the ratio of each component to overall catchment
lithology are uncertain; and there is evidence in the Southern Alps of New Zealand that bedload
composition is not representative of overall catchment lithology. The focus of this work is to
assess to what extent the dissolved load and suspended material in rivers represent the ‘missing
portion’ of overall catchment lithology that is not represented by bedload.

Method
Forty rivers across the Southern Alps were sampled under base flow conditions to characterise
the chemical constituents in the dissolved load. Samples were collected near the mouths of the
catchments, above any tidal influence, and analysed for major and minor chemistry to determine
geochemical facies for different portions of the Southern Alps. The mineral composition of sand
samples was determined using a combination of portable XRF analysis, and validated with
selected XRD analysis. Major anions (F, Cl, S, Br) were determined using ion chromatography,
and bicarbonate by titration and mass balance calculations. Major cations (Na, K, Mg, Ca, Si) and
trace elements (Al, B, Ba, Fe, Li, Mn, Sr, Zn) were determined using inductively coupled plasma
optical emission spectroscopy. Geochemical facies for the catchments were grouped using
Hierarchical Cluster Analysis to determine discrete hydrochemical facies for different sections of
the Southern Alps. Catchment characteristics were derived using ArcGIS to develop a
geostatistical model to assess whether specific factors, such as slope, ice cover, and geological
composition could be used to predict dissolved load composition; and validated from the collected
samples. To estimate the mean flux of dissolved material, the concentrations of ions were
multiplied by modelled mean annual discharge for each catchment; however, these fluxes
represent the combined contribution of rainfall and the dissolved products of chemical
weathering. The intent of this research is to provide a framework that can remove the rainfall
component of catchment inputs to predict more accurately the erosional products of Southern
Alps river catchments.

Results
Preliminary analysis for bedload composition (for coarse sand) in the Southern Alps ranges from
60%-80% for SiO2, 7%-20% for Al2O3,1%-35% for K2O, and 0%-5% for CaO. The
Hydrogeochemical facies for the dissolved load, however, is comprised principally of calcium
bicarbonate (Ca-HCO3) type waters. Bedload mineralogy compared to dissolved load chemistry
comprises different abundant elements; the primary constituent in rocks is Si, whereas the
highest concentration in dissolved load is calcium carbonate (CaCO3), contributing an average
63% of relative molar abundance in west coast rivers. The next phase in analysis is to compare
bedload sediment mineralogical composition, dissolved load mineral composition to catchment
lithology, and assess whether the combination of the two products represents the chemical
composition of respective catchments. Ratios of dissolved load minerals, for example Si:Al, differ
markedly from bedload ratios; which are driven predominantly by exogenic influences because Al
is mostly insoluble in stream water (Fig.1). It is possible that the mismatch between the
mineralogical composition of bed and dissolved load, relative to catchment lithology may reflect
variable differences in denudation products being produced within a catchment, or highlight
preferential weathering attached to hydrological networks, or activity of erosion within
subcatchments that dominate the supply of weathering products to steep alpine rivers.
Figure 1: Cross plots indicating the relationship between silicon oxide (SiO2) and aluminium (Al) in
the dissolved load of 24 west coast rivers (left), and silicon oxide and aluminium oxide (Al2O3) in
the bedload of the same 24 rivers (right).
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THE HYDROLOGICAL RESPONSE OF A HEADWATER CATCHMENT
CONVERSION FROM GRAZING PASTURE TO PLANTATION FOREST

TO

Andrew Hughes1, Lucy McKergow1, John M. Quinn1
1
National Institute of Water and Atmospheric Research
Background
Plantation forestry is an important land use in New Zealand and is often used a way to improve
economic returns, reduce erosion, improve water quality and increase carbon sequestration from
degraded agricultural land. While the planting of such areas may be effective at delivering these
environmental benefits, it can also have significant effect on stream hydrology that may have
implications on the availability of stream water for downstream uses including by humans (water
abstraction) and instream biota. Paired catchment studies are often used to determine the stream
hydrology response to changes in land cover such as the conversion of pasture catchments to
forestry (Brown et al., 2005). Published accounts of such studies within New Zealand catchments
are, however, relatively uncommon and were mostly published several decades ago (e.g.
Duncan, 1995; Fahey and Jackon, 1997; Beets and Oliver, 2007).
Here we present the finding of the hydrological response (changes in yield, low flow and high
flows) in response to the planting of P. radiata forest on a previously sheep and beef grazed
pasture headwater catchment in the Waikato region. The experimental catchment (Mangaotama;
268 ha) is located within the former Whatawhata Research Station (WRS). A control catchment
(Whakakai; 311 ha), is located within a forest reserve immediately adjacent to the former WRS,
and is entirely indigenous regrowth forest (broadleaf/podocarp) and has been largely undisturbed
by human activities for over 80 years.

Methods
Prior to 2001 the Mangaotama catchment was ~99 % ryegrass-clover pasture and was a
rotationally grazed mixed sheep and beef cattle grazing system. In 2001 the ~60% of the
catchment was planted with P. radiata forest. The forest was initially planted at a stem density of
~1250 stems ha-1. Thinning at Year 8 reduced stem densities to ~700 stems ha-1 A second phase
of thinning at Year 10 reduced stem densities to ~340 stems ha-1.
Stage height was measured (at 15 minute intervals) near the outlets of both catchments since
1994. Stage data was converted to discharge flow using stage-discharge ratings based off stream
gauging data. Flow data management and statistical analysis was carried out using TIDEDA
hydrological management software.

Results
Between 1994 and 2002 the Mangaotama catchment generated more runoff (median runoff
difference = +81 mm) than the forested Whakakai catchment. From 2003 through to 2016 this
pattern reversed and the Mangaotama catchment consistently generated less runoff (median
runoff difference = −123 mm) than the Whakakai catchment. Between 2003 and 2008 the
difference in runoff between PW5 and NW5 gradually increased before peaking at a maximum
difference of −320 mm in 2008. Between 2009 (the first year of forest thinning) and 2012 the
difference in runoff between the sites reduced to a minimum of −64 mm in 2012. Between 2011
and 2016 the difference in runoff between the two sites was largely less than −100 mm.
The Mangaotama catchment consistently produced lower mean annual 1-day flows than the
forested Whakakai catchment over the study period. During the pre-planting period (1994-2001)
the Mangaotama catchment produced a median of ~1.5 L s-1 km-2 less than the Whakakai
catchment. During the post-planting period (2002-2009), this increased to a median ~2.4 L s-1 km2 less. During the post-thinning period (2010-2016) the median increased back to pre-plantation
forest levels (~1.4 L s-1 km-2 less).
The flood peaks in the Mangaotama catchment during the pre-planting period were up to ~50%
larger for a given AEP than during the post-planting period. For the more frequent (higher AEP)
events there was little difference between the flood peaks for a given AEP. In the forested
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Whakakai control catchment the pattern was reversed with flood peaks being marginally larger for
a given AEP during the post-planting period than during the pre-planting period.
References
Beets P.N., Oliver G.R. 2007. Water use by managed stands of Pinus radiata, indigenous
podocarp/hardwood forest, and improved pasture in the central North Island of New Zealand. New
Zealand Journal of Forestry Science 37: 306-322
Brown, A.E., Zhang, McMahon, T.A., Western, A.W., Vertessy, R.A., 2005. A review of paired catchment
studies for determining changes in water yield resulting from alterations in vegetation. Journal of
Hydrology 310, 28-61.
Duncan, M.J., 1995. Hydrological impacts of converting pasture and gorse to pine plantation, and forest
harvesting, Nelson, New Zealand. Journal of Hydrology (NZ) 34, 15-41.
Fahey, B.D., Jackson, R. (1997) Hydrological impacts of converting native forests and grasslands to pine
plantations, South Island, New Zealand. Agricultural and Forest Meterology, 84: 69-82.

105

AN INTEGRATED APPROACH TOWARDS UNDERSTANDING WATER FLUX AND
HABITAT QUALITY THROUGH THE POOL BURN
Henrietta A. Jackson,1 Sarah M. Mager1
1
University of Otago
Aims
As New Zealand’s freshwater environments become increasingly scrutinised for deteriorating
quality and reduced flows, pressure has been exerted on regional authorities to enforce
sustainable management of water bodies. Pressure is especially pertinent across catchments in
Otago, where deemed permits and mining privileges will cease to exist by the end of 2021. A
catchment of this nature is the Pool Burn, a channelised tributary of the Manuherikia River in the
Maniototo. The longitudinal and seasonal trends of key hydrologic parameters of the Pool Burn
have not been extensively studied, thus the research aims to understand the water flux through
the reach and the subsequent impacts on stream and aquatic health. Variations in discharge and
stage as well as surface water gains and losses to groundwater are considered important
indicators when quantifying water availability. Additionally, the variability in geometry and
morphology as well as water quality parameters, which could influence flow and habitat
availability respectively will aid in the development of an integrated understanding of the
hydrological behaviour of the Pool Burn. Where water abstraction for irrigation and preservation
of native fish species serve as two main values within the catchment, the outcome of the study
aims to inform water users of potential management options to ensure water availability both
longitudinally and seasonally.

Method
An empirical approach was adopted for this study, where data was collected across the
catchment over a year time frame, beginning in October 2016. Seven sites were established
down the main stem of the Pool Burn, separated by approximately 2–6 km. Sites were
distinguished based on variation in morphology, to observe for any changes in the flow regime
based on variations in width and depth. Pressure transducers were installed at each site,
recording hourly water level and temperature. Additionally, monthly visits to the catchment were
carried out, completing discharge gauging and water quality sampling. Water samples were
tested for major and trace elements, and dissolved nutrients, including; nitrate, ammonium, silica
and phosphorous. It is envisaged that as the study progresses the IFIM approach will be applied
to the data to understand sections of the Pool Burn that are potentially adverse for the habitats
present within the stream, which will essentially provide an overall understanding of the status of
the reach.

Results
Preliminary results highlight an usually wet irrigation season in comparison to other summer
periods. Flows did decline later in the season, reaching a minimum flow at Ophir of 1.7 m3 s-1 in
early March. In comparison to other irrigation seasons (October–April), the region experienced an
average monthly rainfall of 45 mm, the third highest in the last 10 years. Consistent variations in
discharge were also evident over four time periods (January–April), where longitudinal trends in
this parameter could suggest some potential surface water gains and losses in the reach (Fig. 1).
When taking in to account the influence of pumps and tributaries, it is clear there is a decline in
discharge from approximately 16 km downstream to the final site of the reach, situated 750 m
from the confluence with the Ida Burn. Further analysis will attempt to quantify the potential
influence of pumps and loss via evapotranspiration, but it is also important to consider gains to
the catchments, which will be identified via water quality data and radon sampling.
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Figure 1: Longitudinal trends from discharge gauging measurements at the seven selected sites
downstream of the Pool Burn. Data included from the January, February, March and April sampling trips.
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DRY CARDRONA? UNDERSTANDING THE SURFACE-GROUNDWATER
EXCHANGE OF THE CARDRONA RIVER, CENTRAL OTAGO
K L Jackson,1 S M Mager1
1
Department of Geography, University of Otago, Dunedin
Aims
The Cardrona River flows north-east from the Crown Range to its confluence with the Clutha
River/Mata-Au, just south of Wanaka in Central Otago. Most of the river flows through a relatively
steep river valley before it enters the Wanaka Basin, where the gradient drops as it flows across
an incised alluvial fan. The valley landcover is mostly indigenous tall tussock (Chionochloa
rigida), with a small village in the middle of the valley and low intensity farming in the lower
catchment. During summer, the lower reach experiences regular surface disconnection. Water
has been abstracted from the river since the 1860s Central Otago gold rush (Mitchell, 1953), and
river water is now used for irrigation, drinking water and a ski resort. Due to the history of
abstraction and size of the catchment, the nature of this disconnection is not very well
understood. By conducting a field sampling scheme including discharge gauging and chemical
analysis, this project aims to understand the longitudinal hydrology of the Cardrona River, with an
emphasis on the surface-groundwater interaction and water chemistry.

Method
Ten field trips were conducted over a sampling period of March 2016 to February 2017.
Sampling sites included 16 along the main trunk of the Cardrona, from upstream of the town and
abstractions to the confluence with the Clutha/Mata-Au; the two largest tributaries, Branch Burn
and Spotts Creek; a groundwater bore located in the mid-valley; and two rainwater collection sites
located in the upper and lower valley. Samples were analysed for major and trace ions, the
stable isotopes of water (2H and 18O) and sulphate (34S and 18O), and unstable isotope of radon
(222Rn). The chemical analytes were used as environmental tracers to identify areas of
groundwater exchange with the river, and to improve understanding of the longitudinal chemistry
of the catchment.
Discharge gauging was conducted throughout the sampling period using the velocity area method
and six pressure-transducer water level loggers were installed in June 2016. The gauging and
water level data were used to calculate rating curves for the six locations, ranging across the river
sites to give flow records of the Cardrona at multiple locations downstream.

Preliminary Results
With each sampling trip, a persistent longitudinal discharge pattern was observed of increase
down the valley, and decrease over the Wanaka Basin before a slight regain just before the
confluence with the Clutha/Mata-Au. The Cardrona River chemistry is dominated by calcium
carbonate, which is typical of the Otago Schist terrane. There was little seasonal variation
observed in the major chemistry of the surface water, despite noticeable differences in the
groundwater concentration of sodium and chloride during at least winter and spring (Figures 1 &
2) and the channel drying occurring during the February sampling trip. As there was no clear
difference in the water chemistry before and after channel disconnection, the major chemistry
could indicate the presence of a subterranean river corridor with subsurface flow returning to the
channel, rather than influent groundwater. However, the similarity in groundwater and surface
water chemistry observed, particularly in summer (see January and February in Figure 2), makes
such a conclusion based off this chain of evidence alone unsubstantial, necessitating the other
methods used in this study.
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Figure 9: Piper diagram showing major chemistry of the Cardrona River in the upper, mid and lower
valley and on the Wanaka Basin groundwater from a bore located in the mid-valley during sampling
trips of 16-17 June, 15-16 October, 3 December 2016 and 21 January and 27 February 2017
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SPATIAL TARGETING OF MITIGATION STRATEGIES TO ACHIEVE FRESHWATER
TARGETS WHILE MINIMISING PRODUCTION LOSS.
Jackson, B. M.,1 Metherell, A. K.,2 Trodahl, M. I.,1 Miller, K.1
1
School of Geography, Environment and Earth Sciences, Victoria University of
Wellington.
2
Ravensdown Limited, Christchurch.
Aims
LUCI (the Land Utilisation and Capability Indicator) is a decision support framework evaluating
the effect of current and future management on flood mitigation, water supply, greenhouse gas
emissions, biodiversity, erosion, sediment and nutrient delivery to waterways, and agricultural
production. LUCI conveys this information through spatial maps and other outputs.
Regulation on water quality places land managers under pressure to reduce nutrient losses to
waterways while retaining profitability and production. Recent work has focused on enhancing
LUCI’s ability to predict water quality outcomes given a range of farm environments and
management practices, and to quickly target where management interventions could improve
water quality while minimising productivity loss.The overall aim is to provide a decision support
tool identifying opportunities for cost-effective nutrient mitigation on farms.

Method
LUCI contains a variety of algorithms exploring how land use and management impact a range of
landscape provisions including flood mitigation, water supply, greenhouse gas emissions,
biodiversity, erosion, sediment and nutrient delivery to waterways, and agricultural production
(Jackson et al., 2013, Sharps et al., 2017). Such provisions are a function of both the biophysical
properties of individual landscape elements and their configuration. Both are respected in LUCI
where possible. Hydrology, sediment and chemical routing algorithms are based on physical
principles of hillslope flow, considering the storage and permeability capacity of elements within
the landscape and honouring physical thresholds, mass and energy balance constraints and
spatially explicit topographical routing (Robinson et al., 2013). The full potential of this approach
has not been realised in the past due to deficiencies in evidence underpinning sediment and
nutrient generation at points in the landscape.
Earlier versions of LUCI therefore inferred sediment and nutrient loads from simple land cover
based export coefficients (Trodahl et al., 2017). New methods that also account for soil type,
slope, management, and climate among other factors have now been developed, trained off a
combination of data and other models. This new and more nuanced approach is demonstrated,
and “validated” against data. Further adaptions include functionality that allows LUCI to directly
link to Overseer files to extract farm information (including block management, irrigation type,
Olsen P level,), to reduce the time required to input individual farm system detail into LUCI.
We also present a new optimisation method that combines LUCI’s existing trade off analysis
approach with an iterative simplex optimisation and watershed analysis method. This allows it to
suggest specific scenarios where mitigation strategies for improved water outcomes can be put in
place, along with quantification of resultant provision and tradeoffs. We show an example from a
farm where water quantity and quality targets are achieved while minimizing productivity loss.

Results
Figure 1 shows example LUCI maps which depict opportunities to reduce nitrogen and
phosphorus loss to waterways on a south Otago farm. The images of nitrogen and phosphorus
load show LUCI’s predictions of the total amount of N and P generated at any point in the
landscape through surface or subsurface inputs and processes. The images of accumulated N
and P load show where nutrients converge in the landscape, the green areas show where high
loads can be intercepted and are therefore targets for mitigation. In the image showing dry matter
production the green areas show areas of high production and areas in red indicate low
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production and therefore where nutrient mitigation may be most cost-effective.

Figure 1: Example LUCI outputs from a South Otago dairy farm.

Figure 2 shows examples from the optimisation routine, seeking to meet in-stream targets while
either optimising productivity within these targets or minimising impacted area, as the user
wishes. In this case, we explore the amount of area that can be protected if mitigations such as
sediment traps, riparian planting, stock exclusion etc are spatially targeted such that they
intercept large uphill contributing areas.

Figure 2: Interception mitigation opportunity optimisation
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Aims
To determine the observed relationship between high intensity rainfall and temperature
throughout New Zealand

Method
Hourly rainfall data were obtained from the NIWA Climate Database via cliflo.niwa.co.nz for sites
with more than 15 years of data. Daily temperature were obtained for the same sites. High
intensity rainfall events (the top 5th percentile of hourly rainfall) at each site were identified. These
intensities were divided into equal-sized bins according to the temperature of the days in which
they occurred. The relationship between the high intensity rainfall and the temperature was
inspected for statistical significance. The magnitude of the relationship between high intensity
rainfall and temperature at each site were plotted on a map. This method follows the
assessments for Australia made by Hardwick Jones et al. (2010).

Results
The map of the magnitude of the relationship between high intensity rainfall and temperature is
shown in Figure 1. Two regions stand out: north of the North Island, and east of the South Island.
The north of the North Island returned many sites where the high intensity rainfall increased with
temperature at a rate greater than 8 %.oC-1. The 8 %.oC-1 rate is the New Zealand default
guideline for estimating rainfall intensity change under climate change projections (Ministry for the
Environment, 2008). For most sites in the east of the South Island the high intensity rainfall
relationship to temperature was less than 6 %.oC-1.

Implications
If the observed relationships between high intensity rainfall and temperature are taken as an
analogue of how intensities will change with temperature under climate change projections, then
the current governmental guidelines of 8 %.oC-1 may lead to under-investment in the required
storm-water capacity infrastructure in Auckland and Northland, and over-investment in
Canterbury.
Figure 1 Percentage change of high intensity (top 5th percentile) hourly rainfall per degree Celsius across
New Zealand. Solid dots indicate statistically significant relationship, open dots indicate no statistical
significance.
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Introduction

Climate change is one of the considerable threats to aquatic ecosystems and freshwater
biodiversity. This study is to assess the climate change impact on aquatic ecology in South Korea
streams. South Korea has the National Aquatic Ecological Monitoring Program (NAEMP)
operated by the Ministry of Environment and the National Institute of Environmental Research. The
program has been operated for the entire country at 1,200 sites including 110 reference sites
since 2007 with twice a year (spring in May and autumn in September) field monitoring.

Methodology
Field data of trophic diatom (TD) and benthic macroinvertebrate (BM) with water temperature
(WT), stream discharge (SD), nitrogen (N), and phosphorus (P) and future projected data of water
temperature and stream discharge from LM3-TAN are used. The TD and BM data were collected
in spring and autumn for 8 years (2008~2015) at 82 locations of 5 watershed streams of South
Korea. The TD and BM scores were indexed by grading with 4 groups of excellent (A), good (B),
fair (C), and poor (D). The TD field score had high correlation with Total N (T-N) and Nitrate (NO3-),
and Total P (T-P) concentrations and the BM field score had high correlation with T-N, Ammonium
(NH4+), and T-P concentrations depending on the watersheds.

Conclusions
The future TD and BM conditions were evaluated from the water qualities estimated by the LM3TAN future WT and SD. For the future TD and BM through WT and SD, the relationship of field water
qualities with WT and SD was evaluated. The T-N and NO3- showed the highest 0.52
determination coefficient (R2) with spring WT and the NO3- showed the highest 0.53 with autumn
WT respectively. Based on the HadGEM3-RA RCP (Representative Concentration Pathway) 2.6
and 8.5 emission scenarios, the LM3- TAN projected up to +0.7°C and +96.2 m3/s changes of
stream water temperature and flow under 2080s (2060~ 2099) RCP 2.6 and up to +1.2°C and
+120.8 m3/s changes under 2080s RCP 8.5 respectively based on the baseline period (19992010). By using the future water quality estimated from the future WT and SD, the grade D of TD
changed from 19.0 % in 2010 to 62.0 % and 59.5 % in 2080s RCP 2.6 and 8.5 scenarios
respectively. For the BM, both the grade A and D together largely increased. The grade A of TD
changed from 16.2 % in 2010 to 36.2 % and 36.2%, and the grade D changed from 29.5 % in 2010
to 41.9 % and 57.1 % in 2040s RCP 2.6 and 57.0 % and 57.0% in 2080s RCP 2.6 and 8.5
scenarios respectively.
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CONVEYANCE OF INORGANIC AND ORGANIC CARBON IN MOUNTAINOUS
RIVERS: A CASE STUDY FROM THE HAAST RIVER, SOUTHERN ALPS, NEW
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Aims
Mountainous rivers are important conveyors of organic carbon to the marine environment.
Estimates of carbon flux vary greatly between different river systems and relatively few studies
have investigated the carbon flux of New Zealand rivers. Riverine carbon can be stored in
riverbanks as particulate carbon or held within water as dissolved carbon. As carbon comes in
many fractions it is important to differentiate between particulate, dissolved, inorganic and organic
fractions to understand the geochemistry of carbon flux. This study investigates the sources and
transfer of carbon within a pristine alpine catchment in New Zealand, based on data collected in
the Haast River. The study reports on the different portions of carbon being transferred through
the Haast River, derived from observations collected at different times of year (e.g. seasons) as
well as a consideration for downstream changes in carbon.

Method
Chemical and isotopic tracers were used to determined where carbon is derived within the
landscape to quantify the flux of atmospheric carbon which is drawn down via rock weathering,
and what influence weathering and thin alpine soils have on sources of organic carbon. δ13CDIC
samples were collected in 100 mL glass vials with silicon septa caps and preserved with 10 %
mercuric chloride and then analysed on a Thermo Advantage IRMS with a Gasbench sample
preparation system, with a precision of 0.08‰. Water samples were collected and analysed for
particulate (POC) and dissolved organic carbon (DOC), as well as inorganic carbon, in
conjunction with major and minor solute chemistry. POC samples were collected in 5 L plastic
containers and analysed using the loss on ignition approach, the samples were filtered and then
combusted via heating of the filter to 550°C. DOC samples were collected in 40 mL glass vials
with silicon septa caps and analysed using a Shimadzu Total Carbon Analyser with an analytical
precision of 0.2 mg C/L. Dissolved inorganic carbon (DIC) samples were collected in 20 mL LDPE
bottles and were measured using total alkalinity titrations and adjusted by pH to determine
bicarbonate concentration (in mg C/L) and cross calculated using charge balance estimations of
dissolved ions with an analytical precision of 5% of total dissolved solids (in meq/L). Water
samples were collected in base flow conditions.

Results
Preliminary data analysis suggests that in the Haast River under base flow conditions particulate
organic carbon is not a significant contributor to overall suspended material concentrations,
accounting for <2% of suspended load (0.5 mg C/L). By comparison dissolved organic and
dissolved inorganic carbon occur in significantly higher concentrations (1.0 – 2.5 mg C/L and 3.5–
7.5 mg C/L) in the Haast River and under base flow conditions are the dominant forms of carbon
flux. The analysis of temporal variability show no systematic increase or decrease in organic
carbon between autumn and winter. Thus, the amount of dissolved organic carbon in the
Southern Alps rivers does not appear to respond to changes in plant uptake with seasons, or
temperature within these seasons.
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Aims
The aim of the project is to develop a repository of open source tools written in Python for
hydrologists and other water resource scientists. The tools have been initially developed by
scientists at Environment Canterbury, but by releasing the tools as open source in an accessible
format broader collaboration and development can be made from the international hydrology
community. With well documented, accessible, and open source tools, hydrologists will have tools
that are standardised, efficient, adaptable, and can be integrated into other tools for other
processing and analysis.

Method
The hydrology tools were programmed in the Python programming language. Python is one of the
most popular general and scientific programming languages and has a rich open source
community. In addition to the plethora of tools in the standard python installation, a number of
external open source toolkits (libraries) already exist for a variety applications. These range from
professional statistical tools (statsmodels/scipy), numeric data processing (numpy), table
manipulations and time series analysis (pandas), GIS vector processing (shapely/geopandas),
GIS raster processing (gdal/rasterio/Arcpy), interactive plotting (bokeh), and many others. While
some methods in hydrology are completely unique to the discipline, hydrologists use many
standard statistical tools for their processing and analysis many of which have already been
developed in other disciplines in one form or another. With so many existing python libraries for
numeric processing and analysis, the development of hydrology tools is a matter of building upon
the well-developed existing libraries and tailoring them specifically for hydrological applications.
Some tools have been developed as general purpose hydrology tools, while others are
specialised for New Zealand specific applications. Some of the general tools include a variety of
time series hydrograph statistical and plotting tools from resampling, flood frequency, low flow
statistics, reference evapotranspiration (ETo) tools, land surface recharge modelling, and
regression statistics. Other tools include spatial processing and analysis. These range from
catchment delineation using Arcpy (ArcGIS) to two and three dimensional interpolation. Some
New Zealand specific tools have been developed as well. These include stream routing and
catchment delineation utilising the River Environment Classification system (REC) by NIWA,
MetService precipitation forecast processing, low flow statistics including the 7-day mean annual
low flow (7DMALF), stream naturalisation, and many others.

Results
The new Python libraries of tools (repositories) have been posted on Github with documentation
and is freely accessible to anyone. The presentation will provide an overview of how to access
and install the repositories, a demonstration of some of the tools, and how to provide feedback
and modifications to the tools.
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SIMPLE VERSUS COMPLEX MODELS FOR STREAM DEPLETION CONFIDENCE
LIMITS
Knowling, M.J.,1 Moore, C.R.1
1
GNS Science
Aims
The aim of this work was to explore the outcomes of model simplification in the context of
streamflow depletion predictive uncertainty. Reliable predictions of pumping-induced stream
depletion are critical to the effective conjunctive water management decision-making. This is
particularly the case in the Wairarapa Valley (Greater Wellington, New Zealand), which serves
here as a case study.

Method

As part of the Smart modelling for Aquifer Management (SAM) project Ruamāhanga case study,
a paired model analysis methodology (Doherty and Christensen, 2011) was undertaken. The
analysis methodology is used in this study to assess model simplification errors, and identify and
explore predictive bias as a result of model simplicity. The analysis involves the use of a series of
different simple models, in combination with a comparatively complex model, in making
equivalent predictions. Here, the prediction of interest is pumping-induced streamflow reduction
Δq as a proportion of the pumping rate Q. The prediction of Δq/Q is made following a constant intime pumping rate of 50 L/s for a period of 150 days, as per Hughes and Gyopari (2014), at a set
of hypothetical pumping well locations. The method involves the generation of scatterplots of
complex-model predictions (denoted s) against simple-model predictions (denoted s).
The complex model of the Wairarapa Valley used for the analysis is that of Moore et al. (in prep).
This model is considered to be complex enough to encapsulate the key processes and
parameters on which predictions of stream depletion depend. Three simple analytical models that
are commonly used for stream depletion prediction are considered, namely the analytical
solutions of Jenkins (1968) (analogous to the Theis (1941) solution), Hunt (1999) (which also
represents the distinct nature of the streambed material in terms of hydraulic properties) and
Ward and Lough (2011) (which also represents a multi-layered aquifer-aquitard system). A fourth
“simple” model is considered, which is equivalent to the complex model, except that it assumes
large zones of hydraulic-property piecewise constancy, based on geological expert knowledge.

Results
Preliminary results, which are based on single calibration-constrained realisations of complexand simple-model predictions, indicate that commonly applied analytical models significantly
under-predict stream depletion relative to the complex model. The degree of under-prediction was
greater for lower stream depletion rates (e.g., predictions could be 50% in error for Δq/Q <20%),
and less for higher stream depletion rates (e.g., 15% error for Δq/Q >80%). The general underprediction of ∆q/Q values by the analytical solutions is somewhat unexpected, especially for the
Jenkins (1968) solution, which neglects the lambda term, and therefore produces what can be
considered an upper-limit of ∆q/Q values. This is shown to be due in large part to the fact that
∆q/Q values from the complex (numerical) model are calculated on the basis of the global waterbudget ∆q, and therefore can include multiple streams, rather than a single stream effect
concerned by the analytical solutions. The “zoned” model is shown to be less prone to predictive
bias, on average, in terms of ∆q/Q relative to the analytical solutions. However, this is
notwithstanding that any individual ∆q/Q prediction made by the zoned model may be significantly
in error, due to the significant heterogeneity in the hydraulic-property fields, which are not
represented within the zoned model.
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HOW CAN WATER ISOTOPES (δ 18O, δ 2H, 3H) HELP ANSWER HYDROLOGICAL
QUESTIONS?: FIRST WATER ISOTOPE MAP OF AUSTRIA
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1
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Aims
The isotopic ratios of oxygen and hydrogen in water (2H/1H and 18O/16O) are important tools to
characterise waters and their cycles. This starts in the atmosphere as rain or snow and continues
in the surface water and ends in shallow as well as in deep groundwater. Tritium formed by
natural cosmic radiation in the upper atmosphere and in the last century by tests of
thermonuclear bombs in the atmosphere, is characterised by its radioactive decay with a half-life
of 12.32 years and is an ideal age-marker during the last 60 years.
Austrian Network of Isotopes in Precipitation and Surface waters (ANIP)
Austria runs one of the longest-standing and most dense isotope precipitation collection networks
worldwide, resulting in a unique isotope time series. All meteorological and surface water stations
are between 9° - 16° E and 46.1 – 48.2 N in the centre of Europe (Fig. 1). The altitude of the
stations range from 119 m in Vienna up to 3196 m. The Austrian Network for Isotopes in
Precipitation (ANIP) started in 1972. Some stations (e.g. Vienna) have already been sampled
since the 1960s (IAEA/WMO, 2017). Fifty-six precipitation and 16 surface water stations are
presently sampled all over Austria. From the total of 72 monitored stations 17 are selected due to
their long monitoring periods of 37 – 41 years. The mean yearly sum of precipitation varies
between 400 and 3000 mm. The local climate ranges from cold alpine to humid moderate, which
results in mean air temperatures between -1 and 11 °C.

Fig. 1. Left upper corner with the Austrian borders (red line) in the centre of Europe. The blue arrow shows
the main precipitation source from NW (North Atlantic). The yellow arrow shows the second important
precipitation source from the SW (Mediterranean) influencing mainly the southern part of Austria (Kralik et al.
2017). Right lower part with the Austrian Network of Isotopes in Precipitation and surface waters (ANIP).

In addition to determining the origins and mean ages of waters in many projects concerning water
supply, more than 40,000 isotope measurements were performed in Austria for engineering and
scientific projects in the last 45 years on more than 1,350 sites. Due to their similar Alpine
landscapes the South Island of New Zealand and Austria may profit by comparing water isotope
applications for hydrological studies.
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Results
As the isotope fractionation of the δ18O and δ2H-values is temperature dependent, the lowest
values are found in winter precipitation in the mountains and the highest in the summer
precipitation and even more enriched in evaporated lakes at the fringe of the Pannonian plane.
The isotopic ratios of the Austrian waters are also influenced by the origin of the evaporated
water masses. Therefore, the precipitation in the region of South of the main Alpine crest is
approximately 1 ‰ higher in δ18O-values than sites at the same altitude in the northern part. This
is most probably caused by the stronger influence of precipitation from the Mediterranean area
(Fig.1). The d-excess of all Austrian precipitation measurements are in the range of 7.5 - 8.4 ‰
and the median of all water sites slightly lower (9.1 ‰) than the Global Water Line. However, the
median of d-excess in the mountain springs is with 11 ‰ significantly higher and can reach
values up to 15.7 ‰. In Austria, the d-excess-values are weakly correlated with the altitude of the
water sites, which can be explained by recycling of water in the mountains evaporated in the
warmer valleys (Fröhlich et al. 2007). The median value of tritium from all precipitation stations is
equal to 7.2 TU. This can be explained by the fact that in most cases in groundwater the median
value (6.0 TU) has been reduced by decay according to the residence time underground. The
tritium concentration increases in the summer up to 10 – 11 TU and decreases in winter down to
3 – 4 TU. This is due to the better circulation in the atmosphere in spring which brings the tritium
formed by cosmic radiation down to the lower atmosphere and precipitation.
Tritium concentrations less than 3.5 TU are more frequent in the shallow groundwater (< 50 m) at
the most eastern part of Austria at the fringe of the Pannonian basin close to the Hungarian and
Slovak borders and indicate large amounts of water older than 60 years. Waters with more than
approximately 12 TU contain tritium from the 1960s and 1970s formed originally by
thermonuclear bomb experiments. The highest tritium values in Austria can be observed in the
rivers Danube and March which show periodic or permanent tritium contamination up to 70 TU
from nuclear power plants in the neighbouring countries.
Application examples
The altitude of recharge areas north of the main alpine crest can be easily established by the
annual weighted means of the stable isotopes. However, south of the main alpine crest the
altitude effect is disturbed by Mediterranean impacts (Fig.1). In contrast, forested non-alpine
areas with low annual totals of precipitation (< 800 mm) lose summer precipitation nearly
completely by evapotranspiration,
The long-term trends (1973-2014) of the air-temperature and δ18O-values in precipitation and
river waters are increases of 0.4 °C and 0.2 ‰ (SMOW) per decade and are most likely a
consequence of climate change. This supports the necessity to continuously monitor the
precipitation input not only for climatic research, but also for hydrogeological investigations. A
once-established input (precipitation or surface water) baseline cannot be extrapolated over many
years or decades.
Generally, Mean Residence Times (MRT) of Austrian groundwater, controlled by additional
3H/3He and SF measurements, increase from shallow Alpine aquifers (< 5 years) to deeper
6
Alpine valley-aquifers (10-25 yrs.) to longer MRTs (25- >60 yrs.) in the Pannonian basin in the
east of Austria. Knowledge of the MRT of a well allows the regulator to limit the water extraction
to minimize the overexploitation and to keep groundwater bodies in a good status quantitatively
and qualitatively.
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DEVELOPMENT OF OBSERVATION TECHNIQUE FOR THE AMOUNT OF
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Introduction
In the world, the most of evaporation observation is being carried out in land. However, the 71 %
of the earth’s surface is covered by the water. Therefore, it is urgent for us to develop of
observation technique for the amount of evaporation at water surface. In present, our field is a
reservoir. But in the near future, our field will be an ocean.

Methodology
Evaporation at water surface has been observed at Yongdam Reservoir. The three major
techniques of this system are as follows. The first is precise water level monitoring technique
using buoyancy type water level gauge. The second is mooring technique that is inter-locked with
the water level fluctuation. The third is water temperature monitoring technique with equallyspaced water depth.

Conclusions
1. The Water balance is important research item in the field of hydrology. Therefore, if we can
know how much amount of water resources will loss by evaporation, the quantitative water
resource management can be true.
2. The accurate evaporation measurement at water surface can lead us to the understanding of
hydrological phenomenon in a basin.
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Aims
Sewer systems are a capital intensive structure and have the tendency to be used more than the
expected life duration. Sewer managers are under pressure to keep maintenance and repair
costs low while keeping an acceptable risk level (flooding, collapse, pollution). Inaccurate and
subjective CCTV inspection (Dirksen et al., 2013) is the most popular technique.
Wirahadikusumah et al. (1998) have presented an overview of a several techniques available for
sewer pipe inspections: visual inspection by closed circuit television (CCTV), radar (e.g. in
Olhoeft, 2000), acoustic techniques (e.g. in Feng et al., 2012), sonar (Krikham et al., 2000), laser
profiling (Duran et al., 2003) or a combination of these technologies in order to benefit from the
strengths of each technology (EPA, 2010). The information content of visual inspections, being
the most commonly applied inspection technique, is by definition limited to failures that can be
noticed visually. Only few studies showed the uncertainties associated with this method, such as
significant discrepancies in condition estimation, which is introduced by the use of subjective
assessment (Kirkham et al., 2000; Dirksen et al., 2013). As a consequence, there is a lack of
suitable information on the status of the sewer for adequate asset management (e.g. in sewers by
van Riel et al. (2014)). Recent developments of IR cameras and velocity/turbidity profilers offer
new potential devices to inspect sewers. This study presents: i) the latest results of a laser
profiler, ii) first laboratory results obtained with an IR camera and iii) potential use of a
turbidity/velocity profiler. The main goal of this research has been to study the potential
application of those technologies in order to produce accurate, objective and unbiased data on
sewer pipe states. Materials and methods are hereafter detailed or referenced.

Method
In order to know the unbiased position of the device along a reach (distance from a reference
point, pitch, roll and yaw angles), three parallel laser distance meters have been set up on the
fixed part fo the system (the reference point). On a moving part, two kind of hardware have been
installed: a visible camera to record the position of the point projected by the laser distance meter
and: i) another visible camera and a laser profiler, or ii) an IR camera (FLIR, A35sc), and iii) a
velocity/turbidity profiler (Ubertone, UB Flow). Design and the list of materials have been
published in Stanić et al. (2017), for the laser part.
For the laser part, various objects (sizes, materials, colours) have been scanned in an empty
pipe: scanned sizes have been compared to sizes measured with a calliper with a basic variance
test. IR image and velocity data have been acquired along a specially designed flume: various
lateral connections (diameter, intrusive or not, diffuse or punctual inlets) have been created along
a glass flume (section 1 m2, length 50 m). Lateral connections with warm (heated with a
pasteuriser) or cold (with ice cubes) water, stirred in 1 m3 tank).
Laser data have been processed with methods previously published in Clemens et al. (2014) and
been updated in Stanić et al. (2017). IR camera images have been processed as following: after
a transcription from pixel values to temperature and the spatial localisation of the pixels (with the
camera characteristics and its position), fine differences of temperature (of 50 mK) at the free
surface can be distinguished. By processing the data frame by frame, from downstream to
upstream, changes in thermal fingerprints can be identified.

Results
The laser scanning system delivers data with a standard uncertainty lower than 2 mm.
Consistencies between scanned and measured object sizes (for more than 75% of the
measurements) underline that the proposed prototype is suitable for in situ measurements. Bright
objects have disturbed the measurements: intensive reflections on such surfaces create
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saturation in the optical measurements and lead to some problems in the data processing.
Fortunately, bright objects are uncommon in sewers. Wall roughness’s can not be accurately
measured and this device is not yet suitable for in situ measurements of pipe roughness’s.
The IR camera is able to detect warm or cold connections. Punctual connections appear to be
easily detectable but diffuse infiltration (as along cracks) are not yet measurable. This may be
due to a low turbulence and/or a too low rate lateral discharge/pipe discharge: the potential
reasons will be investigated before the conference. The processing of ca. 800 experiments shows
that the detection limits of the method are below 2.5% (rate between the lateral and the main
discharges).
Despite non optimum laboratory conditions (not enough air bubbles or particles for signal
reflection), the velocity/turbidity profiler has provided data that are sensitive to the presence of
lateral connections. However, the method proposed by Tsubaki et al. (2012) shows some
structural instabilities due the non staggered grid. Fortunately, a staggered scheme lead to stable
calculation of the velocity distributions.

Figure 1. Detection of a lateral (warm) connection. Two consecutive frames (left and middle) and results
from the detection algorithm (right – significant variation spotted in white).
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DELINEATION OF GROUNDWATER SOURCES IN THE MOTEO VALLEY, HAWKE’S
BAY, USING WATER QUALITY AND GEOCHEMISTRY
Levy, A,1 Rabbitte, S2
1
Lattey Group
2
Lattey Group
Aims (11 pt. Arial; Bold)
To determine the sources of groundwater, springs, and seeps in the Moteo Valley (Hawke’s Bay)
in order to assess whether these features will be adversely impacted from a proposed abstraction
of groundwater for irrigation.
Method (11 pt. Arial; Bold)
Field surveys of groundwater & surface water Electrical Conductivity (EC) were used as tracers to
delineate the sources for groundwater recharge in the Moteo Valley. These surveys were
supported by geochemical analysis from selected locations and the results were then used to
refine the hydrogeological conceptual model for the Valley. Based on this refined understanding,
analytical stream/spring depletion solutions (Hunt, 2012) were then used to model the potential
impacts of the proposed abstractions on surface water bodies.
Results (11 pt. Arial; Bold)
• Considerable spatial variability was observed between the different hydrological settings
in the Moteo Valley.
o The lowest groundwater EC and solute concentrations were measured in the
southern (lower) part of the valley, where EC and water composition were similar
to the Tutaekuri River.
o EC and solute concentrations (particularly Ca2+) were higher in the middle part of
the valley.
o The highest EC and solute concentrations were measured in wells and drains
connected with the limestone aquifer
• EC along the valley’s main drains (Jim’s and Swamp Road drains) was fairly consistent.
The EC and geochemical composition of Swamp Road Drain were close to those
measured in a well abstracting from the limestone aquifer, suggesting high connectivity.
Conversely, the EC and solute concentrations in Jim’s Drain were higher than those
measured in the applicant’s well, located only 15m away.
• The EC and solute concentrations of springs located in the middle of the valley was high,
suggesting that they are mainly sourced from the shallow soil zone.
• The EC and composition of an artesian spring located on the applicant’s property in the
southern valley is similar to the gravel aquifer.
• These field measurements helped refine the hydrogeological conceptual model for the
Moteo Valley. The revised model identified three main sources for groundwater
recharge: The gravel aquifer, the limestone aquifer, and the shallow soil zone.
References
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SCIENTIFIC DISCOVERY THROUGH UTILISATION OF THE SOURCE CATCHMENT
MODEL IN THE BAY OF PLENTY.
Loft, J., Williamson, J.L.
Williamson Water Advisory Limited
Introduction
The Kaituna and Rangitāiki catchments both have headwaters on the eastern margin of the
Central Plateau of New Zealand’s North Island, where highly drainage pumaceous soils reside.
The catchments transition towards more sandy-loam soils down catchment towards the coast,
albeit with significant volcanic derived bed loads in the rivers and streams.
The primary task underpinning the early stages of this project was catchment flow calibration.
During preliminary calibration simulations on a number of catchments, it became evident that
satisfactory calibration in some catchments would not be readily achieved in the usual manner
based on our previous experience. This was because flow was either being significantly under or
over simulated in comparison to the measured flow.
This paper sets out the method used to establish the cause of the irregularities in flow calibration
and the interesting scientific discoveries that resulted in the process of resolving the issue.

Method
When flow is significantly under or over simulated, such that realistic changes to model
parameters that characterise the hydrological characteristics of the catchment would be unlikely
to address the problem, the initial questions that run through a modelers mind are:
• Is the catchment area accurate?
• Is the catchment rainfall accurate?
• Is the rating curve for the catchment gauge accurate?
Does groundwater pass under the gauge in this catchment?
To provide an understanding of the data integrity used in calibration, and at the same time
provide a high-level check on whether the catchments discharge characteristics are consistent
with neighbouring catchments, calculations were carried out to provide insightful statistics from
the observed flow and rainfall data, including:
•
•
•

Mean annual flow and precipitation;
Specific discharge; and
Catchment discharge coefficient (i.e. the percentage of rainfall that emerges as river
discharge in each catchment).

Comparison of the specific discharges of neighbouring catchments with similar hydrologic
characteristics provides an understanding as to whether the gauged flow seems consistent. We
would typically expect discharge (combined surface water and groundwater flows) to account for
approximately 55-65% of rainfall in most of these catchments, with evaporative losses
(interception, evapotranspiration) accounting for the remaining 35-45%. In highland areas
discharge as a percentage of rainfall may increase due to the cooler climate, while in catchments
where strong groundwater recharge potential (downward pressure gradients) and high
permeability materials exist, observed discharge as a percentage of rainfall may be lower due to
flow under the gauge.
From the analysis of the data, informed decisions can then be made to investigate possible
causes of the apparent anomalous flow data, and provide insight into designing tests to address
the issue. In this paper we will describe the outcome of such work for two Kaituna catchment flow
gauges - Mangorewa River at Saunders and the Waitahanui River at Old Coach Road.
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Results
Table 1 shows the analysis of the indicator statistics described above for these catchments and
for comparison provides the average from the other gauges within the catchment that were
considered normal. Discussion of the diagnosis and rework undertaken for each catchment with
reference to the data in Table 1 is provided below.
Table 1. Indicator statistics after preliminary calibrations for selected Kaituna catchments.
Calibration Sites

Area
(km2)

Mean Q
(m3/s)

Mean Specific
Q (m3/s/km2)

Mean Rainfall
(m3/s)

Q% of rainfall

Mangorewa at Saunders

192

6.0

0.031

14.0

43%

Waitahanui at Otamarakau Valley Rd

103

5.8

0.056

5.3

110%

Average of three other Kaituna catchments

0.04

(%)

54%

The preliminary model simulation result for the Mangorewa River at Saunders was an over
simulation of flows by approximately 15-20%. Due to the extremely flat nature and extremely
high infiltration capacity of the pumice soils in the highland parts of the catchment, it was
assumed that perhaps:
a) a portion of the drainage system in this area was reporting to the adjoining Lake Rotorua
catchment rather than the gauge catchment itself; and
b) a significant baseflow component was not reporting to the gauge because of the high altitude,
permeable geology, and significant depth to groundwater.
Through assessment of the available topography data, an area of possible incorrect catchment
delineation by the River Environment Classification database was identified and a change to
catchment area of 18.75 km2 was made. However, after this change it was still evident that a
significant reduction in baseflow of approximately 2.5 m3/s was required. This was implemented
in the SOURCE model through loss nodes in each sub-catchment, which were assigned constant
flow losses proportional to their catchment area. The modelled discharge then matched the
gauge and the assumed groundwater losses were re-accounted for in downstream subcatchments as groundwater gains via a similar process.
The preliminary calibration of Waitahanui River at Old Coach Rd resulted in consistent under
simulation. Statistical calculations revealed an apparent significant problem with the gauge data
in that there were more outputs (discharge) than inputs (rainfall) (Table 1). This suggested that
either the catchment area was too small or this catchment has an additional source of flow.
Literature investigations found evidence that Rotoma and Rotoehu lakes situated upgradient of
the headwaters of the catchment had no known outlet 2, hence we concluded that the additional
flow could be via sub-surface discharges from the lake into the catchment. This hypothesis was
tested in SOURCE using a lake storage node assigned a head dependent discharge relationship,
with discharges to the groundwater system increasing as lake level increased. The head
dependent rating curve was an artefact of the model calibration.
Conclusion
This paper set out a simple method to identify “apparent” irregularities in gauged flow and provide
insight into addressing anomalies when attempting flow calibrations with a distributed multicatchment hydrological model (SOURCE). The calibration process often led to interesting
scientific discoveries, such as identification of possible sub-surface discharge locations from
lakes that previously were thought to have no outlet, and knowledge on the location of
groundwater exchanges (gains and losses) to name but a few. This paper has hopefully provided
some insight to project and catchment managers on others ways in which models can be useful
over and above the obvious project objectives (e.g. quantity and quality limit setting).

2

Reference (Donald, R, 1997). Rotorua Lakes Summary Report (Environmental Report No. 97/21).

125

MAXIMISING THE VALUE OF AQUIFER TESTING
Lough, HK,1
1
Pattle Delamore Partners Ltd
Constant rate aquifer tests are one of the most widely used and important tools for characterising
groundwater resources. They enable more precise modelling of the potential environmental
effects of a groundwater abstraction, such as interference effects on neighbouring bores and
surface water flow depletion effects, and inform and reduce uncertainty in larger scale
groundwater models used for groundwater management purposes.
While the standard of aquifer testing and analysis has generally improved significantly in New
Zealand over the last decade, there is room to get more value from the testing. The aim of this
presentation is to help prevent common pitfalls with aquifer tests and to maximise the benefit of
the hydrogeological information being obtained around the country.
The questions that will be answered in this presentation include:
1. Why should recovery data always be analysed simultaneously with the drawdown
analysis?
2. Why is the screened depth of observation bores compared to the pumped bore
important?
3. Why is drawdown data usually much better than stream flow monitoring data for
assessing stream depletion effects?
4. Why are the interpreted specific yield/unconfined storage values often so low?
5. Why is there no difference between the storativity of a semi-confined and confined
aquifer?
6. Why are drawdown predictions before the test so useful?
7. What is an optimum test duration?
8. How should any recharge effects from the test discharge and pumping interference
effects be addressed?
9. Why should bores with no drawdown response be included in the analysis?
10. How does the shape of the drawdown response inform the analytical drawdown solution
that should be used?
Examples from aquifer tests undertaken in various settings around the country will be presented
to illustrate the answers to these questions.
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INTEGRATED CATCHMENT WATER MANAGEMENT AND MANAGED AQUIFER
RECHARGE – NAMBEELUP WESTERN AUSTRALIA
Russell Martin,1 Danni Haworth,2 Bob Bower,3
Clare Houlbrooke,4 Brett Sinclair,5
1,2,

Wallbridge Gilbert Aztec (WGA)
Wallbridge Gilbert Aztec NZ (WGANZ)

3,4,5

Aims
Globally, all growing cities and rural sectors are facing major challenges including modernising
water and transportation infrastructure, improving urban design (liveability) and feeding growing
populations against a backdrop of climate change which poses the risk of diminished water
supplies. Water of appropriate quality and quantity is critical for human and environmental health,
food security and economic progress (UN Secretary-General Ban Ki-moon, 2013). The
competition for water resources is increasing tensions between users but through innovation
water can be made to work to get more benefits per drop.
Integrated catchment water management approaches sustainable resource management from a
catchment perspective in contrast to a piecemeal approach that artificially separates land
management from water management. Approaches vary from country to country and catchment
to catchment but they are all fundamentally based on management options that deliver
environmental, cultural, and social values for all users of the resource. Managed aquifer recharge
(MAR) as a tool to better utilize all available water resources sits firmly in the nexus between
water supply, wastewater management, urban planning and stormwater management.
Increasingly across greenfield urban development sites integrated catchment water management
solutions, incorporate MAR options to improve livability and deliver alternative sources of water
for irrigation of public open spaces and third pipe use within households. The suitability of MAR
options is promoted even further in brownfield, peri urban and rural areas where crops are
currently irrigated from groundwater. In these situations, MAR is adopted to augment existing
natural recharge, improving both economic and environmental resilience and providing security of
supply for users.
MAR is a set of physical tools developed to help improve the proactive management of
groundwater quantity and quality, thereby improving water supply security. The hydrogeological
setting determines the most appropriate MAR method and the key to developing a sustainable
MAR system is detailed characterisation of the receiving aquifer. Aquifers can be used as natural
water distribution systems where policy allows using the aquifer for conveyancing, thereby
reducing the need for pipelines and pumping infrastructure, which is often a major cost
component of above ground storage options. Furthermore, underground storage capacity can be
developed at less than half the cost of surface storage facilities without undesirable
environmental consequences or evaporation losses. Previous work has demonstrated that MAR
programs are, on average, 75% cheaper to develop than dams (Martin et. al. 2016, Marsden
Jacob Associates, 2013). Infiltration type MAR systems can help to offset the effects of increased
pollutant loads to aquifers, through targeted recharge of the aquifer with clean water.
Across Australia there are approximately 150 MAR sites in operation or under investigation.
South Australia is the leader in the adoption of MAR methods, principally aquifer storage and
recovery (ASR), due to the depth of the target aquifers, but in Western Australia there are
currently 33 basin infiltration sites under active investigation/operation. The initial focus in
Adelaide has been on the seasonal capture, treatment, storage, and recovery of urban
stormwater runoff. Over the past five years the focus on source water availability has shifted from
stormwater to the storage and reuse of fit for purpose treated recycled wastewater.
In South Australia investigations are presently in progress to explore options to store up to 4 Mm 3
of Class A treated wastewater in the deep Tertiary aquifer. There are currently four MAR systems
in Victoria undergoing ASR trials using Class A salt reduced treated wastewater. Perth in western
Australia is the first city in the Asia Pacific region to implement recycled treated wastewater MAR
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for potable purposes and there are approximately 25 MAR infiltration basins/galleries recharging
treated wastewater to the surficial aquifer system on the Swan Coastal Plain. Recharge of treated
potable quality wastewater to the deeper aquifer systems is a deliberate strategy to provide water
security and compliments traditional (reservoirs and groundwater) sources of supply plus the
newer water supplies from desalination. Significant community consultation to gauge public
reaction to the proposal was carried out prior to any works being undertaken.
The proposed Nambeelup Industrial Area (NIA) south of Perth will be a modern industrial estate
comprising approximately 1,000 ha of industrial land, situated about 9 km north-east of the
Mandurah city center and 14 km north-west of the Pinjarra townsite. The establishment of Peel
Business Park at Nambeelup is included as a key transformational project in the Peel Regional
Investment Blueprint, Vision 2050 prepared by the Peel Development Commission. The selected
land is subjected to periodic inundation with shallow groundwater expressing and pooling at
surface during intense rainfall episodes. The developers have considered placing fill to a depth of
700 mm across the site to protect building footings at an estimated cost of AUD$80 million.
This presentation presents the preliminary investigations and considerations carried out to date
for an integrated catchment water management solution incorporating MAR at half the cost of
building the site up using fill. In addition, incorporating MAR provides a water supply to support
irrigated horticulture and protected cropping pursuits facilitating economic development in the
region. The solutions involve installation of agricultural drains to lower and maintain the shallow
groundwater table at a depth of approximately 700mm below ground surface. The industrial
precinct will have large roof expanses on warehouses plus large hardstand areas prompting
considerable runoff. The water drained from the shallow groundwater and stormwater runoff will
be collected in detention ponds, undergo treatment before being stored in the deeper aquifer
system, then reused either in the industrial area or for irrigated agriculture.

Method
The investigation approach has included a preliminary desktop feasibility study
assessment approach that identified MAR could potentially be applied
Investigations to assess the viability and risks have included source water
quality, source water availability and seasonality, hydrogeological studies,
balance studies, basic groundwater modelling and geochemical evaluation.

using a simplified
at this location.
and groundwater
catchment water

Results
Field investigations have defined a high yielding aquifer comprising 21m of unconsolidated
coarse sands at a depth of 225m below ground level. The preliminary geochemistry has identified
several challenges at the site that will need to be managed to prevent clogging during recharge.
The correct bore construction and development is critical at this site to ensure success and
similarly as banking will occur over the initial several years bore field design (spacing and layout)
will be important for the sustainable operation of this MAR system. It had been initially proposed
to use the aquifer as the conveyancing method to deliver the water for irrigation however this
option may be precluded due to the native groundwater salinity which is 2,200 mg/L. Water
recovered from the MAR site will most likely require distribution to users through a pipeline
network.
References
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QUANTIFYING ACTUAL DENITRIFICATION IN GROUNDWATER SYSTEMS
Martindale, H.1 van der Raaij, R.1 Morgenstern, U.1
1

GNS Science

Aims
Accurate measurement of denitrification is vital for managing nitrogen loads through New
Zealand’s aquifers. Nitrate is the most pervasive groundwater contaminant with approximately
40% of long-term groundwater monitoring sites showing above-natural concentrations.
Denitrification is a natural process whereby dissolved nitrate is metabolised by microorganisms,
eventually reducing the nitrate to dissolved nitrogen gas (Equation 1).
NO3 → NO2 → NO(g) → N2O(g) → N2(g)

Equation 1

Denitrification can therefore remove nitrate from groundwater by conversion to gaseous forms,
potentially leading to a significant nitrate reduction in the aquifer and lessening of nitrogen loads
into receiving waters such as groundwater-fed streams, springs and lakes. Knowledge of the
location and capacity of this process for nitrate remediation is required for land use management
planning.
All groundwaters contain dissolved gases derived from the atmosphere during recharge, including
N2. Comparing the ratio of the two gases dissolved in the groundwater, usually N2 and argon, to
the known ratio of the gases in atmospheric air allows for the calculation of recharge conditions.
When denitrification occurs, the concentration of dissolved N2 increases, distorting the
relationship, and therefore the calculated recharge conditions, between argon and N2.
Measurement of a third dissolved gas, neon, is needed in order to determine the ratio of
dissolved atmospheric gases which will enable the calculation of any excess N2 from
denitrification to be determined.
Neon is an inert, soluble, gas which is present in air and has been used in international studies to
understand recharge conditions (Wilson and McNeill, 1997). The aim of establishing a sampling
and analysis technique for neon is two-fold: (i) enable the quantification of excess nitrogen in the
groundwater and thus, denitrification, and (ii) improve groundwater dating via gas tracers by
providing the correct recharge temperature and excess air to obtain more robust age tracer
concentrations.

Method
Neon samples are collected in 1 L glass sample bottles, following standard groundwater sampling
protocols for collecting dissolved gas samples. In the laboratory, the sample is then transferred to
a vessel which allows most of the neon in the water to degas from the water into an air space,
referred to as the head space method. This head space is then transferred via pressure
differential into a bellow system, to compress the gas, before it is fed through our gas
chromatography setup and finally through the detectors. The neon sample is measured on a
pulse discharge detector (PDD) and a thermal conductivity detector (TCD) at the same time. The
PDD provides the sensitivity required to measure neon, while the TCD allows for the
simultaneous measurement of argon and nitrogen gas.
Neon samples have been collected from the Waiwhetu Aquifer in Lower Hutt, as well as from
paleo waters in Taranaki. Dissolved neon has been previously measured in the paleo waters by
Selzer et al. (2015). In addition to the neon samples, CFC samples were collected at all sites.
Nitrogen and argon are also measured simultaneously when CFCs are analysed and are
calibrated to a known standard.
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Results
The sample measurement procedure has proven successful; the relative standard error from
reproducibility tests of a known neon standard was 1%.
In this talk, we will show neon results from the Waiwhetu Aquifer and paleo waters which
demonstrate the ability to measure dissolved neon concentrations in groundwater, allowing for
the calculation of excess N2
References
Seltzer AM, Stute M, Morgenstern U, Stewart MK, Schaefer JM. 2015. Mean annual temperature in New
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A HYPOTHESIS-TESTING APPROACH TO QUANTIFYING GROUNDWATER
DISCHARGE USING RADON-222 IN THE SHAG/WAIHEMO RIVER
Martindale, H.1 Knowling, M.J.1 van der Raaij, R.1 Lovett, A.1 Morgenstern, U.1 Mourot,
F.2
1
GNS Science; 2 Otago Regional Council
Aims
The aim of this study was to investigate whether quantifying groundwater (GW) discharge using
radon (Rn) could provide further insight into GW-surface water (SW) interaction processes to help
Otago Regional Council to refine sustainable nutrient thresholds for the area. Rn is a soluble gas,
which is produced by almost all rocks and soils. Rn is typically abundant in GW, but has almost
negligible concentrations in SW due to degassing. Elevated Rn concentrations in rivers therefore
indicate GW discharge to the river. International literature shows that GW fluxes can be overestimated when using Rn (Cartwright and Hofmann 2016). This is due to the additional Rn source
contribution from parafluvial and hyporheic flow. Simplified estimations of the hyporheic zone
area, and thus the Rn contribution from hyporheic flow, can be made (Cartwright and Hofmann
2016; Tonina and Buffington, 2011), but the contribution from parafluvial flow is uncertain. In this
study, the contribution of parafluvial flow to a river system using Rn concentrations was
investigated.

Method
The field site was a 16 km reach of the Shag River, North Otago, where GW-SW interaction was
known to be occurring. Fieldwork was undertaken in February 2017, under low flow conditions of
approximately 0.30 m3 s-1. A total of 27 Rn samples were collected and stream flow was
measured at 7 concurrent sites. Two GW Rn samples were collected from shallow bores to
measure the Rn concentration of the GW. A further 30 Rn samples from the Shag River were
collected from March 20-21 2017, under flow conditions of approximately 0.56 m3 s-1. At this time,
some samples were collected from within the river bed gravels using a miniature well screen
made out of PVC pipe. A further GW sample was collected from a piezometer on 23 March 2017.
The Rn and flow gauging results from the Shag River samples were used to identify gaining and
losing reaches. A mass-balance approach for quantifying GW flux using Rn was then applied to
the gaining reaches (Cartwright and Hofmann 2016; Equation (1)) and to one reach where the Rn
and flow gauging results were inconsistent with one another. This approach assumes that
conditions are constant between neighbouring Rn measurements (i.e., the calculated discharge
at each measurement point represents a spatially aggregated discharge between that point and
the downstream point). Furthermore, the calculated discharge at each measurement point was
added to the total flow for the next calculation of the adjacent downstream Rn measurement.
Equation 1

Where I is the GW inflow along a reach (m3 m-1 day-1), Q is river discharge (m3 day−1), x is the
distance of the reach measured (m), w is stream width (m), E is the evaporation rate (m day−1), Fh
is the flux of Rn from the hyporheic zone (Bq m−1 day−1), Fp is the flux of Rn from the parafluvial
zone (Bq m−1 day−1) k is the gas transfer coefficient (day−1), d is river depth (m), λ is the Rn decay
constant (0.181 day−1), cgw is the concentration of Rn in GW (Bq m−3) and cr is the Rn
concentration in the river water (Bq L-3).
To express the uncertainty associated with the input variables in Equation (1) (i.e., cgw, cr, Q, w,
E, Fh, k and d), a Monte Carlo sampling approach was applied. This allows for the uncertainty in
calculated discharge rates based on Equation (1) to be estimated. Discharge flux is calculated
here in the absence of a distinct input of Rn from parafluvial flow (Fp). When the calculated
discharge from Equation (1) significantly exceeds the discharge indicated by concurrent gauging,
it is assumed that the discrepancy is an indication of the contribution of discharge from parafluvial
flow.

Results

Rn concentrations in the Shag River ranged from 0.9 Bq L-1 to 5.7 Bq L-1 (Figure 1). Two of the
GW Rn samples, which are collected from wells 100-200 m from the river, had concentrations
between 14.4 and 16.9 Bq L-1. The third GW sample, located approximately 800 m from the river,
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had a concentration of 179.5 Bq L-1. The combination of Rn measurements and concurrent flow
gauging suggested the existence of three gaining reaches; reaches 1, 3 and 5, as shown in Fig.1.
The gauged discharge rates were compared to those calculated using Monte-Carlo realisations of
Equation (1) with two different GW Rn input concentrations (i.e., cgw of 16 and 180 Bq L-1) for the
three gaining reaches. For one of the gaining reaches (Reach 3), the gauged discharge fell within
the calculated discharge range using a cgw value of 16 Bq L-1, whereas another of the gaining
reaches (Reach 5) displayed a gauged discharge that fell within the calculated discharge range
when the significantly higher 180 Bq L -1 cgw value was used (Figure 2). This suggests that there
were at least two different GW sources interacting with the river, and that the contribution of Rn
from parafluvial flow did not appear to be statistically significant.
The reach where Rn and flow gauging gave conflicting results as to whether the reach was
gaining or losing (Reach 2), was investigated. Concurrent streamflow gauging indicated a losing
reach. However, Rn concentrations within this reach were relatively high, from 2.0 to 2.9 Bq L-1,
which indicates GW discharge. This discrepancy may be explained by the existence of small,
localised, GW seeps, discharging at the top of this reach, as indicated by river bed-gravel Rn
samples, with parafluvial flow contributing to increased concentrations of Rn further downstream
in the reach.
Figure 1: Rn concentrations, indicated
by the coloured symbols, and flow
gauging measurements, as written in
the yellow boxes in m3 s-1, along the
Shag River. The well names and their
location, as indicated by the black
triangles, are written on the map. The
reach designation is written on the map
and indicated by the grey arrows.

Figure 2: Range of calculated discharge rates for the Shag River using different inputs of GW Rn
concentrations. The measured gauged flows are also graphed (blue symbols).
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GROUNDWATER FLOW IN THE WAIRARAPA: TOPNET AND LUCI PREDICTIONS
COMPARED WITH REAL-WORLD OBSERVATIONS
Everitt, L.1, Jackson, B. 1, Maxwell, D. 1, Moore, C. 2, Zammit, C. 3
1
Victoria University of Wellington
2
Geological and Nuclear Sciences
3
National Institute of Water and Atmospheric Research
Aims
Catchment scale hydrologic models can be used to predict flow in high and low flow scenarios, as
well as test different management schemes. Incorporating complexities of groundwater flow into
calculations within the framework of these models carries significant complications (Yang,
McMillan & Zammit, 2016). Baseflow is considered to be the relatively steady contribution of
groundwater to surface water, separate from event or fast-flow (Sophocleous, 2002). The
contribution of baseflow to streams can be calculated by a variety of methods (Kalbus et al.,
2006). Here we consider three of the most common methods: a simple flow difference method
and the Chapman and Eckhardt digital filters (Nathan & McMahon, 1990). The results can be
compared to those produced by hydrological models as an indication of whether groundwater
flow predictions are performing well. This investigation is aligned with the Smart Aquifer
Management (SAM) project, being carried out by GNS. It contributes to ensuring that catchment
scale hydrological models are time-efficient, without compromising on precision or accuracy. The
setting for this research is the Ruamahanga River in the Wairarapa region, New Zealand.

Method
Continuous flow data was provided by Greater Wellington Regional Council, collected from three
gauges along the Ruamahanga River. Baseflow separation estimates were produced from these
datasets by a simple flow difference method and through the use of Chapman and Eckhardt
recursive digital filters. The products were assessed with respect to each other in order to decide
their relative strengths and weaknesses in predicting baseflow contribution to the Ruamahanga
River. Relative contributions of baseflow and other flow are compared to results from the
catchment-scale TopNet and LUCI hydrological models.

Results
The flow difference method over-estimated baseflow contribution, most likely due to the inability
to account for all surface inputs, such as ephemeral streams and farm runoff, in the mass balance
equation. Hydrograph separation results suggested that the Chapman filter under-predicted
baseflow estimates as the baseflow was never equal to total flow during low-flow periods (Figure
1.top). The Eckhardt digital filter performed well at estimating the contribution of baseflow,
matching up well with the descending limb of the hydrograph (Figure 1.bottom) and producing
similar, albeit lower results compared with the flow difference method (Figure 2), as would be
expected. Use of the filters to separate groundwater from other flow contributions has the
potential to help better calibrate and identify appropriate model structures, improving our flow
predictions where we lack complex geological information or local knowledge. This can be used
to inform large-scale hydrological models without intensive field work at a variety of locations.
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Figure 1. Chapman and Eckhardt baseflow separation upstream of the Waihenga Bridge flow gauge for
Jan-Feb 2013, (blue) total flow hydrograph, (purple dot) baseflow estimation.

Figure 2. Estimated baseflow proportion of total flow at each site from the Flow Difference (Blue), Ekhardt
Filter (Orange) and Chapman Filter (Grey) methods.
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PARAMETERISATION OF THE REVISED UNIVERSAL SOIL LOSS EQUATION
(RUSLE) FOR NEW ZEALAND DATA AND CONDITIONS.
Benavidez, R.,1 Maxwell, D,1 Jackson, B,1
Norton, K.,1 Rogers, M,1
1

Victoria University of Wellington

Aims
Soil erosion has serious implications for land management because of its effects of nutrient loss,
river and reservoir siltation, water quality degradation, and decreases in soil productivity. The first
step in addressing these problems is identifying which areas are most vulnerable to soil erosion.
One of the most commonly-used soil erosion models is the Revised Universal Soil Loss Equation
(RUSLE), due to its relative simplicity and minimal data requirements. However, since RUSLE
was developed in the United States of America, applications elsewhere with data at different
temporal and spatial resolution require other methods of calculating factors such as rainfall, or in
the case of new land cover, different land cover factors.
The RUSLE allows a range of factors that influence soil erosion including rainfall, slope, soil,
cover and management factors to be considered. It has been modified and applied to New
Zealand, using nationally available data, to provide annual erosion rates (Dymond, 2010; Dymond
et al. 2010). However, this approach is based on only four broad land cover classes, a crude
estimation of rainfall erosivity, and does not include land management practices. While this
provided annual estimates of soil loss across New Zealand, at the catchment scale, more detailed
parameterisation accounting for different types of land cover, management practices, rainfall
erosivity and structural integrity of the soil may provide a more accurate soil loss estimates.
One of the limitations of RUSLE is that it estimates soil loss through sheet and rill erosion
(through the length-slope and steepness factor), but not from other types of erosion such as gully
erosion, channel erosion, or from mass wasting events such as landslides (Nagle et al., 1999;
Wischmeier & Smith, 1978). By not including ephemeral gully erosion, soil loss estimates can be
under-estimated (Thorne et al., 1985). The model also does not account for deposition or
sediment routing (Desmet & Govers, 1996; Wischmeier & Smith, 1978). Since it does not predict
the sediment pathways from hillslopes to water bodies, it is difficult to analyse possible effects on
downstream areas, such as pollution or sedimentation (Jahun et al., 2015). These two limitations
have implications for being able to adequately identify areas vulnerable to erosion and more
accurately estimate soil loss in more topographically complex terrain, like many areas of New
Zealand.
This study parameterises the RUSLE approach for application to New Zealand conditions and
data, bringing in more detailed land cover and management information at a temporal resolution
to allow monthly or seasonal estimates of erosion to be determined. In addition, we have also
extended RUSLE’s capability to include other types of erosion by incorporating the Compound
Topographic Index (CTI) of Thorne and Zevenberger (1985) into the topographic length-slope
component of RUSLE. The CTI is currently used in the Land Utilisation and Capability Indicator
(LUCI) to identify areas vulnerable to erosion based on upstream drainage area, slope, and the
planform curvature (Jackson et al., 2013). While it is able to identify potential locations of
ephemeral gullies, it does not account for other climatic and land management factors like
RUSLE does. Combining the RUSLE with the CTI could therefore provide a more robust way of
predicting soil erosion. This presentation will demonstrate the improvement in estimating soil loss
estimates by extending RUSLE to include the CTI approach in its soil erodibility factor.
Method
Using the Mangatarere catchment in the Wairarapa as a case study, we parameterise RUSLE for
New Zealand conditions and data. Monthly rainfall data is used with a Modified Fournier’s Index
(MFI) to refine the rainfall factor, and allow for monthly and seasonal soil erosion estimates
instead of the annual soil erosion commonly estimated with RUSLE. The land cover classification
used is more nuanced and accounts for crop type to benefit farm-scale applications. Textural
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information and organic material is incorporated in the soil erodibility factor to improve estimation
of soil vulnerability. The length-slope and steepness factor has been modified to incorporate the
Compound Topographic Index allowing gully erosion to be specifically included in soil loss
estimates.
LUCI’s erosion and sediment delivery tool is used to demonstrate the new parameterisation of
RUSLE for New Zealand. Areas at risk of erosion, and those at risk of contributing significant
sediment loading into water bodies are identified and the monthly/seasonal patterns analysed.
Comparisons are made between this modified RUSLE approach before and after the CTI is
incorporated to see how LUCI’s predictions change. The performance of the approaches are
evaluated by comparing where LUCI identifies areas vulnerable to erosion and sediment delivery
and results calibrated against sediment and stream data for the catchment.
Results
The more detailed parameterisation of RUSLE allows more accurate estimations of soil loss, and
can be used to examine monthly or seasonal variability in soil erosion vulnerability. We highlight
the utility of RUSLE at a finer temporal scale and the improvement in soil loss estimates when
more detailed cover and land management practices are included, which has wider benefits for
being able to identify and mitigate potential water quality issues across New Zealand. In addition
to the RUSLE-CTI combined method of identifying locations of erosion prone areas, the addition
of the temporal aspect can aid in identifying which months in the year erosion management would
be more useful.
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LESSONS FROM 25-YEARS OF PMP/PMF STUDIES IN NEW ZEALAND
Jack McConchie1 & Paul Mitchell2
1
Opus International Consultants Ltd
2
MitchHydro Ltd
Aims
It is now 25 years since Tomlinson and Thompson (1992) developed a generalised methodology
for determining the ‘Probable Maximum Precipitation’ in New Zealand. This paper reviews the
results of over 60 PMP/PMF studies to identify any key trends and relationships.

Method
The definition of Probable Maximum Precipitation (PMP) accepted by the World Meteorological
Organization (WMO, 1986) is “theoretically the greatest depth of precipitation for a given duration
that is physically possible over a given size storm area, at a particular geographical location, at a
certain time of year.” The key feature of the PMP is that it must be a realistic and
meteorologically possible event, with a magnitude controlled by the meteorological and
catchment conditions.
The US Bureau of Reclamation defines the PMF as "the maximum runoff condition resulting from
the most severe combination of hydrologic and meteorological conditions that are considered
reasonably possible for the drainage basin under study” (Cudworth, 1992).
Tomlinson & Thompson (1992) provided a methodology for estimating the Probable Maximum
Precipitation (PMP) for any catchment. The theory and meteorological principles underpinning
the development of this methodology are defined in WMO (1969, 1986, & 2008/9) and ICOLD
(1992). Converting the PMP to a PMF at the point of interest is achieved through a combination
of either a rainfall-runoff model or unit hydrograph, and a hydrologic routing model. The
estimates of PMP in Tomlinson & Thompson (1992) are for summer when dew point
temperatures are highest. This is because the estimation of PMP is almost exclusively used for
derivation of the PMF which looks only at maximum discharge.
Since Tomlinson & Thompson (1992) and Campbell et al. (1994) there have been no new
PMP/PMF methodologies adopted or developed for New Zealand. While various ‘shortcut’ and
modified methods exist, particularly for small catchments and short duration storm events, these
do not contain the depth of research which supports the generalised method.
There have now been at least 60 individual studies, in catchments ranging in size from 0.35km²
(Kaimai HEPS – Dry Gully) to 20,500km² (Clutha at Balclutha), which assess both the PMP and
resulting PMF.

Results
Although few studies have been undertaken on small catchments i.e. <1km², those data which
are available relating to the peak discharge as a result of a PMP event show a number of
features:
•

There is a strong relationship between catchment area and peak discharge;

•

There is increasing scatter with increasing catchment size;

•

Despite the increasing scatter, an upper envelope appears to fit the data well;

•

Catchments dominated by pumice tend to have a lower PMF peak discharge than
catchments of a similar size in other lithologies;

•

While the more extreme values allow a relatively ‘tight’ upper envelope, there is
significantly more scatter among those catchments with a lower PMF yield;

•

The relatively large degree of scatter prevents the development of a robust statistical tool
for estimating the peak PMF discharge on the basis of catchment area alone;

•

From a dam safety perspective, the upper envelope provides a ‘worst case’ scenario for
the maximised PMF; and
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•

These data allow the results of future studies to be placed in context, and for a quick and
simple reality check to be undertaken.
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REDOX CHARACTERISTICS OF SHALLOW GROUNDWATER IN THE TARARUA
GROUNDWATER MANAGEMENT ZONE.
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1
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2
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Aims
We aimed to (i) develop a direct-push method to effectively sample groundwater from a wide
range of geological settings; (ii) analyse chemical and physical characteristics of groundwater and
determine their redox potential; and (iii) identify the influence different catchment characteristic
such as soil texture and drainage and rock types on groundwater chemistry and its redox
characteristics across the Tararua GWMZ.

Method

The Tararua Ground Water Management Zone (Tararua GWMZ) encompasses about 3,163 km 2
between the southern Hawkes Bay and the northern Wairarapa, extending roughly from
Norsewood and Ormondville in the north, to Alfredton in the south (Figure 1). The Tararua GWMZ
is bordered to the east by the Puketoi Ranges and to the west by the Ruahine and Tararua
Ranges. The existing geographical information was collated and analysed to map spatial
distributions of landuse, soil types and lithologies across the study area. This information was
utilised to identify potential site locations for sampling and analysis of groundwater spread across
the study area. A simple cost-effective direct-push system was developed that allowed sampling
of groundwater in areas not constrained by the location of existing wells. A handheld smarTROLL
multi-parameter instrument was used in-field to measure dissolved oxygen (DO), pH,
oxidation/reduction potential (ORP), temp, and specific conductivity of the groundwater samples
collected. The collected groundwater samples were also sent for laboratory analysis of major
cations, anions, dissolved inorganic carbon (DIC), dissolved organic carbon (DOC), nutrients
(NO3-N, NO2-N, NH4+-N), metals, sulphates and phosphates. This dataset (n = 43) was combined
with that of (Rivas et al., 2017) (n = 56) and classified according to water type and redox status.
It is being further analysed using Hierarchical Cluster Analysis (HCA), Principal Component
Analysis (PCA), and Linear Discriminant Analysis (LDA) to determine key physical influences on
the redox characteristics of the groundwater across the study area.

Results
The direct-push system proved to be robust and capable of penetrating a range of substrates
including deep, well imbricated, coarse gravels to collect shallow groundwater samples.
Groundwater samples were recovered not only from recognised aquifers, but also from areas
considered not to have groundwater such as the mudstone country east of Eketahuna and areas
where existing wells are sparse such as along the margins of the axial ranges. A total of 66 sites
in a range of soils and lithologies were attempted, and groundwater was recovered from 43 of
those sites. The in-field and chemical analysis revealed a significant variation variety of
groundwater quality parameters across the Tararua GWMZ e.g. DO varied from 0.03 to 9.05 mg
L-1; ORP from -398 to 354.3 mV; DIC from 1.5 to 120.3 mg L-1; DOC from 0.106 to 17.9 mg L-1;
Fe2+ from 0.004 to 16.8 mg L-1; Mn2+ from 0.004 to 2.58 mg L-1; NO3- -N from 0.01 to 15.82 mg L1; SO 2- from 0.004 to 160.8 mg L-1.The groundwater quality analysis also revealed the spatial
4
variation of redox status of groundwater across the study area (Figure 1). The influence of
different catchment characteristics such as soil texture and drainage, and rock types on
groundwater chemistry and its redox characteristics is being analysed and will be presented at
the conference
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Figure 12: Map of the Tararua Groundwater Management Zone. showing location and redox status of the
sites sampled, existing wells n = 56, direct-push n = 43 (direct-push site symbols are marked with a central
dot).
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FLOOD FREQUENCY ANALYSIS: COMBINING A SYSTEMATIC RECORD WITH
HISTORICAL, REGIONAL, MODEL AND ANALOGUE INFORMATION
McKerchar, A.I.1, Griffiths, G.A.1, Reynard, B.2
1
NIWA, Christchurch
2
CEMAGREF Centre de Lyon, France
Aims
Information about floods that occurred before systematic flow recording began is available for
many rivers. In addition, regional frequency estimation schemes, rainfall-runoff models and
analogue basins can provide preliminary estimates of flood frequency regimes at many locations.
The aim of this paper is to demonstrate systematic combination of these preliminary estimates
with results of standard flood frequency analysis of systematic records.

Method
We use a Bayesian Markov Chain Monte Carlo inference approach (Renard et al., 2006) to
provide estimates of the desired flood quantiles. The methodology is detailed in a number of
published papers (Merz et al., 2008; Neppel et al., 2010; Parkes and Demerit, 2016).
To illustrate the utility of the scheme, we apply it to predict 100 and 300 year return period flood
peaks for the Waimakariri River at the Old Highway Bridge (OHB). Because of its size, potential
to overflow and proximity to Christchurch, this river is a major flood hazard. Systematic recording
of the flows began in 1967, and we use 49 years of data up to 2015.
Historic information is assembled using stage records for the Waimakariri Gorge Bridge, some 53
km upstream of the OHB. A correlation between the stage at Gorge and OHB flows for all
significant floods in the systematic record (1967-2015) allows estimation of 37 OHB annual
maxima for the period 1930-1966. The additional annual maxima have larger errors of estimate
than the flood peaks in the post-1966 systematic record. Regional analyses (Griffiths et al., 2011),
rainfall-runoff modelling (Griffiths et al., 1989) and analogue basins that have similar hydrological
responses to storm rainfalls (Robson and Reed, 1999) are additional sources of flood information.

Results
Figure 1 plots the annual maxima for the river for the 86 year interval 1930-2015. Note that the
two largest peak flows (1940 and 1957) occurred before systematic recording began in 1967.
Table 1 presents a sample of the results for 100 and 300 year return period estimates from our
paper (Griffiths et al., 2017) using the General Extreme Value frequency distribution. Substantial
reductions in standard errors of estimate occur as more information (more data and prior
information) is introduced into the estimation process. However in the case of the pre-1967
historic data, the additional variability of the two large early floods seems to be more or less
balance the reduction in variability induced by the additional data (compare rows 2 and 3).
Table 1: Prediction of Q100 and Q300 values, standard errors from combinations of systematic and other
information for the Waimakariri River at Old Highway Bridge.
Systematic

Combination

record

100 yr flood

Standard error

300 yr flood

Standard error

peak (m3/s)

(%)

peak (m3/s)

(%)

1996-2015

Systematic

3350

86

4060

129

1967-2015

Systematic

3710

28

4750

39

1930-2015

Systematic + historical

4320

28

5900

38

1930-2015

Systematic + historical +

4010

13

4860

16

other information
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This assessment of the methodology using the “data rich” Waimakariri River situation
demonstrates that the scheme can provide useful outcomes. We anticipate that it will prove useful
in a number of situations where sources of hydrological information in addition to systematic
records covering a number of years are available.

Figure 1: Time series of annual maximum flood peak discharges for Waimakariri River at Old Highway
Bridge (1930-2015). Systematic recording began in 1967 and the earlier values are estimated by correlation
with levels from an upstream site.
References
Griffiths, G.A., Pearson C.P., Horrell G.A., 1989: Rainfall-runoff routing in the Waimakariri Basin, New
Zealand. Journal of Hydrology (NZ) 28(2): 111-122.
Griffiths, G.A., McKerchar A.I., Pearson C.P., 2011: Review of flood frequency in the Canterbury region.
Report CHC2011-045, National Institute of Water and Atmospheric Research Ltd, Christchurch, NZ, 22p.
Griffiths, G.A., McKerchar A.I., Renard, B., 2017: Flood frequency analysis: combining a systematic record
with historical, regional, model and analogue information. Journal of Hydrology (NZ), 56(1).
Merz, R., Bloschl, G., 2008: Flood frequency hydrology: 2 Combining data evidence. Water Resources
Research 44: WO8433, doi; 10.1029/2007WR006745.
Neppel, L., Renard, B., Lang, M., Ayral P-A., Coeur, D., Gaume, E., Jacob, N., Payrastre, O., Pobanz, K.,
Vinet, F., 2010: Flood frequency analysis using historical data: accounting for random and systematic errors.
Hydrological Sciences Journal 55(2): 192-208.
Parkes, B., Demeritt, D., 2016: Defining the hundred year flood: a Bayesian approach using historic data to
reduce uncertainty in flood frequency estimates. Journal of Hydrology 540:1189-1208.
Renard, B., Garreta, V., Lang, M., 2006: An application of Bayesian analysis and Markov chain Monte Carlo
methods to estimation of a regional trend in annual maxima. Water Resources Research 42, W12422,
doi:10.1029/2005WR004591
Robson, A., Reed, D.W., 1999: Statistical procedures for flood frequency estimation. Vol. 3, Flood
Estimation Handbook. Institute of Hydrology, Wallingford, UK, 241p.

142

NATIONAL ENVIRONMENTAL MONITORING STANDARDS (NEMS): CONSISTENT
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Aims
The National Environmental Monitoring Standards (NEMS) project is an initiative of the
Environmental Data Special Interest Group (SIG) (formerly LAEMG). NEMS is endorsed by the
Resource Managers Group (RMG) and the Regional Chief Executives Group (RCEG), and is
supported by Ministry for the Environment financially, and regional councils, NIWA, GNS and
other industry organisations, both financially and ‘in-kind’.
.
The project aims to create a set of National Environmental Monitoring Standards (NEMS) for the
collection of environmental data across New Zealand. The intention is to assist in ensuring the
consistency in the application of work practices specific to environmental monitoring and data
acquisition throughout New Zealand.
The NEMS project is directly aligned with other national level projects such as the EMaR project,
of which LAWA (Land and Water Aotearoa) is a key component.

Method
The NEMS project seeks to develop and publish, in collaboration with experts from across the
environmental monitoring industry, a series of documents setting out standard methods for the
collection, handling and storage of data for a range of environmental parameters.
The vision for NEMS is that a consistent set of standards, guidelines and standard operating
procedures are established to drive the provision of consistent, high quality, robust environmental
data-sets that can be used with confidence at a local, regional and national level.
The purpose of the NEMS Steering Group is to provide a mechanism to draw upon the combined
skills and knowledge held within the environmental monitoring industry (regional councils, NIWA
and the major energy companies) to produce the best standards possible.
This presentation is intended to describe the process that each document under-goes through to
completion and eventual review, decision-making processes, funding sources and plans for the
future.

Results
To date a number of documents (NEMS, guidelines and codes of practice) have been produced
and are publically available at www.NEMS.org.nz. These are now in the process of being
implemented by regional councils and other monitoring agencies across New Zealand.
At the time of writing this abstract, the NEMS Steering Group is awaiting confirmation of further
funding to advance the project by completing documents currently in progress, developing further
priority NEMS, and conducting scheduled reviews of complete documents.
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HYDROLOGICAL IMPACTS OF NATURAL VEGETATION CHANGE AT GLENDHU,
EASTERN OTAGO
Florence C. Mills,1 Sarah M. Mager,1 Nicolas J. Cullen1
1
Department of Geography, University of Otago
Aims
Snow tussock grasslands provide a range of hydrologically important ecosystem services which
are highly valued. For example, the provision of clean, freshwater for downstream users has been
a key hydrological service provided by indigenous snow tussock grasslands in New Zealand and
has been a fundamental reason for their inclusion in the conservation estate. However, there has
been a notable increase in the occurrence of shrubby species in tussock grasslands in recent
years. Little is known about the effects of vegetation change from indigenous snow tussock to
woodier species, but it is unlikely that woody species will have the same ability to suppress
transpiration and minimise water usage as tussock plants (Fahey and Payne, 2015). Research
was undertaken in the tussock catchment at the Glendhu experimental catchments in Otago to
investigate the impact of vegetation change from ungrazed snow tussock to mānuka shrubland,
on the water yield of the catchment.

Method
Two automatic weather stations were installed in the tussock catchment at Glendhu from
December 2016 to August 2017. One weather station was positioned in a tussock grassland and
a second in a patch of mānuka shrubland. Reference crop evapotranspiration (ETo) was
calculated using the FAO-56 method for both tussock and mānuka vegetation for a nine-month
period. A crop coefficient of 0.3 was used for the tussock dataset (Isaacs et al., submitted). A
crop coefficient was calculated for mānuka using actual evapotranspiration values collected over
the mānuka patch using eddy correlation data. The eddy correlation tower remained in place from
mid-December 2016 through to mid-May 2017. These crop coefficients were then applied to
reference crop evapotranspiration values for tussock and mānuka and were compared.

Results
There has been a noticeable decrease in water yield from the tussock catchment between 1980
and 2016 while there has been no change in precipitation over this time period. The trend of
declining runoff is especially evident since 2010 where there is a noticeable divergence between
the runoff and precipitation data series (Figure 1). The change in water yield trends coincides with
an increase in mānuka shrubland on the sunnier north- and east-facing slopes. Preliminary
results suggest that mānuka vegetation has higher evapotranspiration rates during warmer
months than tussock vegetation. During cooler months, there appears to be smaller differences in
evapotranspiration rates between the two vegetation types.
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Figure 1: Anuual precipitation (mm) and runoff (mm) from 1980 to 2016 in the tssuock catchment at Glendhu
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From soil to groundwater: assessing the leaching potential of cadmium across
gradients of soil type and land-use
Mohammadi, A.,1 Hartland, A.,1 Balks, M.,1
1

Environmental Research institute, School of Science, University of Waikato, New
Zealand
The productivity of agriculture, the mainstay of New Zealand (NZ) economy, relies on the annual
application of millions tons of fertilizer to maintain soil fertility. Phosphate fertilizers contain
contaminants including cadmium (Cd), which pose threats to environmental and agricultural
sustainability. Fertilizer applications have resulted in the accumulation of Cd in soils across NZ
and there is evidence that Cd leaching from Waikato soils is occurring. This study addresses the
potential for Cd mobilization to groundwater through the application of a recently proven isotopic
approach to tracing sources of Cd in NZ soils. Diffusive gradients in thin films (DGT) is an
established in-situ passive sampling technique that can provide diverse information on the
concentration and behavior of contaminants in soils and groundwater, including chemical
speciation and bioavailability. This study aims to combine DGT and Cd isotope measurements to
ascertain the proportion of fertilizer-derived Cd in shallow aquifers. We propose to deploy DGT in
groundwater-monitoring piezometers across NZ and seek collaborative relationships with NZ
regional councils to develop this new approach.
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INVESTIGATION OF A FLOOD FORECASTING TOOL FOR SOUTH DUNEDIN
Mohssen M,1
1
Otago Regional Council
Aims

South Dunedin has an area of about 5.7 km2, and it was significantly impacted by the flood event
of the 3rd of June 2015. Having a suitable flood forecast model would support needed
preparations and management before the occurrence of the event. The main aim of this paper
has been to develop a HEC-HMS model for the flood forecasting of South Dunedin area.

Method
As South Dunedin is an urban area, and not a traditional river catchment area, it was a challenge
to simulate its runoff process by using HEC-HMS model. There is no flow data to be used for
estimating the model’s parameters and supporting model’s calibration and validation. However,
flows from the pump stations, which pump the collected storm and waste water to the harbor and
the sea have been analyzed and utilized to estimate total runoff corresponding to several rainfall
events. An estimated 3.32 km2 of the hilly areas surrounding South Dunedin contribute to this
flood water. 49 observed rainfall events along with their corresponding pumped flows have been
identified and analyzed to estimate runoff from the region during rainfall events. The June 2015
flood event was used for the HEC-HMS model’s calibration, and a simple iteration approach was
applied to estimate the parameters of the loss function of the model “the initial loss and the
constant rate” such that the estimated runoff of this event is reproduced. As the concentration
time for a small area such as South Dunedin is quite short (less than an hour), the runoff
hydrograph was estimated from the observed rainfall hyetograph by applying the concept of the
rational method, and using the estimated runoff coefficient for this event.
The other
model’sparameters were finalized through the optimization process within the model’s calibration
to reproduce the estimated runoff hydrograph.

Results
The relation between the observed rainfall at Musselburgh and the corresponding estimated
runoff shows a strong linear relationship with a slope (runoff coefficient based on all events) of
0.75. However, the relationship between the observed rainfall and the estimated runoff coefficient
for every event showed an ascending trend for the runoff coefficient as rainfall increases up to a
rainfall of about 36 mm, after which the runoff coefficient stabilizes with an average value of about
0.80 for rainfall events higher than 36 mm. The model was validated by applying it to simulate
other big events, and performed well. Figure 1 shows the application of the developed model to
simulate the 12th of April 2017 event. This developed model is still under investigation for
potential development/improvement, but it showed that a reliable model for flood forecasting of
South Dunedin is achievable.
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Figure 1: Model Validation: Simulation of the April 2017 Event
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METRICS FOR SIMPLIFICATION IN THE DECISION-MAKING CONTEXT
Catherine Moore,1 and John Doherty2
GNS Science1, Watermark Numerical Computing2
Aims
The Smart Models for Aquifer Management (SAM) project attempts to provide a philosophical,
mathematical and practical basis for the widespread construction of simpler models than those
that have traditionally been used to explore critical New Zealand environmental issues. It is hoped
that this will promulgate the use of decision-specific models which are rapidly built, easily
calibrated and readily deployed to support key decisions required of New Zealand environmental
regulators and managers. Such models have the capacity to replace the large, cumbersome
simulators which are currently employed to support environmental management. Their cheap
construction, calibration and deployment can facilitate the use of many such models at locations
which are not presently receiving modelling attention. We present a synthetic modelling study to
demonstrate the ‘fit-for-decision/purpose’ approach to model design, with applications to the limit
setting context in New Zealand.

Method
We propose metrics, and demonstrate their application, in assessing model simplification
alternatives in selected decision making contexts. Though general in their relevance, we adopt
linear subspace analyses for their theoretical and practical application. Using these analyses it is
possible to quantify the costs and benefits of alternative simplification strategies in various data
and decision contexts. See Doherty and Moore 2017a and b for details.
Central to any analysis of the costs of simplicity is a recognition of the benefits of complexity.
While complexity may provide a façade of predictive accuracy through claims of superior
representation of the innate complexities of environmental systems, it does not follow that this
leads to more accurate predictions. What it actually provides is the potential for more accurate
characterization of the uncertainties associated with environmental predictions. In some cases it
can also promulgate a substantial reduction in these uncertainties through the superior
receptacles that it provides for information that is resident in expert knowledge, and in the
historical behavior of the system. However, more often than not, these abilities to quantify and
reduce predictive uncertainty are lost because of the long run times, and numerical weaknesses
that commonly beset complex models. Where predictive uncertainties are large because of data
paucity, the benefits of model complexity fade. At the same time, the case for model simplicity is
correspondingly enhanced, provided that means can be found to evade construction and
calibration-induced predictive bias incurred by model simplicity, and to quantify predictive
uncertainty without having to represent all of the nuances of an environmental system that
contribute to that uncertainty.

Results
We exemplify application of the metrics by quantifying the benefits of eschewing transient
calibration of a model used in stream depletion analysis, and instead relying solely on steady
state calibration. The costs of such a strategy are twofold:
a) Failure to reduce predictive uncertainty to as low a value as would result if transient
information were not foregone;
b) Accrual of parameter and predictive bias through assumption of an historical equilibrium
system condition which does not exist in practice.
The benefits of steady-state-only calibration are its comparative numerical ease, and the fact that
information that is resident in a transient calibration dataset must inform many more parameters
(those pertaining to storage and recharge) than can be informed by a steady state dataset; it is
not therefore a foregone conclusion that the uncertainties of all predictions will be reduced.
Results to date indicate that, for some types of predictions that are typical of those used in
catchment water management, increases in predictive uncertainty are not very great. The ability
to quantify this increase enables modellers to optimize the roles that models can play in decision-
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support. In particular, they can choose whether it is more beneficial to catchment management to
build a small number of transient-calibrated models or a large number of steady-state-calibrated
models.
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USE AND WORTH OF AIRBORNE-EM DATA FOR DEFINING AQUIFER HYDRAULIC
PROPERTIES
Catherine Moore1 Rawlinson Z1, Moreau M1
GNS Science1
Aims
Geophysical data from Airborne ElectroMagnetic (AEM) surveys are increasingly being used to
provide qualitative and quantitative information about hydrogeological parameters and processes.
In comparison to traditional aquifer characterization methods, the acquisition of such geophysical
data is rapid and yields information across large spatial scales. This study provides an example
for using spatially distributed resistivity data in a groundwater model and investigates whether the
acquisition of airborne electro-magnetic data is cost-effective method for refining hydraulic
conductivity distributions when compared to more traditional techniques.

Method
A data-worth assessment was used in this study. The data worth method involves quantification
of the utility of observation data in terms of how much it improves the reliability of a prediction(s)
being used to support a management or policy decision. The greater the value of a data type or
an observation location, the more it enhances the certainty with which the model is able to predict
such environmental behaviour. Moore (2005), for example, investigated the relative worth of
spatially distributed head and hydraulic conductivity measurements with respect to the reliability
of contaminant transport predictions. Other examples include Dausman et al. (2010) who
compared the worth of salinity and temperature observations for predictions of the location of a
theoretical salt water– fresh water interface. Fienen et al. (2010) demonstrated the use of the
data-worth method in a hypothetical water-level monitoring network design. Engelhardt et al.
(2013), assessed the use of the artificial sweetener acesulfame as conservative tracer for sewage
related fluxes and its value in constraining simulated water and mass-fluxes. Wallis et al (2014)
extended the method by combining data-worth with an assessment of analysis costs, to
determine the cost effectiveness of a range of tracer test design strategies.
In this example, we examine the worth of utilizing a resistivity distribution derived from AEM data
for informing hydraulic property heterogeneity patterns in thethe subsurface, in comparison with
more traditional aquifer characterization methods such as pumping tests. As part of this
assessment we have used an identifiability index, which provides a measure of the reliability of
parameter estimates based on the available data, ranging from 0 to 1 for a perfectly estimated
value. The cost effectiveness assessment is then made in the context of a groundwater impact
assessment examining the long-term pumping effects on groundwater levels and the ability of
existing groundwater users to abstract at their desired yields.

Results
Initial analyses of the Cromwell model case study data indicate that use of the AEM data greatly
improves the reliability of hydraulic property estimates. Parameter identifiability analysis showed
an increase in parameter reliability by 200-2000%, when using the EM data. The impact of this
improved parameter reliability in terms of improved predictive reliability is now being examined,
focusing on the worth of this EM data in terms of the extent to which it improves the reliability of
groundwater level drawdown impact assessments, stream depletion estimates, and well head
protection zones. The added value of drilling and testing at new locations versus that of using
geophysical data is also being examined.
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SMART MODELS FOR AQUIFER MANAGEMENT FOR BETTER DECISIONS PROGRESS IN YEAR TWO
Catherine Moore,1 Abigail Lovett1, Sandy Elliot2 Christian Zammit2, Garry McDonald3,
Murray Close4, Bethanna Jackson5, John Doherty6, Ton Snelder7, David Scott4
GNS Science1 NIWA2, Market Economics Ltd3, ESR4, Victoria University of Wellington5,
Watermark Numerical Computing6, LWP Ltd7
Aims
The Smart Models for Aquifer Management Programme arose from a need to seek alternative
approaches to decision-support modelling from that which has become the norm. In general,
most models built as a basis for decision-support fail to live up to expectations because they are
too costly, too numerically delicate, and cannot quantify the extent to which their predictions may
be in error. Their excessive cost restricts the number of models which can be built, and hence the
extent to which model-based environmental data processing can enhance the ability of decisionmakers to make the best decisions.

Method
A number of different methods are being explored in the SAM Programme to open up new
possibilities for model-based decision support, including:
•
•

•

•

•

•

Predictions made by simple models may be biased. In many cases, this can be avoided
through prediction-specific model construction, and through adoption of calibration
strategies which filter out potentially bias-inducing components of a calibration dataset.
Providing a theoretical and practical framework through which the costs and benefits of
model complexity/simplicity can be assessed when modelling is undertaken to support
environmental decision-making. The absence of this framework is largely responsible for
the “complexity bias” that pervades present-day modelling culture. Research has already
delivered a comprehensive theoretical work which seeks to elaborate the costs and
benefits of simplicity/complexity in model-based decision support (Doherty and Moore
2017a and 2017 b).
By applying that framework to assess the role of calibration in the construction of
decision-support models. Model calibration is one of the most time-consuming (and often
contentious) aspects of most modelling projects. Outputs of this research suggests that,
for many decision-pertinent predictions, considerable cost-savings can be gained through
calibrating a simplified model against only certain components of an overall calibration
dataset, while incurring only limited increases in predictive uncertainty. In some cases,
where historical data has very little bearing on predictions required of a model, the
calibration process can be omitted, with little rise in predictive uncertainty.
By suggesting methodologies through which existing groundwater simulators can be
employed in construction of simple, decision-specific, models which are rapidly built,
easily calibrated, and readily deployed to address key issues faced by New Zealand
environmental decision-makers. Such models would have the capacity to replace the
large, cumbersome models which are currently employed to address these issues. Their
cheap construction, calibration and deployment would facilitate the construction of many
such models at locations which are not presently receiving modelling attention.
Through assessing the use of existing, simple-model frameworks in decision-making
contexts of interest to SAM Programme stakeholders. These include the LUCI, TOPNET
and CLUES models. Assessment of these models will be based on metrics defined
through the theoretical component of the current research.
Through reviewing denitrification rates and advancing desktop assessments of
denitrification potential. A statistical method to identify areas where low, moderate and
high denitrification rates may be expected (e.g., based on redox status) has been
developed using linear discriminant analysis, and the uncertainties associated with this
method are being analysed. A review of denitrification rates has also been undertaken
and is in the progress of being written into a scientific paper for dissemination.
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•

•

By assessing the impact of model simplification for decisions related to ecological
impacts. The model errors arising from simplification of surface water-groundwater
models are inherited by models such as ecological impact models which base their
calculations on numbers generated by these models. Ecological models are used to
estimate periphyton growth in streams based on nitrate concentrations, and/or lake water
quality impacts from changes in nitrate fluxes into the lake.
Assessment of the impacts of hydrological model simplification on decisions impact our
economy. Errors arising from simplification of surface water-groundwater models are
inherited by economics models that use the outputs of these models (e.g. when
determining the costs associated with restrictions in nitrate applications to pasture and
the related loss in pasture growth). The implications of these costs are felt both at the
farm gate and throughout the wider community.

Results
Key findings and suggestions from work completed to date include the following:
• Predictions made by simple models may be biased. In many cases, this can be avoided
through prediction-specific model construction, and through adoption of calibration
strategies which filter out potentially bias-inducing components of a calibration dataset.
• Simple models may under-estimate predictive uncertainty. This can jeopardize their use
in risk analysis, an important component of the decision-making process. Use of a simple
model must therefore be accompanied by an appropriate “engineering safety margin”.
The SAM Programme is attempting to assess the magnitude of this margin in decisioncontexts that have been identified as important by SAM Programme stakeholders.
• In the stream depletion decision contexts examined so far, only slight increases in
uncertainty of predicted changes to groundwater baseflow have been incurred through
simplifications examined.
• Please refer to the poster presented by Lovett et al., 2017 for a summary of the
associated decisions considered in the SAM Programme.
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WHAT MAKES LONG-TERM MONITORING PROGRAMMES
ADVANCING SCIENCE AND POLICY: THE NGMP CASE STUDY

EFFECTIVE

IN

Moreau M,1
1
GNS Science
By 2025, regional authorities are required by the Ministry for the Environment to set affordable
and practical monitoring plans to measure the extent by which values defined at the community
level are achieved within freshwater management units while recognizing the importance of longterm monitoring (Ministry for the Environment, 2014 and 2017). However, how the effectiveness
of monitoring programme will be evaluated is unclear.

Objective
This paper will assess the effectiveness of the National Groundwater Monitoring Programme
(NGMP) in supporting good groundwater management and policy; and review the responsibilities
of both the NGMP and groundwater resource managers to maintain effective, long-term
monitoring programmes.

Method
Following the method developed by Lovett et al. (2007), the long-term record of NGMP was
evaluated against the following four questions:
• Is long-term monitoring of groundwater quality a scientific endeavour?
• Is it cost-effective?
• Are the data used effectively?
• Can it be used to answer future research and/or policy issues?

Results
The NGMP was set up in 1996 as a scientific collaboration between GNS Science and the15
Regional Authorities with the objective to provide a national perspective on NZ's groundwater
quality. In 2002, another objective was added: to develop and disseminate best-practice methods
for monitoring, assessing and reporting on groundwater quality. These objectives are the
backbone of the programme, influencing its design, site selection, sampling frequency, protocol
and analytical suite selections and research directions. As part of the programme, essential
contextual information to understand and manage NZ groundwater resources was provided to the
public and the resources managers via the establishment of baselines (using a set of core
variables or testing new analytes as pilot surveys) and informing on extremes and long-term
patterns.
The monitoring programme operations are transparent and optimized and cost-effective. The
network is adaptive to upcoming standards. Data is held in a public, web-accessible and
database for which data management plans and quality assurance procedures are in place.
The time series dataset is regularly used for: national reporting, methods and tool development, ,
and offers an independent dataset to measure against while assessing the effectiveness of
policies and models.
Through stakeholder review of its objectives, NGMP ensures continued relevance and connection
to scientific breakthrough. Regular examination of the long-term record also leads to new
knowledge and understanding by recording changes and then investigating the causes behind
them.
While, it was found that NGMP is effective in providing long-term monitoring data that informs and
validates good management policies, maintaining valuable long-term national and regional
monitoring will remain the shared responsibility of the NGMP and groundwater resource
managers who must collectively ensure the effectiveness of monitoring programmes and commit
to adequate, stable funding.
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Figure 1: overview of the long-term outputs for NGMP. Full references and developed examples will be
provided for each statement in the paper.
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SETTING NATIONAL BASELINES FOR GROUNDWATER QUALITY TREND USING
MULTIVARIATE STATISTICS APPLIED TO A MACHINE-LEARNING-AUGMENTED
DATASET
Moreau M,1 Daughney C,2
1
GNS Science
To effectively manage anthropogenic impact on the chemical status of a groundwater body, it is
essential to determine the naturally occurring ranges of chemical concentrations (state) and how
they change over time (trend). ‘Baseline’ is a term used in environmental science to refer to the
condition of a system in the absence of human influence. Evaluation of baselines for state and
trends in groundwater quality are therefore keystones in management policies such as the
European Water Framework Directive (2006/118/EC), which aims to maintain or restore a
groundwater body to a ‘good’ status with consideration for general water quality, ecosystem
impact and saline intrusion.
The first assessment of baseline for trends in New Zealand’s groundwater quality was undertaken
in 2006 using data from ca. 100 sites in the National Groundwater Monitoring Programme
(NGMP). Recent compilation of data from ca. 1000 regional council State of the Environment
(SOE) groundwater quality monitoring sites has provided an opportunity to evaluate baseline
trends across a larger dataset. However, the aggregated SOE dataset contained a large portion
of missing data (i.e. results not available for all parameters in all samples), which severely
hampered the use of multivariate statistical methods.

Aims
The objectives of this paper are to: 1) overcome the issue of missing data in the SOE
groundwater quality datasets using machine learning (ML) pattern recognition techniques and 2)
define baseline trends for NZ groundwater quality using multivariate statistics on the MLenhanced dataset.

Method
Trend analysis was conducted on groomed, aggregated time series data from the NGMP and
regional council SOE programs covering the 2005-2015 time period. Thirteen chemical
parameters were selected to enable identification of key processes, such as water-rock
interaction (field conductivity, Na, Ca, Mg, K, HCO3, Cl, SO4, NH3-N, NO3-N, Fe, Mn. Out of 620
sites for which trend assessments could be performed for at least one parameter, there were only
234 sites for which trends could be evaluated for all 13 parameters (complete cases).
Multivariable data ML imputation was performed using an instance-based method (k-nearestneighbor) for sites at which less than 50% of the information was missing. Subsequently,
hierarchical cluster analysis (HCA) was conducted on the normalized (z-scored) trend
magnitudes of the ML-augmented dataset (n=590), following the methodology of Daughney and
Reeves (2006). The effect of ML data imputation on the clustering was assessed by comparing
the results of HCA conducted on the complete cases only, with an artificial dataset derived from
the complete cases where data was imputed to reflect the pattern of missing data in the full
dataset.

Results
The clusters obtained from the complete cases and the ML-augmented dataset were found
statistically similar (Fowlkes-Mallows Index of 0.898, k=8). For the ML-augmented datasets,
excluding the most dissimilar sites, the dendrogram (Euclidean distance, Ward linkage rule)
exhibited three groups (n=579). Group 1 (97% cases) exhibited low magnitude increasing trends
for most parameters. Due to the large sample size, this group was further refined to four groups,
two of which were sizeable (67% and 20% of cases). This result is consistent with the trendbased clusters previously identified (Daughney and Reeves, 206), where the larger cluster was
reflecting Water-Rock interaction. The largest, Group 1-1, was characterized by low magnitude
increasing trends, interpreted to indicate natural rock-interaction. The second largest group,
Group 1-2, exhibited larger magnitude increasing trends for a number of parameters which have
been associated with land use impact (conductivity, SO4, Na, K, NO3-N, Mg). Group 2 (1%
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cases) exhibited mostly decreasing trends, except for HCO3. The last and most dissimilar group
2%), Group 3, was associated with increasing trends except for a strong decrease in Mn, with
equal occurrence in confined and unconfined wells screened in gravels, located in the Wellington
region. Depth ranges of wells were large and similar between groups.
Natural trend baselines were defined as the magnitudes from Group 1-1 between the 5th and the
95th percentiles. For instance, for NO3-N, the trend baseline range was -0.30 to 0.08 mg/L per
year for NO3-N. In contrast, in Group 1-2, the 25th, 50th, 75th and 97th trend magnitude percentiles
NO3-N were: 0.11, 0.18, 0.32 and 0.74 mg/L per year, respectively. All of which are above the
upper baseline defined by Group 1-1.
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AMURI IRRIGATION COMPANY PIPE PROJECT
Matthew Morgan,1
1
Amuri Irrigation Company
Amuri Irrigation Company (AIC) is a farmer owned company that operates the Waiau and
Balmoral Irrigation Schemes in the Amuri Basin, North Canterbury. These two schemes were
constructed by the Ministry of Works in the late 1970’s and early 1980’s and have previously
irrigated an area of 22,000 hectares. Distribution was by a network of supply races with farms
originally using border-dyke flood irrigation. Over recent years the majority of farms have
converted to more efficient spray systems but the supply system has remained unchanged. AIC
estimates the open channel network is subject to losses in the order of 30% through leakage and
operational by-wash. This has led AIC to invest in upgrading to a pipe scheme.
The approximately 100m of fall from west to east across the Amuri Plains allows for water to be
supplied at pressure to most farm offtakes. Booster pumps are still required to achieve target
pressures in the western area of the basin but piping means the overall energy load for irrigation
pumping will reduce by approximately 50%. The pipe network has had capacity installed to allow
for the future installation of three small hydro-electricity generation plants.
The pipe network consists of the following:• 131 kilometres of pipe
• 4 main pipelines – 3 from the Waiau Scheme (Waiau River) and 1 from the Balmoral
scheme (Hurunui River)
• Maximum pipe diameter 1.6 metres
• 2 crossings of the Pahau River
• 32 individual pump stations
• 9 combined pump stations
• 180 farm offtakes
The main construction contract was let in August 2016 with construction completion due in
September 2017. The total budget for the project is approximately $85 Million.
The presentation will cover a range of the issues and challenges AIC have experienced through
the design, construction and commissioning phases of this project.
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HERETAUNGA PLAINS AQUIFERS: GROUNDWATER DYNAMICS, SOURCE AND
HYDROCHEMICAL PROCESSES FROM AGE TRACERS AND HYDROCHEMISTRY
Morgenstern U1, Begg JG1, van der Raaij RW 1, Moreau M1, Martindale H1, Daughney C1,
Franzblau R1, Stewart M2, Toews M1, Trompetter V1, Kaiser J1, Brown L3, Gordon D4
1

GNS Science, PO Box 30368, Lower Hutt 5040, New Zealand
Aquifer Dynamics and GNS Science
3
formerly with GNS, now retired
4
formerly Hawke’s Bay Regional Council, Private Bag 6006, Napier 4142, New Zealand
2

Aims
This collaborative study between Hawke’s Bay Regional Council, Hastings District Council,
Napier City Council, and GNS Science aims to improve our understanding of the Heretaunga
Plains aquifers in regards to groundwater recharge sources and rates, flow dynamics, and
interaction between groundwater and surface water. This information is key to sustainable
management of this hydrologic system including preserving the drinking water security, and the
integrity of the aquifers and surface waters that receive inflows from groundwater.

Method

This study utilises tritium, CFCs, SF6, 2H, 18O, Ar, N2, CH4, radon and major/minor ion
hydrochemistry data with respect to understanding the dynamics of the groundwater from
recharge to discharge and interaction with surface water, and understanding the processes that
control the hydrochemical properties (quality) of the groundwater including denitrification.
Age tracer and isotope data are available from c. 160 ground- and surface water sites.
Groundwater wells are located across the Heretaunga Plains. In the east, near the Ngaruroro
River, the wells are typically shallow, with depth ranging from 7 to 40 m. In the west, towards the
coast, wells are typically becoming deeper as the depth to the confined aquifer increases. Around
Hastings, a number of wells are significantly deeper, between 100–200 m.
Historic and recent tritium and SF6 data show that the groundwater abstracted from wells in the
Heretaunga Plains has often a complex age distribution. A refined 3D geologic model developed
by GNS’ Urban Geology programme captures the complex structure of the aquifer system, where
well screens intersect multiple layers of a heterogeneous aquifer. Highly conductive Holocene
river gravel fans are inter-fingered with the main aquifer. This refined geological model
underpinned development of a new groundwater mixing model.
We used binary mixing models (BMM) consisting of two parallel exponential piston flow models to
represent complex age distribution. The BMMs produce excellent matches to the measured multiage-tracer time-series data collected for most (>90%) of the drinking water wells. Due to the
complex hydrogeologic setting, very young water from shallow flow pathways can be ‘hidden’ in
overall old water from the deep main aquifer. Matching the BMM to the multi-age-tracer timeseries data enabled identification of such young water.

Results
Hierarchical Cluster Analysis (HCA) results provide context for the main drivers of hydrochemistry
and recharge source, including oxic rivers and river-recharged groundwaters with little or no
elevation of nutrient concentrations, association with limestone or carbonate geology, oxic
rainfall-recharged groundwaters with moderate land-use impact and anoxic groundwater with
chemistry typical of natural conditions.
The age tracers indicate that groundwater in most of the wells within the Holocene unconfined
gravel fans of the Ngaruroro River and the Tukituki River are relatively young with mean
residence time (MRT) 0 – 10 years, and from the area of the main water loss from the Ngaruroro
River towards the coast, the groundwater within the confined aquifer becomes progressively
older. The drinking water wells southwest of Napier contain water with MRT between 20–40
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years. Further toward the coast, the groundwater becomes significantly older with MRT 40–80
years, and close to the coast the water is even older, indicating sluggish flow at this part of the
aquifer. More vigorous groundwater flow in the confined aquifer toward the coast is indicated
further south in the centre of the Plains. A tongue of very young groundwater with MRT < 5 years
extends nearly half way towards the coast, and the groundwater near the coast is still relatively
young with MRT 27–34 years. At the southern margin of the confined aquifer, older water of MRT
>70 years prevails, again indicating more sluggish flow on the margin of the aquifer. Only around
the Holocene gravel fan of the Tukituki River very young groundwaters of MRT <10 years occur.
The recharge source indicators (Ar, N2, 2H, 18O, nitrate, excess-nitrogen, and CFCs) show a
strong pattern of recharge source within the Heretaunga Plains aquifer. Two areas show a strong
indication of aquifer recharge from the Ngaruroro River: around and southwest of Napier, and a
band of river-recharged groundwater located at the centre of the Plains. It is likely that this band
represents a buried paleo river channel that is still hydraulically connected to the Ngaruroro River
and thus enables fast seaward flow of water lost from the river. This band of river-recharged
groundwater coincides with the band of young groundwaters. The Tutaekuri River appears not to
be connected to this aquifer. The unconfined area of the Ngaruroro River shows a clear indication
of local rain recharge, similar to the southern half of the Heretaunga Plains aquifer.
Radon data, despite being sparse, show a clear discharge pattern, which is consistent with
observed gain-loss patterns in rivers and streams. Low radon concentrations, indicative of no or
little interactions with groundwater, are found in the lower reaches of the Tutaekuri River. High
radon concentrations south of the Tutaekuri River indicate high groundwater discharge into the
streams, water lost from the upstream reaches of the Tutaekuri River as indicated by water massbalance. High radon concentrations in the gaining reaches of the Ngaruroro River and its
tributaries confirm groundwater discharge into the River and streams. High radon concentrations
in the drainage area south of the Ngaruroro River indicate discharge from the groundwater
system, potentially resurfacing water lost from the Ngaruroro River further upstream. High radon
concentration in the lower reaches of Karamu Stream and one of its tributaries also indicate
discharge from the groundwater system.

Conclusions
Despite the still-remaining limitations of the Heretaunga Plains age, gas, and isotope tracer data
set, it already has revealed details on large-scale groundwater processes that are not obtainable
by other hydrologic methods, with implications to the management of these water resources.
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MONITORING OF RIVER/ESTUARY/AQUIFER SYSTEM SHOWS NEED FOR
INTEGRATED MANAGEMENT
Morris, R.E.
1
Otago Regional Council
The Kakanui River and estuary in the Northern Otago Province in southern New Zealand has
long been a popular recreational area for both residents and tourists. However, long-term surface
water quality monitoring has shown an increase in nutrients in both the river and
estuary which has caused growth of macro-algae and reduced recreational use. Otago Regional
Council has set a nitrogen target for the Kakanui River of 0.075 mg/L. It has also set a nitrogen
leaching rate of 20 kgN/ha/yr over the adjacent Kakanui-Kauru Alluvium aquifer, which is a thin
gravel aquifer highly connected to the Kakanui River. In a bid to understand the groundwatersurface water interaction with respect to nitrate losses and effects on the Kakanui River, a
monitoring program is being carried out. Fifteen monitoring bores and 14 surface water quality
and/or flow sites have been monitored on a fortnightly / monthly basis from March 2014 to March
2017. An Estuary Hydrodynamic Model was completed to determine an appropriate instream
nitrogen target. The program is on-going, but results to date verified the 0.075 mg/L nitrogen
concentration was appropriate to stop prolific algae growth. Groundwater modelling will be
carried out in 2017/18 to verify if the nitrogen leaching rate (20 kgN/ha/y) is appropriate to deliver
nitrogen target of 0.075 mg/L in the Kakanui River. Preliminary results show that in a dynamic
system it is not possible to manage different water sources on their own (estuary, river or
aquifer). An integrated approach is required to solve the water quality issues. Depending upon
the modelling results there may be implications for land use management to meet community
values. Strategic planning between science and policy will be required to provide the best
outcome for both the community and the environment.
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ANTHROPOGENIC EFFECTS ON THE WATER LEVELS AND DYNAMICS
OF THE LOWER SHAG RIVER AND CONNECTED ALLUVIAL AQUIFER COMPLEX
Mourot F.,1
1
Otago Regional Council
Aims

The Shag River/Waihemo in northeast Otago drains a 544 km2 catchment from the slopes of
Kakanui Peak to the Pacific Ocean. Historically, human activities in the Shag catchment have
been important drivers of the Shag River morphology changes. Of note, extensive discharges of
gold mine tailings occurred between 1890 and 1946, within the main tributary of the Shag River,
Deepdell Creek. The debris of the Deepdell mining provided a substantial slug of aggregate that
the lower river has been processing in terms of channel morphology. More recently, gravel
extraction works and river management decisions have also impacted the riverbed morphology,
including bed degradation and lowering of the water table height in the adjacent alluvial aquifer.
This presentation aims to extend the understanding of the impacts on the riverbed and therefore
on the river stage to those affecting the connected alluvial aquifer.

Method
A cross-interpretation of recurrent morphological surveys, quantitative and qualitative hydrological
monitoring data, geological and radon investigations has been carried. The main catchment
management objectives have been integrated within the analysis to outline their consequences.

Results
This presentation will summarize the impacts of the river morphological changes on the
connected alluvial aquifer, including the fluctuations in the groundwater levels. Furthermore, the
implications on the recharge potential, on the volume of resource available, and on saline
intrusion risk will also be examined.
Finally, the need of adopting a more integrated approach across all natural resources in the
catchment, to ensure their sustainable management, will be discussed.

1947

2005

2014

Figure 1 : Shag Riverbed morphology changes between 1947 and 2014 for Mill Road Reach,
and River Stage at Craig Road / Groundwater Level at Chisholm Bore between 1993 and 2010
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IS HYDROLOGICAL CONNECTIVITY THE MISSING LINK FOR INCIPIENT MOTION
FORMULAE TO MAINTAIN ECOLOGICAL INTEGRITY?
Neverman, A.J., 1 Fuller, I.C.,1 Death, R. G.,1 Singh, R.,1 Procter, J. N.,1
1

Innovative River Solutions, Institute of Agriculture and Environment, Massey University,
Palmerston North, 4474, New Zealand

Aims
Scouring flows are a key driver of benthic community composition in streams (Biggs, 1985,
Death, 2008). Manipulating the hydrological regime in impacted catchments to induce scouring
may offer a viable solution to maintaining or improving ecological integrity, particularly in the case
of removing nuisance periphyton. However, our ability to regulate hydrological limits to induce
scour relies on our ability to estimate what flows will be required to mobilise sediment. A large
emphasis in the literature has been placed on identifying the critical discharge for sediment
transport. Much of the early work on entrainment thresholds was conducted under the
assumption that entrainment was a linear process, with transport magnitude being directly
correlated with flow magnitude. This thinking has formed the basis of hydrological limit setting,
with many management schemes implementing limits based on a hydrological metric which has
been identified as the “effective” flow for achieving the desired ecological outcomes at other sites.
However, such approaches often provide poor estimates of sediment transport as entrainment is
a non-linear process, and is significantly affected by variations in connectivity between
groundwater, hyporheic zone, and surfacewater. This is a key component of natural channels, but
this connectivity has often been ignored in entrainment formulae. Flume experiments have shown
the ability of seepage to initiate gravel entrainment. Considering local seepage conditions in
models to identify effective hydrological limits may provide a step in the right direction toward
establishing effective limits. This paper presents a field experiment to identify how seepage may
affect incipient motion thresholds in gravel-bed rivers.

Method
Differential piezometers were installed in a gravel bed to record the piezometric head of the
surface flow and the piezometric head in the stream bed. A piezometer tube was driven in to the
bed as far as possible, with the top of the screen achieving a penetration depth of 0.6 m. The
piezometer readings were converted to give the hydraulic head in meters relative to the bed
surface. The readings were differenced to indicate injection or suction (positive or negative
seepage) at the bed surface.
An impact plate geophone was installed in the channel to record the passage of bedload
transport. This allowed the timing of the onset of bedload transport events to be identified,
indicating incipient motion thresholds had been crossed. An ultra-sonic flow velocity sensor was
installed on the impact plate to provide instantaneous flow velocity. The velocity data were used
to derive instantaneous velocity (ũ), mean velocity (Ui), instantaneous velocity fluctuation (ui), and
turbulence intensity (I). Discharge and stage were provided by Horizons Regional Council from
their monitoring station at the site. These metrics were then used to identify incipient motion
thresholds.
Five bedload transport events were recorded between September 2016 and January 2017. This
allowed for the identification of changes in discrete and integrated thresholds between events to
be identified and related to changes in seepage conditions.
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Results
No consistent threshold for incipient motion was identified between five separate events (Table
1). The one consistency is the presence of suction (negative seepage) at the onset of motion.
Flume experiments have shown suction conditions may promote interaction between the
turbulent layer and the substrate, and increase entrainment forces (Patel et al., 2015), inducing
movement. The January event showed significantly different hydraulic conditions at the onset of
motion. The differences during this event may relate to armouring during summer low flows,
requiring more disturbance of the bed to entrain material. This highlights the need to consider
substrate characteristics and legacy effects in future incipient motion threshold modelling.
Table 1. Values for a range of hydrological and hydraulic metrics used to identify incipient motion
thresholds.
Event
05/09/2016

Discharge (Q)
(m3s-1)*
37

Stage
(m)
1.63

Seepage Head
(m)**
-0.013

ũ
(m s-1)
0.37

Ui
(m s-1)
0.37

ui
(m s-1)
0.006

I
0.177

06/10/2016

50

1.7

-0.073

0.09

0.15

-0.056

0.77

08/11/2016

54

1.84

-0.258

0.09

0.21

-0.12

0.89

18/11/2016

48

1.73

-0.13

0.19

0.3

-0.11

0.28

23/01/2017

129

2.73

-0.633

1.31

1.3

0.012

0.11
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DETERMINATION OF THE BASEFLOW INDEX ACROSS NEW ZEALAND
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Aims
Water planning and management decisions need to be based on reliable hydrological data. One
challenge for hydrologists is to provide planners and decision makers with accurate information
regarding the streamflow hydrograph components. Streamflow is typically divided into two
components for hydrograph separation, quickflow and baseflow (Bosch et al., 2017), whereby
quickflow contains true surface runoff and the quickflow portion of interflow while baseflow
contains groundwater flow and the portion of interflow moving slowly through the subsoil.
Baseflow sustains stream flow during low rainfall periods (Lott and Stewart, 2016).
The Base Flow Index (BFI) can be thought of as a means to quantify the proportion of the river's
runoff that derives from stored groundwater sources and/or other delayed sources such as ponds,
lakes, wetlands, channel bank storage and melting snow and ice. BFI is hence defined as the
ratio of long-term mean base flow to total streamflow (Beck et al., 2013).
Knowledge of the BFI is not directly available for ungauged catchments and hence for most of the
terrestrial land surface. Here the BFI is determined across New Zealand

Method
In this study 482 small to medium sized catchments across New Zealand are considered. This is
the same coverage as used in the work by McMillan et al. (2016). These catchments represent a
wide range of hydrological conditions. These catchments are characterised by topography,
geology, soil type and land use. All catchments are rural with only minor urbanised areas. The
main land use is agriculture, dairy and sheep farming. Daily runoff data were obtained from the
National Institute of Water and Atmospheric Research (NIWA) and Regional Councils. The
catchment physical and hydrological properties are derived from several sources including a
digital river network (River Environment Classification; Snelder and Biggs (2002)), a 30-m spatial
resolution Digital Elevation Model, and land cover and soils databases (Land Cover Database;
Land Resource Inventory; (Newsome et al., 2000)).
Base flow is separated by means of a recursive digital filtering technique. The regression
approach Random Forest is utilized to calculate BFI. This method provides estimates for all
reaches of the New Zealand River network and is therefore applicable to ungauged sites across
New Zealand.

Results
In Figure 1 the resulting BFI for stream order greater than 2 across New Zealand is shown. For
the North Island, high BFI values are found for in the region between Lake Taupo and the lake
region of Bay of Plenty. For the South Island the Canterbury region around Christchurch and the
region around Lake Tekapo has comparably high BFI values. Values at the low end of the BFI
spectrum are found in coastal regions of the North Island, in particular South-East. Similarly,
coastal regions on the South Island have lower BFI than inland areas.
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Figure 1 BFI across New Zealand
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COMPUTATIONAL HYDRAULIC MODELLING FOR RIVER HABITAT DESIGN
David J. Painter,1
1
David Painter Consulting [DPC] Ltd
Context
The Hurutini/Halswell River in Canterbury flows at low gradient from urban Christchurch, through
crop and pastoral farmland, to the large, coastal, supertrophic lake, Te Waihora/Lake Ellesmere,
which is intermittently opened to the sea. River bed and bank are largely silt and fine sand and
there is considerable aquatic plant growth varying through the year. There is one stage recorder
site, at Tai Tapu township, about half way along the length of the river.
The river habitat has been degraded by human activities in the catchment. The lake, although
degraded by excess sediment and nutrient inputs, is ecologically significant and culturally
important to local Māori. Endemic longfin eels/tuna kuwharuwharu/Anguilla dieffenbachia are
both of ecological significance [they are ‘at risk, declining’] and an important food
gathering/mahinga kai resource. The modelling described here was in support of ecological and
landscape design, funded by Whakaora Te Waihora and Environment Canterbury, of two trial
‘riffle sites’ in the river intended to provide suitable habitat for juvenile longfin eels. These “prefer
fast flowing water and a coarse substrate” (McMurtrie 2015). Jowett and Richardson (2008)
found that, while adult longfins prefer ‘pool’ habitat, juveniles prefer ‘run’ locations.

Modelling
The main purpose of the computational hydraulic modelling was to estimate hydraulic parameters
at the two ‘as-is’ and ‘as-designed’ riffle sites at typical low discharges, to support the design of
suitable habitat. An important secondary purpose was to estimate the effects of the geometric
and roughness changes at the two sites on the occurrence of overbank flows, drain function and
land inundation at high discharges.
The AULOS 1-dimensional hydraulic model was fitted to surface water level data at 1.56 m3/s
discharge [94% of time discharge is less than this] for 55 surveyed channel cross-sections and 10
bridge openings in an 11 km reach of the 36 km total river length. A further 19 cross-sections
were added to the measured data: 10 duplicate bridge openings [as only one side was
measured]; a ‘far downstream’ cross-section 10 km beyond the last surveyed cross-section, taken
from previous survey data; and 8 interpolated cross-sections at appropriate invert levels where
there were no survey data available at hydraulically significant locations.
No surveyed surface water level data were available at higher discharges but many current meter
ratings have been carried out at the recorder site, with rating curves up to about 14 m3/s
discharge. The model was recalibrated for higher discharges using these rating data. The
highest recorded flood was 13.9 m3/s on 23 June 2013.
Model fit to measured data was very good at both trial sites, as shown for one in Figure 1; there is
a ‘rock weir’ at 3.460 km as shown as a hydraulic control for stage recording. Known limitations
of the model, including the simplified treatment of tributary and spring flows and varying discharge
away from the recorder site, ensured that the fit outside the trial sites was less good, as shown in
Figure 2. There is an ‘imaginary’ single tributary at 7.589 km to account for the higher discharge
at the downstream [Riffle Site 2] trial site compared to that at the upstream [Riffle Site 1] site.

Figure 1. Model cf. surveyed surface water levels at Riffle Site 1.
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The model calibrated for higher discharges achieved reasonable fit to ratings at the recorder site
[model – rating from –12 mm to +71 mm for discharges 3 m3/s to 14 m3/s]. Although there were
no measured data to compare with the model away from the recorder site, modelled surface
water levels were in accord with local knowledge such as passage under bridges during floods.

Figure 2. Model cf. surveyed surface water levels in the modelled reach.

Results for Hydraulic Variables
Figure 3 shows an example of modelled results for the upstream trial site at a typical low
discharge of 0.8 m3/s [Mean 0.84; Median 0.68] when site geometry and boundary roughness
[plantings] had been changed in the model to suit habitat and landscape requirements. Mean
velocity/depth ratio, Froude Number and Friction Slope are compared with the discriminant
models for ‘pool’, ‘run’ and ‘riffle’ from Jowett (1993). All three discriminant models suggest a
sequence downstream of ‘pool-run-riffle-run-pool’ at the as-designed site.

Figure 3. Example result hydraulic parameters compared to Jowett (1993) discriminant models.

The downstream trial site is on a much flatter slope and the trial design was a more significant
departure from existing geometry than proposed at the upstream site. The backwater effects at
all discharges were significant and consideration of possible overbank flows, drainflow inhibition
and land inundation at high discharges mitigate against adoption.

Conclusions

The calibrated model provides a very good fit to water levels at the two riffle sites for typical, low
discharges. For higher discharges, which occur rarely, the model provides a good fit to measured
rating data at the recorder site. Application of the model to ‘as-designed’ riffle site geometry and
vegetation at low discharges provides useful estimates of hydraulic variables for juvenile longfin
eel habitat appraisal. There are known limitations of the modelling which indicate that it should
not be the only arbiter of riffle site design suitability. It does provide information to indicate what
possible effects should be considered and how re-design might be approached.
The upstream trial riffle site provides suitable habitat for juvenile longfin eels with little or no
unwanted upstream or downstream effects at typical low discharges. It has relatively minor
effects at higher discharges. The downstream site has significant effects at higher discharges
and could result in increases in occurrence of overbank flooding, overwhelming of bridge
openings and effects on land inundation. Both riffle sites approximate requirements to pass fine
sediment without entraining the gravel sizes specified to provide suitable habitat.
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NORTHLAND DROUGHT ASSESSMENT USING STANDARD PRECIPITATION
INDEX
Pham, X. H.
Northland Regional Council
Northland has experienced 1-in-4-year drought event that is mainly due to lack of rainfall resulting
in a dramatic decrease in soil moisture level, ground and surface flow.
The Standard Precipitation Index (SPI) is a powerful, flexible index which is commonly used to
assess meteorological drought caused by rainfall deficit. New Zealand SPI maps are developed
providing a good indication of droughts at national level. However, this information is relatively
coarse for Northland where drought is strongly localized.

Aims
This study aims at employing SPI to assess historical drought events occurred in 1914-15, 194546, 1982-83 and 2009-10 year.
The results of this study are expected to present insights of the most severe droughts occurred in
the past across Northland.

Method
A combination of statistical and GIS-based analyses was carried out to investigate spatial and
temporal variability of rainfall as well as drought index mapping.
The latest SPI program (SPI_SL_6.exe) developed by the Colorado State University, USA is used
in this study to compute station-based SPI values.

Results
Analyses of long-term rainfall data at 140 stations across the region demonstrate proved the
existence of five different climate zones that stimulate the formation of both regional and localized
droughts.
SPI was computed using rainfall data at about 40 stations across the region showing that drought
severity relies upon both the magnitude of rainfall deficits and its duration. Frequency of drought
occurrence is likely to increase since 1994 when SPI varies between -1.5 to -3.5. The SPI
computation also reveals some apparent errors in the data in which the SPI value is -6.44 or less.
Overall, the historical droughts are well portraited using rainfall-derived SPI. It is envisaged to
performs better if agricultural and hydrological droughts will be integrated in the system.

Figure 1 Climate zones and 2009-10 drought index maps (left to right).
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NEW ZEALAND HYDROLOGICAL SOCIETY CONFERENCE PRESENTATION 2017
Susan Rabbitte1
1
Lattey Group
Employing additional field investigation techniques to support surface water depletion analytical
modelling.
Aims
To investigate issues relating to the practical application of analytical modelling of aquifer pump
test drawdown responses to assess groundwater-surface water connectivity.
Drawdown modelling can be used to quantify values for aquitard, streambed or spring
conductance. However, in practice when trying to fit model curves to real observation well data
multiple sets of parameters can have equally good fits, large parameter variations can represent
very small model curve changes or the duration of testing may be insufficient. This results in
uncertainty associated with goodness of fit between the model curve and the observation well
data. The resultant range of possible parameters can lead to a wide range of depletion
predictions that prove of little real benefit to decision makers assessing effects. The aim of this
discussion is to look at ways to use other information sources to improve confidence in matched
model parameter sets.
Method
To consider other types of data collection that can inform parameter estimates, particularly
conductance values. The focus of this discussion is the use of piezometric levels combined with
flow gaugings and water chemistry including electrical conductivity and anion/cation analysis.
The streambed conductance () value can be determined in the field using the method identified
in the stream depletion guidelines (Ecan,2000), where =((ΔQ)/(L*Δh)). These measurements
require surveying a fixed elevation reference point on the stream e.g. a bridge and a suitable
nearby well location. The closer the well is to the stream the better in terms of reliability of results.
A stream length is then identified with suitable gauging points upstream and downstream of the
area of interest. The length (L) is measured along the stream between the gauging points. The
gauging (Q), stream and well water level data (h) is collected concurrently. This method was
used for an assessment in the Moteo Valley (Lattey, 2016) and within the Twyford area (Lattey,
2017). A key benefit of this method is that it is relatively rapid and cost effective to apply.
Water chemistry in particular Electrical Conductivity (EC) can provide a rapid indication of the
chemical similarities or differences between water bodies. Low values tend to represent larger
order higher flow surface water eg. Ngaruroro River, lower order streams and drains tend to have
higher values of EC associated with slower transmission through soil zones or stream beds
increasing residence time and dissolution. Ground water may represent a cross section of these
values indicating influence by them with longer residence times supporting higher electrical
conductivity values. Similar patterns are also observed with cation/anion chemistry. While not in
themselves conclusive the chemistry can contribute to other findings and these techniques were
used in the investigations noted previously. Some other techniques that can also be of use
include direct flow measurement during pumping or longer-term temporal datasets.
Results
Whilst each of these data collection streams when viewed independently may seem inconclusive
when considered together they each contribute to the overall understanding of the hydraulic
setting. This provides improved confidence in the parameter estimates adopted and the depletion
quantification values, enabling greater confidence in decision making.
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TOWARDS A BETTER REPRESENTATION OF NITRATE TRANSFER THROUGH
GROUNDWATER IN THE REPOROA BASIN
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1
Aqualinc Research Ltd (now NIWA)
2
Aqualinc Research Ltd
3
Institute of Environmental Science and Research
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Background & Aims
Regional Councils are currently at various stages of implementing the National Policy Statement
for Freshwater Management (NPS-FM), which includes setting limits for surface water quality. As
most surface water systems are fed by groundwater discharge, the common crunch point in the
implementation process is “what is the contaminant load to come?” The extend and timing of
the ”load to come” is a function of; i) the history of nutrient losses from the root zone ii) the
hydraulic flow paths and the associated travel times from the root zone to the receiving surface
water bodies, and iii) the transformation of the contaminants that occur along these pathways.
In an earlier MBIE funded programme, Groundwater Assimilative Capacity, a steady state
numerical groundwater flow and transport model (MODFLOW with MT3DMS) of the Reporoa
Basin was developed and reported by Close et al. (2016). The focus of this work was on how to
include subsurface denitrification in a groundwater model. The steady state model developed
used current land uses and nutrient losses, to predict the “final” long-term steady state nutrient
concentrations in the groundwater and loads to surface waters. Importantly, it estimated these
loads by including the assimilative capacity of the groundwater.
The new work reported here, and funded under the Transfer Pathways Programme (TPP), builds
on the previous work and aims to improve the description of the relevant transfer pathways in the
Reporoa Basin. This is achieved by accounting for the near-surface flows, such as surface runoff,
interflow and artificial drainage, which are largely responsible for the quick flow component in
stream hydrographs.
These near-surface transfer pathways vary with the hydrological conditions that exist in the basin
and therefore necessitate the development of a transient (time-varying) groundwater model. This
presentation will describe the methodology used to incorporate the effects of the near-surface
flows in the Reporoa transient groundwater model.
As the transient model requires time varying input data, time series of historical land uses and
nutrient losses are required. This historical data is generally not readily available, and the
approach used to estimate the source load data will also be discussed.

Method
A transient groundwater model has been developed to provide an understanding of the nitrate
fluxes and transformation processes in the Reporoa groundwater system and the resulting
nutrient loads that are discharged into the receiving surface waters. The model has four layers,
with the top layer corresponding to the Taupo Ignimbrite and the lower layers corresponding to
the Oruanui Ignimbrite. The top layer has been further divided into three numerical layers to
improve the accuracy of flow and transport dynamics. The cells are 200m by 200m and the model
covers an area of 658 km2.
The measured flow over 12 years in the main stream (Waiotapu) in the basin was separated into
base flow (from groundwater) and the quick flow component (near-surface flows) using the
methods of Nathan and McMahon (1990) and Ladson et al. (2013).
To represent the source and temporal occurrence of near-surface flow in the spatially distributed
groundwater model, daily soil water balance excess over the root zone was calculated for each
hydraulic computational cell (4485 of these). This excess is dependent on land use, soils, climate,
irrigation and crop type. By optimization, the following parameters which govern the estimate of
the near-surface flow were determined;
1. Minimum size of the excess that permits near-surface flow generation.
2. The number of days, following the excess event that the event contributes to quick flow in
the stream.
3. The percentage of the excess that contributes to the quick flow, on each of the days
when near-surface flow is generated.
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4. Effect of land slope.
The estimated component of daily near-surface flow is then subtracted from the soil water
balance excess for each computational cell and directly routed to the appropriate link in the
stream network package, based on the predicted groundwater flow paths.
In terms of the estimation of the historical nutrient losses at the bottom of the root zone, there are
three main factors that contribute to the changes in this source load with time;
1.
2.
3.

Land use change e.g. forestry to dairy
Changes in stocking intensity i.e. number stock units/ha, and
Genetic improvement in animals.

The base line data for source load estimates were the same as used by Close et al. (2106). We
then used AgriBase data from 2004 to 2015 to identify historical variation in stocking intensities
with the current load estimates being prorated based on the changes identified. Once source
loads were adjusted for changes in stocking intensity, changes in land use were then
implemented based on land use information also contained in AgriBase.
To account for changes in animal genetics on source load it was assumed that the major changes
that have occurred in animal breeding affected dairy cows only. As no historical nitrate leaching
data on a per cow basis were available it was assumed that there was a direct correlation
between N leaching and kg of milk solids produced. This allows the historical DairyNZ information
on average milk solids produced per cow to be used to make the adjustment from present day
leaching to historical estimates to account for improvements in animal genetics.
Results
The separation of the measured streamflow into simulated base flow, and quick flow as
described, is shown in Figure 1. More results including spatial and temporal variation of N
leaching will be included in the presentation.

Figure 1: Measured flow at Waiotapu stream separated into estimated base flow and quick flow components
using the techniques described.
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A PRAGMATIC APPROACH TO DETERMINE VIABILITY OF WATER STORAGE
DEVELOPMENT FOR IRRIGATION SCHEMES DURING PRE-FEASIBILITY
INVESTIGATION
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2
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Aims
Many regions in New Zealand have seen competition for finite water resources intensify over the
past two decades. Water allocation for agriculture and horticulture has been estimated to account
for over 80% of the total consumptive water allocation in New Zealand (Rajanayaka et al., 2010).
Demand for irrigation water has increased steadily since the early 1990s, and the area irrigated
has more than doubled in this time. Farmers have identified the security of reliable irrigation water
supply as being critical to realising economic benefits. In the future, climate variability, with longer
than normal drought periods, is likely to make successful farming more difficult. Water storage
can play a vital role in water resource management, by making water available and enhancing its
reliability. However, investments in storage, in particularly large scale storage for schemes, can
be risky and controversial. There are many factors that need to be considered in water storage
development such as the environment, economics, social aspects, culture, potential employment,
and farmer and community well-being. Due to high uncertainty and contentions associated with
storage development, predominately at the pre-feasibility stage of the project, getting stakeholder
support to undertake a robust assessment can be challenging. The uncertainties include
identifying suitable locations for storage (including addressing the ‘not-in-my-backyard’ [NIMBY]
challenge), size of storage, irrigation demand and uptake, water availability, irrigation reliability
and likely cost. It is important to devise a cost-effective but sufficiently accurate approach to
assess the pre-feasibility of storage development to pave the way for more detailed
investigations. This presentation describes potential strategies that can be employed to assess
the pre-feasibility of water storage development for irrigation.

Method
Assessment of the pre-feasibility of storage development for irrigation schemes may include the
following steps:
1. Determination of potential irrigable land that is physically able to be irrigated; this can be
identified based on land elevation, soils, slopes, aspect and climate, and making an
allowance for areas for other uses such as roads and buildings, e.g. 80% of the
command area.
2. Water availability, which needs to be determined based on regional policy and rules, and
potential water losses.
3. Optimisation of storage capacity and irrigable area to meet the required irrigation
reliability.
4. Economic analysis (may also need to consider other potential constraints, e.g. social,
cultural).
The work reported here focuses on the last two aspects of a pre-feasibility study, i.e. optimisation
and economics.
Two indicators have been adopted to determine the irrigation water supply reliability. For scheme
water supply to be reliable, both of the following conditions need to be met:
• Mean annual and irrigation season average supply-demand ratio to be greater than 95%;
• Periods of restrictions exceeding 10 consecutive days will occur in no more than 10% of
the irrigation seasons modelled.
For storage-based systems, the second indicator will tend to determine the overall reliability, as
restrictions occur when the storage volume is depleted. The reliability criteria can therefore be
loosely interpreted as the storage emptying once every 10 years on average.
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The supply-demand reliability, as the name suggests, is dependent on water resource supply
(availability) and demand. The sizing of storages is undertaken to meet a specific level of
irrigation supply-demand reliability. The size of storage is dependent on timing of flow availability
as well as timing of scheme water demand. It is incorrect to design a storage that has the
capacity to store water to meet full annual demand without considering inflows. Reservoirs are
replenished through all available flows, even in some days during the irrigation season.
Therefore, time series analyses of daily irrigation demand and mean daily flows (i.e. supply)
needs to be completed to determine the optimum size of reservoirs. The supply-demand reliability
is dependent on storage capacity, i.e. a larger reservoir stores more water to increase the
reliability of supply. However, the volumes that can be harvested are finite due to catchment
characteristics, stream flows and regional water allocation policies. Further, it is often uneconomic
to harvest/divert large volumes of water and convey high flows over long distances in short
timeframes. The general approach is to develop a diversion rate-storage size relationship and
price different scenarios to determine an optimised diversion rate. As the exact location of a
reservoir for a command area is often unknown at the pre-feasibility stage, the potential cost of a
diversion canal or pipe and the actual cost of the delivery system cannot be determined exactly. A
useful assumption to make at pre-feasibility level is that the maximum daily volume that is
harvested for a scheme is equivalent to 1.5 times the scheme’s maximum daily demand.
Storage sizing can be undertaken through optimisation, primarily based on four aspects:
1. Scheme demand time series. The maximum demand for irrigating the total irrigable area
(i.e. 80% of the command area) and other scheme demands, if any (e.g. stock water,
industry, urban). This storage sizing assessment determines whether water is available to
meet the demand for the full area (i.e. irrigation), or what proportion of the area can
reliably be supplied.
2. Water availability time series to fill a reservoir. This will determine the potential available
flow to replenish the reservoir (i.e. storage capacity).
3. Size of the intake pipe/canal (i.e. 1.5 times of the scheme’s maximum daily demand).
4. Scheme supply-demand reliability (>95%).
The optimised values (storage capacity and irrigable area) are used to undertake a preliminary
economic assessment to determine whether storage development is likely to be viable for a
proposed irrigation scheme.

Case Study

Table 1 lists the results for a case study. The optimised storage capacity, irrigable area and
supply/demand reliability show that only 15% of the physically irrigable area would be able to be
reliably irrigated. The estimated cost helps the stakeholders to determine whether the storage
option considered shows sufficient promise and further investigation is warranted. Additional
details, parameters used and sensitivity analysis will be shown at the presentation.
Table 1: Optimised storage sizing values for a case study
Summary
Total command area (ha)
19,054
Storage capacity (Mm3)
15
Irrigable area with available resource (ha)
2,858
Percent irrigable area
15%
Irrigable area from a unit storage volume (ha/Mm3)
191
3
Maximum irrigation demand (m /s)
1.41
Maximum total demand (incl 10% other demands + 5% loss)
1.63
Maximum take rate from the source (river/stream/lake) (m3/s)
2.45
Average irrigation season supply/demand ratio
99.0%
Average annual supply/demand ratio
99.2%
No of periods of 10 days or more consecutive restrictions (1972-2015)
4
Estimated total capital cost – Base price ($M)
108
Estimated total capital cost – Max risk price ($M)
343
References
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STREAM DEPLETION ZONES, RESPONSE
MANAGEMENT IN THE HERETAUNGA AQUIFER

FUNCTIONS

AND

WATER
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1
Hawkes Bay Regional Council
Introduction
The Heretaunga Aquifer is a deep sedimentary basin in the Hawkes Bay region of New Zealand.
The aquifer predominantly comprises unconsolidated, highly conductive gravels, to a depth of
several hundred metres. The aquifer is a major source of water in the region, on average
providing 78 millionm3 of groundwater per year, the majority of it used for irrigation. The aquifer is
characterised by significant groundwater-surface water interaction, including significant river loses
that provide the majority of aquifer recharge, and a number of spring fed streams.
A groundwater model has been developed for the Heretaunga Aquifer. The objectives of the
model included the ability of the model to predict impact of groundwater pumping on surface
water flows. The model has been developed using standard MODFLOW 2005 code, and
calibrated using PEST methodology. The model comprises 2 layers and 100 x 100m grid,
301x502 cells, and calibration period from 1980 until 2015. Calibration included comprehensive
spring flow and river loss components.
A groundwater model was used to generate stream depletion zones, and later for more general
response functions. This abstract will give an overview of the methodology used, the results, and
possible future uses.

Stream Depletion Zones
A groundwater model can be used to generate a stream depletion zone map. This can be
achieved by:
• running a series of simulations for groundwater pumping from a number of locations in a
model
● for each simulation comparing the impact on flows in the water features with thebase
case of no pumping
● aggregating the results into a spatial map,
The resulting map is typically reported as Q_stream_flow_change/Q_pumping after a prescribed
time, which can be interpreted as the percentage of stream depletion for a given stream or stream
group.
For the Heretaunga Aquifer model this task was achieved by running a model with a well in every
5th active grid cell, resulting in over 3000 runs. A short model covering a reference summer period
was used. After each model run the MODFLOW budget file was processed using the bud2hyd
program to extract river/stream flows for individual rivers/streams. Model runs were managed
using an R script, which allowed for parallelisation of runs and collation of results. The results
could then the plotted as a contour map.
The results indicated a high degree of stream depletion, with the majority of the Heretaunga
Aquifer having stream depletion effects greater than 60% after 150 days. This would mean that
the majority of takes would need to be re-classified as stream depleting and being subject to
pumping bans during low flows, if the thresholds used in other parts of the region were applied to
the Heretaunga Aquifer. To date, areas of pumping bans were limited to small areas close to the
rivers, so this result has significantly changed our conceptual understanding of the system.

Response Functions
A map of stream depletion is in fact a form of a response function, which spatially defines a
relationship between pumping and stream depletion. A map of stream depletion can be then
viewed as a map of sensitivity to pumping, and the effect of pumping from any location on a given
river flow can be calculated by multiplying a stream depletion percentage by a pumping rate. The
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calculation doesn’t require the use of the model anymore, which has many advantages. Once the
sensitivity map/response function is established, it can be easily used for estimating the impact of
pumping at any rate and location, without the need to undertake any model runs.
The methodology was further refined by converting a sensitivity map to a raster. It allows for
calculation of the pumping effect for groups of takes. The methodology uses R language for data
manipulation and processing. The methodology allows for full automation of the calculation
process, so that the user only has to provide a list of locations and pumping rates, and receive an
estimated impact on selected streams and in given time intervals.
The methodology was successfully used for estimating the impact of irrigation pumping on stream
flows and also for estimating the impact of various mitigation strategies on stream flows, including
pumping bans and flow augmentation. The use of response functions simplifies model set-up
times to achieve very similar results in a shorter time.

Future uses: Water management
A methodology can be used to calculate the relative impact of pumping on flows for every user in
a consistent way. This can then be then used for decision making (e.g. whether any more
pumping can be allowed). This can also allow for the calculation of how much each user should
contribute to mitigation options. Such uses are now being considered by HBRC.
A prototype of a web-based tool that performs stream depletion calculations, and could be used
by anyone with a web browser has been developed using Shiny R technology and will be
presented.
Limitations of methodology
The main limitations of this methodology for delineating stream depletion zones and establishing
of response functions for stream depletion are:
● The methodology assumes a linear response of stream flow to pumping rate, and the
same response rate for all hydraulic conditions. This assumption is likely to be met for
pumping rates close to the originally modeled pumping rate, and for conditions as during
the model run, but may be invalid for some extreme scenarios.
● The methodology is only as good as the underlying numerical model. As all models are
by necessity a simplified representation of reality, they are
always imperfect. In
particular, the regional scale model may be insufficiently detailed to resolve local scale
effects.
● The underlying groundwater model produces results that are sensitive to the parameters
used, and to the construction of the model itself (e.g. number of model layers). The
values of parameters have been constrained in the process of calibration and
regularisation. This means that parameter values were selected to match field
observations, including spring and river flow, and to match known parameter values if
possible (such as pumping test data). This gives some confidence in the results of the
model, and in consequence, in the response function methodology. However, uncertainty
related to the parameter values, the model results, and the response function calculations
remains. This is now being addressed by additional work undertaken to explore
uncertainty of model parameters using PEST Null Space Monte Carlo methodology. In
the future, the results could be incorporated in the response function methodology to
address uncertainty of model parameters.
Bibliography: Bobst A. ,Fleener S. 2012, A MODFLOW TOOL TO DEFINE BOUNDARIES OF A
STREAM DEPLETION ZONE, Montana Bureau of Mines and Geology Barlow, Paul M. and Leake, Stanley
A. 2012, Streamflow Depletion by Wells—Understanding and Managing the Effects of Groundwater
Pumping on Streamflow, USGS
Dravid, 1997, Heretaunga-Plains-Groundwater-Study-1997,HBRC
SOURCE, http://ewater.org.au/products/ewater-source/
Harbaugh, 2005, The U.S. Geological Survey Modular Ground-Water Model—the Ground-Water Flow
Process, USGS
Shiny R https://shiny.rstudio.com/
R https://www.r-project.org/
PEST http://www.pesthomepage.org/
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IMPROVED INSIGHTS INTO FINE SCALE SPATIAL VARIABILITY OF SNOW
DEPTH, FROM DRONE PHOTOGRAMMETRY
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Aims
Dynamic in time and highly variable in space, New Zealand’s seasonal snow is largely confined to
remote alpine areas, complicating ongoing in situ measurement and characterisation of what is
often an important hydrological reservoir. Improved understanding and modelling of the seasonal
snowpack requires fine scale resolution of snow distribution and spatial variability. The aim of this
study is to assess the potential of remotely piloted aircraft system (RPAS) photogrammetry to
resolve spatial and temporal variability of snow depth and water equivalent in a New Zealand
alpine basin in the Pisa Range, Central Otago. While the use of RPAS for both qualitative and
quantitative mapping is increasing rapidly, examples related to snow are promising, but limited
(Bühler et al., 2016; De Michele et al., 2016; Harder et al., 2016; Marti et al., 2016; Vander Jagt., et
al 2016).

Method
The study basin, a tributary of the Leopold Burn, is located in the Pisa Range, Central Otago.
Elevation of the basin ranges between 1440 and 1580 m, with an area of 0.41 km2. The basin
runs approximately North to South, with slopes of Western aspect dominating the basin area.
Three RPAS flight missions were carried out during 2016, the first (autumn) on 17/05/2016, a
winter flight on 02/08/2016 and a spring flight on 10/09/2016. During each mission, imagery was
captured across the entire basin by a Sony NEX-5R camera mounted in a Trimble UX-5 RPAS.
Extensive GNSS surveys of ground control points (GCPs) were carried out in conjunction with
each flight for the winter and spring flights, snow density was measured in snow pits to allow
calculation of snow water equivalent (SWE).
Photogrammetric processing of captured imagery, constrained by GCPs, yielded
orthophotomosaics and digital surface models (DSM) at 0.05 and 0.15 m spatial resolution,
respectively, from each flight mission. The autumn reference DSM allowed mapping of winter and
spring snow depth at 0.15 m spatial resolution, via DSM differencing. The consistency and
accuracy of the RPAS-derived surface was assessed by comparison of snow-free regions of the
spring and autumn DSMs, while accuracy of RPAS retrieved snow depth was assessed with 86 in
situ snow probe measurements.

Results
Results show a mean vertical residual of 0.024 m between DSMs acquired in autumn and spring.
This residual approximated a Laplace distribution, reflecting the influence of large outliers on the
small overall bias. Propagation of errors associated with successive DSMs saw snow depth
mapped with a vertical accuracy of ±~0.09 m (95% c.l.). Comparing RPAS and in situ snow
depth measurements revealed the influence of geo-location uncertainty and interactions between
vegetation and the snowpack on snow depth uncertainty and bias. Once these uncertainties were
accounted for, a mean residual on the order of 0.015 m remained between RPAS and probe
measured snow depth.
Semivariogram analysis revealed that the RPAS outperformed systematic in situ measurements
in resolving fine scale spatial variability. RPAS measured snow depths allowed the detection of a
maximum range of spatial autocorrelation of ~40 m (Figure 1), with particularly strong
autocorrelation existing for distances <10 m. The network of systematic snow probe
measurements, on the other hand, could not be used to reliably detect spatial autocorrelation in
snow depth.
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Overall, RPAS photogrammetry performed well for continuously mapping snow depth across an
entire basin, at an unprecedented level of detail. Spatial variability in snow depth was found to be
high, in both winter and spring. The range of snow depth across the basin was similar for both
epochs, with maximum depths >2 m measured in cornices on the lee side of ridgelines.
Preferential accumulation in shallow gullies was also readily apparent. While the snow covered
area (SCA) within the basin had decreased by about one third by spring, relatively thick snow
pack persisted in areas of preferential accumulation. SWE was found to diminish at a
substantially lesser rate than SCA, emphasising the importance of preferential accumulation, and
suggesting that slope aspect is an important control on snow accumulation and water storage, not
just in terms of solar exposure and melt, but also wind and re-distribution during and following
snowfall events.
Ultimately, high resolution insights provided by RPAS photogrammetry will provide improved,
geostatistically robust, understanding of the physical processes controlling the spatial distribution
of snow depth, thus informing improved efforts to model seasonal snow. Additionally, such data
will be beneficial for refining coarser scale measurement and characterisation made over larger
areas from satellite remote sensing.

Figure 1: Semivariogram for snow depth as measured in situ by probing at 84 locations, and for randomly
selected samples of 1000 and 5000 measurements, extracted from the spring map of RPAS measured snow
depth.
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LINKING COASTAL OTAGO LAND-USE AND THE HEALTH OF MAHINGA KAI
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Aims
The transition in New Zealand’s catchment management landscape from water-specific
management to land and water management presents opportunities and challenges for Māori
environmental organisations across te motu. Kai Tahu’s collaboration with a research
organisation within the Vision Mātauranga Capability Fund framework was conceived to
strengthen the internal capability to approach and respond constructively to the changes in land
and water policy implementation for the protection of Otago’s unique mahinga kai (traditional
freshwater food) species such as eel, whitebait, lamprey, flounder, mullet, crays, freshwater
mussels and water cress. The Otago east coast focus catchments of Kakanui (Kakaunui),
Waihemo, Pleasant (Te Hakapupu) and Taieri all contain important traditional freshwater food
species and food gathering areas of significance to Kai Tahu.

Method
Lincoln Agritech and KTKO approached the programme from the direction of examining the past
and contemporary utilisation of traditional food species by Kai Tahu, followed by the new
knowledge (mātauranga hou) from the fields of conservation biology and water quality science.
Each species and focus catchment was characterised for the impact that land use change
brought to the habitat condition and life-cycle bottlenecks for traditional freshwater food species.

Results
The factors important for traditional freshwater food fish species emerged to be the particular
bottlenecks in the fish species’ life-cycle. In Otago coastal river systems the lower river and the
estuary / hapua emerged as the critical nodes in the river catchments. Most of the food gathering
occurs in the estuaries and wetlands, and this is also the site of the sensitive life-cycle transitions.
For example, one of the whitebait species has relatively high tolerance to water quality
degradation, but cannot reproduce without suitable aquatic plants for laying of eggs and
fertilisation, combined with a spring tide backing up fresh water in the estuary.
Eutrophication has a substantial role in changing aquatic conditions and vegetation from
conditions favourable to mahinga kai to those distinctly unfavourable. Profiling of mass balances
throughout the Kakaunui river catchment revealed a complex interplay with climate, soil
conditions, hydrogeology and channel morphology in the mobilisation of nitrogen and phosphorus
that ultimately arrives at the Kakaunui Estuary. Figure 1 illustrates accretion of dissolved
inorganic nitrogen as main stem concentrations and mass loads (where flow data is available).
Areas of the catchment with groundwater or surface water dominated runoff processes display
contrasting modes of nutrient mobilisation. For example, the Kakanui – Kauru Alluvium has
conditions that promote nitrate nitrogen mobilisation through leaching and groundwater flow back
into the river channels. The less permeable Waiareka Creek catchment has conditions that favour
mobilisation of dissolved and particulate phosphorus (Ozanne and Wilson, 2013).
The presentation will explore these and other relevant cases encountered in the course the
ongoing Vision Mātauranga studies in Otago.
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Figure 1 Schematic of the lower Kakaunui catchment posting average annual nitrogen mass loads
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ANALYSING GROUNDWATER SOURCE HEAT PUMP EFFECTS USING THE
ANALYTICAL ELEMENT METHOD.
Rekker, J,1 Etheridge, Z,2
1
Lincoln Agritech Limited
2
Environment Canterbury
Aims
Environment Canterbury is in the process of assessing the effectiveness of current planning
instruments that provide for lawful use of groundwater within groundwater source heat pumps in
the Christchurch CBD Rebuild (see Figure 1). One of the less certain aspects of effects
assessment in the permitted activity rules covering these systems is the status of discharge by reinjection to the Riccarton Gravel (Aquifer 1). The study’s objective was to assess the effects of
abstraction from the deeper Linwood Gravel (Aquifer 2), and importantly, groundwater pressure
mounding on the Riccarton Gravel associated with the abstraction – discharge couplet envisaged
in Environment Canterbury’s permitted activity rule (Rule 9.5.15 of Canterbury Land & Water
Plan).

Method
The Analytical Element Method (Strack, 1989) was developed for use in groundwater modelling
as an alternative to the finite difference or finite element numerical modelling frameworks that had
dominated the field since the late 1970s. Analytic elements represent features of the groundwater
system being modelled, but individual analytic solutions are linked in the model environment by
superposition and a composite function known as the discharge potential (φ). Analytical Element
Method (AEM) model packages contain an assemblage of specialised analytical elements with
varying geometries such as points, polylines, polygon areas and circles suitable for applying to a
variety of geo-hydrological features. Calibration and parameter optimisation efforts were
concentrated upon the observed pressure gradients inside the Christchurch CBD.
The Christchurch – West Melton groundwater system was simulated with a series of analytical
elements within the SPLIT AEM model system (Bandilla et al, 2005), and pre- post-processed
using the Groundwater Vistas (Rumbaugh and Rumbaugh, 2005) package. Linesinks or polyline
elements were used to simulate rivers, drains or the Pegasus Bay coast line; polygons for the
Avon-Heathcote Estuary; and point elements for the groundwater source heat pump bores. The
aquifer sequence was discretised into five water-bearing layers tiered down to the base of the
Linwood Gravel, and barrier bounded to the south by the Port Hills.

Results
Steady state and transient scenario modelling revealed re-injection into the Riccarton Gravel
induced sympathetic and extensive mounding in the unconfined Springston Gravel water table
above, and the Linwood Gravel semi-confined layer below it. The Linwood Gravel was also
affected by drawdown in a smaller zone of drawdown clustered directly around the abstraction
bores. Induced mounding in the shallow aquifer water table was considered to have the potential
to exacerbate groundwater inundation in areas of the southern CBD that already had very shallow
depths to water.
The results of modelling were subsequently used to assess technical means of strengthening the
regulatory instruments, with the objective of balancing permissiveness with the ability to protect
the urban environment from unintended effects.
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Figure 1: Schematic illustration of Groundwater Source Heat Pump abstraction and discharge
indicated under the permitted activity rule for the Christchurch CBD [Adapted from Kavanaugh &
Rafferty (1997)].
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DENITRIFYING BIOREACTOR TECHNOLOGY TO REDUCE NITRATE DISCHARGES
FROM ARTIFICIAL DRAINAGE – A NOVEL TOOL TO ENABLE VIABLE FARMING
WITHIN LIMITS?
Rivas A,1 Barkle G,2 Moorhead B,1 McKelvey T,1 Clague J,1 Stenger R1
1
Lincoln Agritech Ltd
2
Aqualinc Research Ltd
Aims
Artificial drainage is essential for viable use of poorly drained soils, which account for
approximately 40% of dairying land in New Zealand. However, subsurface and surface drains can
also provide a pathway for fast and unattenuated nutrient transfers to our streams and rivers. A
denitrifying bioreactor, fundamentally a pit filled with carbon source such as woodchips, is a
recently developed technology for treating drainage water at the edge of the field (Schipper et al.
2010). Naturally occurring microorganisms utilise carbon in woodchips to transform nitrate in the
drainage water into gaseous forms of nitrogen (largely N2) through the denitrification process. The
technology has been widely adopted in cropped lands in the USA (Christianson et al. 2012).
However, a different bioreactor design is necessary in New Zealand due to the shallower
subsurface drainage systems in our flat pastoral lowland areas. While bioreactors have been
found to effectively remove nitrate in the drainage water, possible pollution swapping (particularly
N2O emissions) and other unwanted side effects (including high concentration of dissolved
organic matter in the outflow) also need careful consideration (Schipper et al. 2010; Weigelhofer
and Hein 2015). Thus the main objective of this research is to assess the applicability and
performance of denitrifying bioreactor technology in reducing nitrate loads from subsurface drains
in New Zealand pastoral lands. We aim to identify the factors affecting the performance as well as
potentially occurring detrimental side effects of denitrifying bioreactor technology to optimise the
cost and efficiency of future installations in New Zealand.

Method

We designed and constructed a pilot-scale denitrifying bioreactor at a farm in the Hauraki Plains
where high nitrate concentrations (>10 mg nitrate-N L-1) were found in the drainage water (Figure
1). The bioreactor has an effective volume of approximately 60 m3 filled with locally sourced
untreated pine (Pinus radiata) woodchips. We route the drainage water from a lateral subsurface
drain into the bioreactor through an inlet control structure and the flow rate through the bioreactor
is controlled by the difference between the heights of weirs in the inlet and outlet control
structures (Figure 2). The inlet control structure allows excess drainage water during high flow
events to by-pass the bioreactor. We continuously monitor flow through the bioreactor and any
by-pass flow, electrical conductivity at the inlet and outlet, temperature at the inlet, outlet and
within the bioreactor, and rainfall at the site. Inlet and outlet waters are proportionally sampled for
nitrogen and carbon species to assess the effectiveness of the bioreactor in attenuating nitrate
and for a range of other analytes to investigate the possible occurrence of negative side effects.

Results

We will present our approach to the design of the bioreactor for typical New Zealand subsurface
drainage systems in comparison with the approach applied in other countries, such as the USA.
Monitoring data from the first season of the bioreactor’s operation will also be presented to show
the performance of the bioreactor in reducing nitrate in the subsurface drainage water and to
assess any potentially occurring negative side effects.
Acknowledgements
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Figure 1 Components of the denitrifying bioreactor constructed on a dairy farm in the Hauraki Plains

Figure 2 Schematic of the woodchip denitrifying bioreactor
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ASSESMENT OF ON FARM NUTRIENT LOSSES AND MITIGATION OPTIONS IN
THE MANGATARERE CATCHMENT
Rogers, M., 1 Jackson, B., 1 De Róiste, M., 1 Palomino-Schalscha, M., 1 Tyler, C., 2
1
Victoria University of Wellington
2
Ravensdown Ltd
Aims
Fresh water is one of New Zealand’s most valuable natural resources and our ecology and
economy is heavily dependent upon it. However, the intensification of agricultural land use is
resulting in increased levels of diffuse pollutants such as sediment, nitrogen and phosphorus in
New Zealand waterways, degrading the water quality.
Recent and incoming regulation on water quality place farmers and other land managers under
pressure to reduce nutrient losses to waterways while retaining profitability and production. The
Land Utilisation and Capability Indicator (LUCI) software can assist farmers and land managers to
explore solutions to reverse degraded water quality. LUCI is a land management decision support
framework that evaluates the effect of current and future management on a range of ecosystem
services (Jackson et al., 2016). LUCI conveys this information through spatial maps and other
outputs. A recent collaboration with Ravensdown has focused on enhancing LUCI’s ability to
predict water quality outcomes, given a range of farm environments and management practices,
and to quickly target where management interventions could improve water quality while
minimising productivity loss (Jackson et al., 2016).
The main aim of this project is to establish how credible and accurate predictive models such as
the LUCI model are for a group of 6 farmers in the Mangatarere Catchment. We evaluate LUCI’s
ability to manage nutrient losses to waterways and explore a range of potential mitigation
scenarios that could achieve environmental benefits such as improved on-farm nutrient
management. In this talk we present ground-truthed baseline maps of the 6 farms and showcase
preliminary results of comparisons between baselines and potential on-farm mitigation scenarios
and their predicted impacts. Evolving farmer perspectives on potential mitigation measures and
the usability and value of the LUCI model are also commented on.

Method

Baseline maps are generated using regionally available data and ground-truthed and refined
through interviews and on-farm site visits. We produce a range of appropriate on-farm specific
mitigation scenarios using the LUCI model including riparian planting, fertiliser application time
management, changes to crop management or stocking practices, etc. Predictions of how these
potential changes will impact farm production, nutrient losses and other outcomes as appropriate
are provided. The different on-farm mitigation scenarios are compared so that the outputs can be
evaluated on their merit to give each farmer an idea of what mitigation measures will be the most
efficient and affordable for their specific farm.

Results

The results show the ground-truthed baseline maps of the 6 farms as well as a range of potential
mitigation scenarios for each farm. As the farms differ, so do the preferred mitigation measures.
We show how the advantages and disadvantages of each scenario vary from farm to farm
dependent on factors, such as land cover, topography soils and farmer preference. From
consultation with land managers, we also discuss changing perspectives on appropriate
mitigation measures and land use as a result of access to the information produced by LUCI.
The results allow the project participants access to the on-farm information LUCI can provide.
Additionally, the results provide important feedback for model improvements to make the model
more credible and enable better uptake by farm and land managers.
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IMPACT OF CLIMATE CYCLES AND TRENDS ON SELWYN DISTRICT
WATER ASSETS
Rutter, H K1 Kerr, T1, England, M2
1
Aqualinc Research Ltd
2
Selwyn District Council
Aims
Aqualinc was asked to carry out an assessment of the impact of climate trends and cycles on
Selwyn District Council’s (SDC) potable water, wastewater, stormwater, land drainage, and water
races assets. The project considered projected changes in climate in the light of historically
observed climate cycles and trends and assessed what the impact of future changes could be on
water assets. The aim was to understand how climate change might affect environmental
variables, and in turn how this might impact on the Council’s assets.

Method
A robust analysis of long term historical climate (100 years+) was carried out, which allowed
climate projections to be placed in context. The results suggested that, for certain climate
variables, natural variability is often much greater than climate change effects, particularly over a
30 year horizon.
The study was a high level risk assessment, to identify the assets that were most likely to be
affected by climate change. Priority areas were guided by a risk matrix that Aqualinc developed
in consultation with SDC at the outset of the study. The variables that were identified as having
the greatest potential impact for infrastructure were groundwater levels (high shallow groundwater
levels and reduced deep groundwater levels), annual rainfall, extreme rainfall, alpine and foothill
river flows (floods and low flows), evapotranspiration and sea level rise.

Results and discussion
MfE guidelines suggest an 8% increase in extreme rainfall events given a one degree rise in
temperature. Our results showed that, across the Canterbury Plains, there was no evidence,
historically, for this. However, extreme events in the alpine areas did show an increase over the
past 100 years. As a result of projected increases in alpine rainfall, the alpine rivers (i.e. the
Waimakariri and the Rakaia) could show an increase in flow, and there could also be implications
for water supply, stormwater and wastewater infrastructure in the alpine settlements.
The other main issue in the next 30 years could be effects on wastewater, stormwater and land
drainage in the areas close to coastal and lakeside settlements, due to sea level rise.
Changes in groundwater levels, annual rainfall, foothill river flows, and evapotranspiration were
not anticipated to be significantly outside of the natural variability in these variables.
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GROUNDWATER LEVEL CHANGES FROM THE DARFIELD EARTHQUAKE: SIX
YEARS ON.
Rutter, H K1 Cox, S C2
1
Aqualinc Research Ltd
2
GNS Science
Aims
The impacts of the Darfield earthquake of September 2010, on the aquifers of the Canterbury
Plains, has been reported widely in recent years (Rutter et al., 2016a and b; Rutter et al., 2014;
Rutter and Cox, 2015; Cox et al, 2012). This paper presents an update of previous analyses and
outlines the current state of the aquifer system.

Method
As there is potential for long-term changes to reflect influences other than the earthquake, such
as differences in climatic conditions and/or abstraction, we adopted an eigen modelling approach
to predict groundwater fluctuations (either natural or abstractive) for a given recharge input
(Bidwell & Morgan, 2002; Bidwell, 2003). The approach involved calibrating the model to preearthquake piezometric levels, and predicting post-earthquake levels using the calibrated model
and post-EQ recharge and abstraction inputs. Then, predictions of post-earthquake groundwater
levels in these wells were made based on post-earthquake calculated recharge and abstraction.
Eigen models were developed for 18 wells across the Canterbury Plains (Figure 1) covering the
area with an apparent sustained rise in piezometric levels (Rutter et al., 2016a). The models
confirmed that the measured change in groundwater levels was not solely due to a change in
climate or abstraction.

Figure 1: Difference between mean piezometric levels four years pre-EQ and six years post-EQ, showing
location of data and eigen model wells.

We also derived mean piezometric levels from all available groundwater level data over the
period four years before (pre-) versus the one, two, three, four, five and six years after (post-)
earthquake, then compared the pre- and post-earthquake groundwater levels. Any wells with
less than 10 months of post-earthquake data were removed from the assessment. The results
were mapped to assess whether piezometeric levels had returned to pre-earthquake levels or
whether they were sustained (see Figure 1). We were also able to investigate how the pattern of
sustained rise had changed with time. Previous work (Rutter and Cox, 2015) had suggested that
wells less than 40m deep showed more inconsistent results than deeper wells, and so these were
taken out of the mapping.
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Results and discussion
The results showed that, while all of the hydrographs showed that the earthquake-induced
changes had reduced with time, the degree of change was different, with some returning to close
to levels that were predicted by the model, whilst others showed a continuing sustained change
over time (see Figures 2 and 3).
When mapped over the region, however, the overall pattern observed after one year was largely
preserved through to six years post-EQ, as shown in Figure 1. The ‘lobe’ of increased piezometric
levels south of the Raikaia River was previously found to be associated with anomalously low
levels of shaking (Rutter and Cox, 2015), but has been sustained for the six years post-EQ. Step
testing results (Rutter et al., 2016a) had suggested that permeability had been reduced in some
wells, and further evidence for this had been provided through numerical model scenarios (Rutter
et al.,2016b). This work further supports the theory that the changes in many areas are long-lived,
and likely to reflect a change in aquifer properties. Rutter et al (2016b) also suggested that the
changes at the eastern end of the fault (e.g. Figure 3) were potentially dominated by an increase
in vertical leakage between aquifer layers: the extended eigen modelling shows piezometric
levels in these well becoming closer to predicted levels with time, and may support the hypothesis
that some degree of ‘healing’ of the aquifer has occurred.

Figure 3: Eigen model results for M35/1000

Figure 2: Eigen model results for M35/1000
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E. COLI MODELLING AT A DAILY TIME-STEP - TE AWARUA-O-PORIRUA
HARBOUR AND RUAMAHANGA CATCHMENTS
Michelle Sands,1 Lydia Cetin,2, Phillip Pedruco,3 James Blyth,4 Natasha Tomic,5 Brent
King,6
1

Jacobs New Zealand Limited
Jacobs Australia Limited
3
Jacobs Australia Limited
4
Jacobs New Zealand Limited
5
Greater Wellington Regional Council
6
Greater Wellington Regional Council
2

Aim
The recent amendments to the National Policy Statement for Freshwater (NPS-FW) include new
objectives and policy that require councils to improve water quality in large lakes and rivers so
they are suitable for swimming more often and require councils to identify which large lakes and
rivers are suitable for swimming now, and which will be improved so that they are suitable for
swimming in the future, and specify timeframes.
In the Wellington Region Whaitua committees have been established in response to the NPSFW. Whaitua committees are groups of local people responsible for developing a Whaitua
Implementation Programme (WIP) in conjunction with their community. A WIP describe the ways
in which the people from that catchment want to manage their water now and for future
generations through a range of integrated tools, policies and strategies. Committees are made up
of local community members, iwi representatives, local authority councilors, and a Greater
Wellington Regional Council councilor. Recommendations proposed in a WIP are agreed by
consensus.
This presentation will discuss the E. coli modelling that has been undertaken in the Ruamahanga
and Porirua catchments. The E. coli modelling will help the Whaitua Committees see what might
happen to future swimming conditions in rivers, lakes and harbours under future land use
changes and with different mitigations applied to E. coli sources and pathways. This helps them
see what outcomes might be achieved for different amounts of effort and consider
recommendations about E. coli levels for the WIP.

Method
The Ruamahanga catchment is a predominately rural catchment, with large rivers and
Wairararapa Moana valued for swimming. The Porirua catchment is a largely urban catchment,
with small streams discharging to the Porirua Harbour which is valued for swimming.
For both catchments, integrated hydrological and water quality (sediment, nutrients and E. coli)
models were developed using Source software. For the Ruamahanga catchment, the hydrological
model was developed using surface water flows from a Topnet model developed by NIWA, and
groundwater flux from a Modflow model developed by GNS. For the Porirua catchment, a GR4J
rainfall runoff model was developed in Source.
To represent E. coli discharges to surface water from non-point sources, the Source models were
developed by assigning dry weather and event mean concentrations to the predominant land
uses within each catchment. In the Ruamahanga catchment there are five wastewater treatment
plants, these were represented in the Source model as daily time-series of discharges to streams.
Monitoring data from the wastewater discharges was analyzed and a monthly average E. coli
pattern was assigned to the modelled daily wastewater discharge time-series. In the Porirua
catchment, there are multiple wastewater overflows, the location and frequency of wastewater
overflows was modelled in MOUSE by Wellington Water. These predicted overflows were then
represented in the Source model as daily time-series of the discharges to the streams. There is
no water quality monitoring of wastewater overflows in Porirua, so the E. coli concentrations
assigned to the modelled overflow time-series were taken from literature.
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The Source models were calibrated to monthly median, mean and 95th percentile E. coli
concentrations. The calibrations were achieved by filtering event mean and dry weather
concentrations and applying in-stream decay functions.
Stock exclusion and dairy effluent management mitigations were represented in the model as
percentage removal on either the dry weather and/or event mean concentrations. Retirement of
land was modelled by replacing the dry weather concentrations and event mean concentrations
assigned to sheep or sheep and beef land uses with those assigned to native forest. In the
Ruamahanga catchment, options to divert wastewater discharges to land were modelled by a
reduced volume of wastewater being discharged to freshwater. In the Porirua catchment, options
to reduce the number of overflows were modelled by removing overflows from the model in
locations recommended by Wellington Water.

Results
The presentation will discuss the calibration results and modelled scenarios and discuss the
strengths and limitations of the modelled approach in predicting water quality statistics that can
be compared against the E. coli water quality bands in the National Policy Statement for
Freshwater.
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USING TRACER DATA FOR AQUIFER CHARACTERISATION:
PARAMETER INDENDIFIABILITY

EXPLORING

Theo S. Sarris,1 Murray Close,1 Phil Abraham1
1

Institute of Environmental Science and Research (ESR), Christchurch

Aims
Tracer tests can provide valuable information on groundwater flow velocities and improve
quantitative contaminant movement predictions. Large-scale field studies conducted at heavily
monitored and well known field sites have provided valuable insights in understanding complex
transport processes. In many cases active heat tracer tests have been used to complement pump
tests and in some cases solute tracer tests for the characterization of aquifer heterogeneity.
The aim of this study is to use heat as a groundwater tracer, complementary to a solute tracer
(Rhodamine WT) for aquifer characterisation. We use inverse modelling to gain structural insights
of spatially varying model parameters, in a heterogeneous gravel aquifer system. Transport
mechanisms in this alluvial aquifer are dominated by the existence of open framework gravel
networks with hydraulic conductivity approximately two orders of magnitude greater than that of
the sandy gravel matrix.

Method
The heat and solute tracing experiment was undertaken at ESR’s Burnham experimental site,
located in a farm paddock up gradient of the Burnham Wastewater Oxidation Pond, about 25 km
southwest of Christchurch, New Zealand. The experiment involved injecting heated water
combined with a conservative solute tracer (RWT), into the aquifer at a constant rate, over a 15day period from 22/11/2011 to 7/12/2012. Groundwater temperatures and RWT tracer
concentrations were monitored in 22 observation wells at the site for around 2 months after the
injection commencement. The temperature in the injection well and the 22 down-gradient
observation wells was monitored continuously throughout the experiment at 10 minute intervals.
Each well had between 1 and 3 temperature sensors installed at different levels in the screened
interval. Periodically (initially daily and then at greater intervals towards the middle and end of the
experiment) throughout the experiment duration, solution samples were collected for RWT
analysis from selected observation wells using dedicated low-flow blow-suck samplers.
A numerical model was setup to better understand the variable groundwater temperatures and
RWT concentrations recorded in the heterogeneous aquifer. The solute transport equations were
solved simultaneously for groundwater flow, temperature and RWT concentrations. The
groundwater flow model was setup using Modflow-NWT, and the solute transport model using
MT3DMS v5.3. The highly parameterized model was calibrated using PEST, with concentration
and temperature time series as calibration targets (i.e. recorded heads were not used),
appropriately weighted so that they have approximately equal contribution to the objective
function. The spatially distributed parameters (horizontal and vertical hydraulic conductivity and
porosity) have been calibrated using 1815 pilot points (605 pilot points for each parameter) set
out on a regular grid across the model area. Prior knowledge of site conditions obtained during
past investigations has not been used for the model inversion.

Results
The numerical inversion process required 82,038 transient model runs. Comparison between
observed and modelled data generally shows a very good fit (Figure 1), with normalized root
mean square error 0.04 and 0.08 for temperature and RWT respectively. Some discrepancies
exist, but the model accurately reproduces the propagation of the thermal and solute plumes. In
some instances the model under predicts temperatures at the early and/or late recovery stages,
probably indicative of the influence of a slower transport zone. The interruption of the heat supply
that occurred on days four and five of the experiment, were also accurately reproduced in most
locations. RWT modelled concentrations do not show any biased errors, and the greater residual
standard deviation is due to the inconsistent measurements obtained during the injection period
in most monitoring locations. These inconsistencies are typical of small variations in injection
solution concentration, in source diluted concentrations and measurement accuracy and errors.
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The transport of both RWT and heat are mostly sensitive to aquifer hydraulic conductivity,
porosity and longitudinal dispersivity, with small differences in the relative sensitivities between
the two observation groups. Most notably, temperature observations are more sensitive to vertical
hydraulic conductivities than RWT concentrations.
Post calibration parameter identifiability has been calculated for all model calibrated parameters.
For the spatially distributed Kh, Kv and Neff fields, identifiability has been calculated at the pilot
point locations and interpolated on the model grid. These parameters remain highly unidentifiable
with identifiability ranging between 0.92 and zero for Kh. Maximum identifiability is smaller for Kv
and Neff (0.70 and 0.82 respectively). In the areas outside the monitored regime the observed
solute concentrations and groundwater temperature data provide little or no information regarding
the aquifer properties and even though the calibrated model accurately reproduces the
propagation of both plumes, aquifer properties at the less identifiable locations should be
considered more uncertain.

Figure 1. RWT concentration (blue) and temperature (red) breakthrough curves. Stars and dashed lines are
observed values and solid lines are simulated.

195

NUTRIENTS FROM GROUNDWATER IN TWO SPRING-FED TRIBUTARIES OF TE
WAIHORA/LAKE ELLESMERE
Lisa Scott,1 Carl Hanson1
1
Environment Canterbury
Te Waihora/Lake Ellesmere and its surrounding wetlands are of cultural and historic importance,
but the health of the lake is affected by nutrient enrichment. Groundwater discharge supports
spring-fed streams which feed into the lake. The quantity and quality of the streams has been
impacted by a long history of farming activities in the catchment. This work presents our findings
from a year-long study of groundwater and stream water quality for two of the tributary streams
flowing into Te Waihora: Birdlings Brook/Harts Creek and the LII River.

Aims
The aims of the study were to improve understanding of the interaction between groundwater and
surface water in the lower catchment and the dynamics of nitrogen and phosphorus transport.

Method
We collected samples of groundwater, springs and river water under baseflow conditions at three
locations along each stream. Our samples were collected monthly over the course of a year (April
2013 to March 2014) and analysed for concentrations and speciation of nitrogen and phosphorus
as well as a range of other water quality indicators (pH, temperature, dissolved oxygen, major
ions) and stable isotopes (oxygen-18 and deuterium).

Results
Stable isotope patterns show that the shallower groundwater is recharged by rainfall on the lower
plains near the lake, while deeper groundwater is recharged by seepage from alpine rivers or
rainfall near the top of the plains. Most of the shallower groundwater re-emerges in springs in the
upper reaches of the streams, forced upwards by upwelling deep groundwater which enters the
lower stream reaches near the lake.
Nitrate is the dominant form of nitrogen in both surface water and groundwater, making up 90 to
100% of the total nitrogen (TN) in the samples. Flows increase and nitrate concentrations
decrease moving downstream in the LII River, both under high flow (July) and low flow (February)
conditions. Nitrate concentrations are also slightly lower in the springs towards the lake
(Figure 1).

Figure 1: Total nitrogen concentrations (annual mean ± standard deviation) along the LII River.

Groundwater near the lower LII Stream contains dissolved oxygen and has limited potential for
denitrification. The downstream decrease in nitrate concentrations is from progressive dilution as
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more of the deeper groundwater with low nitrate concentrations upwells and feeds into the
streams near the lake. Nitrogen will also be taken up in plant biomass.
Birdlings Brook is a tributary of Harts Creeks with very high nitrate concentrations. Flows increase
and nitrate concentrations decrease downstream of the confluence with Harts Creek. From there
the nitrate concentrations decrease slightly towards the lower reaches (Figure 2). Nitrate
concentrations in shallower groundwater near the lake are much lower than in groundwater near
the upper reaches (a combination of denitrification and deep groundwater upwelling).

Figure 2: Total nitrogen concentrations (annual mean ± standard deviation) in Birdlings Brook/Harts Creek.

Phosphorus in the streams is present as inorganic dissolved reactive phosphorus (DRP) and
sediment-bound particulate phosphorus with variable small amounts (<20%) of dissolved organic
phosphorus. Under baseflow conditions, DRP accounts for around 50% of the total phosphorus
(TP) in the Birdlings Brook/Harts Creek samples and 60% of the TP in the LII samples.
Phosphorus in groundwater is dominated by DRP; there is very little particulate or dissolved
organic phosphorus present in the groundwater.
DRP concentrations are relatively high in the mid-depth and deep groundwater near LII River
(0.01 to 0.02 g/m3), possibly influenced by the proximity to the volcanic rocks of Banks Peninsula.
These higher concentrations enrich the surface water concentrations of phosphorus in the lower
reaches of the LII River.
In contrast, Birdlings Brook (upper Harts Creek) has higher TP concentrations in the upper
reaches, much of which is sediment-bound P and probably related to runoff or tile drain inflows.
Concentrations of TP decrease downstream in Harts Creek itself, but we found higher
concentrations in very shallow groundwater near the lake where redox indicators show the
groundwater is suboxic.
Estimated annual loads of TN and TP for the investigation period indicate most of the nitrogen
load (71%) was added in the upper reaches of LII, while 66% of the phosphorus was added in the
lower reaches near the lake. The nitrogen is transported in groundwater dominated by land
surface recharge but the phosphorus is enriched by deep groundwater. Birdlings Brook
contributed slightly more to TP load (50% of total) and Harts Creek more TN (53%) above their
confluence. Only 10% of TP and TN load were added between the confluence and the lake.
On-going sampling at the lower stream sites show that TN and TP concentrations and loads have
all decreased since the winter of 2014, with low recharge and flows in the following two dry years.

Acknowledgement
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HYDROGEOLOGY OF THE HINDS – HEKEAO MANAGED AQUIFER RECHARGE
PILOT TRIAL – IMPLICATIONS FOR GROUNDWATER STORAGE IN CANTERBURY,
NZ
Brett Sinclair,1 Bob Bower,1
1
Wallbridge Gilbert Aztec (WGA) NZ
Aims
A pilot, testing the feasibility of applying Managed Aquifer Recharge (MAR) to the Hinds / Hekeao
Plains (Hinds) catchment, was conducted for the first year of a five-year testing programme.
This presentation will focus on the hydrogeological characteristics and hydraulic responses of the
groundwater system and show the transformation from the original conceptual understanding
through to the final measured results and a revised conceptual understanding. It will focus
primarily on the ‘quantity’ responses of groundwater in both a perched and regional aquifer
beneath the site. It will include a summary of the data supporting the assessment of groundwater
level responses to the Pilot Trial operations and implications for the management of groundwater
storage as an option in Canterbury, New Zealand.

Method
The Pilot Trial site and supporting surface water, groundwater, ecological and climate monitoring
programme covers a sub-catchment of the Hinds Plains totalling over 255 km2 spanning from upgradient monitoring bores through to flow sites near the coast. The Year 1 MAR pilot testing
occurred between 10 June 2016 and 9 June 2017, with baseline data being collected prior to the
project initiation. Characterisation of the hydrogeology was conducted using a variety of tools
including sonic drilling cores, on-site percolation testing, exploratory excavation (clam shell
holes), and the pressure/level responses from both purpose built and existing bores used for
monitoring.
This level monitoring provided the data to support the evaluation of groundwater responses to
Pilot Trial operations and was undertaken in seventeen monitoring wells distributed around the
infiltration basin site. Groundwater level and temperature records from automated monitoring
systems installed in these wells, together with the manual monitoring records and sensor drift
charts (differences between manual and automated records) are discussed.

Results
Water recharging a groundwater system initially changes groundwater levels through a pressure
response. The actual plume of recharge water travels at a slower rate behind the pressure
response. Recharged water at the Pilot Trial site has become distributed between a perched
aquifer (with the primary seepage flow direction being toward the southeast from the site) and the
underlying regional unconfined aquifer (with a groundwater pressure response radiating outward
from the site). The groundwater monitoring system installed for the Pilot Trial detected
groundwater changes in both the perched and the regional aquifers, providing the data on which
the evaluation of the Pilot Trial outcomes has been based.
Of the Pilot Trial monitoring wells, only six wells have shown clear groundwater level responses
to the trial (Figure 1). In two of these monitoring wells, GWE-04 and GWD-03, the groundwater
level responses occurred after the start of the main Pilot Trial. In the other four monitoring wells,
GWE-01, GWD-01, GWD-02 and GWD-04, the initial groundwater level responses to the Pilot
Trial occurred before the start of the main trial.
One monitoring well screened at the regional aquifer level (GWD-04) has reacted to groundwater
flows and water quality changes within the perched aquifer. It is this interconnection that has
resulted in the apparent groundwater level change of up to 18 m in GWD-04 in response to the
Pilot Trial operations. This reaction implies that water can freely flow down the outside of this
well, from the upper aquifer to the lower aquifer, and thereby influence both the water quality and
level measured in this well.
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Figure 1. Groundwater level change records for monitoring wells influenced hydraulically by Pilot Trial
operations (Golder, 2017)

Increased groundwater flows and levels in the perched aquifer via pressure response were
estimated to have reached a distance of about 6.9 km from the Pilot Trial site by the end of Year
1. The plume of low nitrate water in the perched aquifer is estimated to have travelled about 3.3
km from the Pilot Trial basin by the end of Year 1. Changes in groundwater levels in the perched
aquifer of 5.12 m and 5.54 m have been measured in monitoring wells at distances of 45 m and
2,308 m respectively from the centre of the infiltration basin. At 2,308 m from the basin the
average velocity of the advancing pressure wave in the perched aquifer was approximately
19 m/day.
Groundwater level increases in the regional groundwater table of 4.05 m, 3.61 m and 2.14 m
have been measured in monitoring wells at distances of 90 m, 320 m and 1,660 m respectively
from the centre of the infiltration basin. Based on these observed groundwater level changes in
the regional aquifer, the Pilot Trial resulted in increased groundwater levels and 2.4 Million m3 of
additional storage via pressure response over an area of at least 12 km2 surrounding the
infiltration basin.
Results will be used to provide an understanding of the potential for using MAR to sustainably
manage groundwater storage for environmental, cultural and economics outcomes.
References Golder Associates. (2017) Hinds Managed Aquifer Recharge Pilot Trial – Phase 1 Report,
1538632-7410-024-R-Rev2, 88 pages. Prepared for Canterbury Regional Council. Used by written
permission by CRC.
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LINKING WATER FLOW AND CONTAMINANT TRANSFER THROUGH MESOSCALE CATCHMENTS
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Abstract
As farmland accounts for approx. 55% of the total New Zealand land area, there is
substantial potential for agricultural contaminants such as nitrogen, phosphorus, faecal
bacteria and sediment to end up in waterways. For different soils and landscapes the water
pathways vary at a range of scales in their propensity to yield, convey and attenuate
contaminants. The pathways each nutrient take from the field to the stream differ. These
contaminant pathways are largely linked to flow components such as base flow (shallow and
deep groundwater) and quick flow (overland flow, interflow and artificial drainage). Understanding
the nutrient pathways to a stream can help nutrient management strategy as well as catchment
management strategies considering downstream impacts. A huge amount of empirical work
would be needed to make measurements in the entire soil - vadose zone - groundwater
continuum to define the contaminant pathways, rendering this approach unfeasible. To overcome
this problem, the knowledge of hydrology and environmental chemistry can be utilized to link
catchment behaviour to their hydrological and chemical signatures observed at the catchment
outlet. The objective of this study is to review the state-of-the-science that describes available
approaches to model the link between catchments and their unique chemical, hydrological and
isotopic signatures and the dominant transport pathways of contaminants. These indirect
methods will help to quantify the flow pathways within a catchment and have the advantage that
they provide an integrative measure of the transfers and processes upstream. Of the different
methods, various methods that are applicable under certain circumstances and for certain
purposes for the New Zealand environment will be recommended.
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FASTER FLOOD FORECASTS
Graeme Smart,1
1
NIWA
Aims
This research concerns speeding up of flood inundation forecasting to allow warning for the
timing and severity of impending flood events. A combined hydrologic (catchment) and
hydrodynamic (floodplain) model is developed as a single package allowing distributed rainfall
inputs over the catchment and floodplain of interest. A fast model is sought which extends
conventional hydrodynamic floodplain modelling into a river’s catchments, eliminating the need
for input hydrograph boundary conditions.

Method
Allowing distributed water sources (and sinks) across the topography is termed “direct rainfall”
modelling. A direct rainfall option is available in several commercial floodplain modelling
packages but it is here extended to incorporate river catchments areas. Adaptive computational
cells embrace both large hillslopes at a coarse scale and small channels at a fine scale. The
distribution of rainfall may vary with time and location so that, for example, a storm could move
down a catchment and across a floodplain as a growing flood moved in the same direction. The
model is applied to the Waikanae floodplain and catchment shown in Figure 1. This area provides
a microcosm of New Zealand with mild and steep catchments, native and introduced vegetation,
urban and rural land uses and a significant river system.
Extension of hydrodynamic models to catchments is not straightforward. During a computational
time step of e.g. 1 second, a rainfall intensity of 3.6 mm/h produces an incremental depth
increase of one micron (1 x 10-6 m). Not only can such very shallow depths cause numerical
instability in a hydrodynamic model but flow friction (and consequently velocity) is not correctly
represented by usual flow resistance equations designed for turbulent channel flow (Smart,
2016). These issues are resolved and results are presented for a real flood event to show how
the resolution of topography and the rainfall injection methodology influence the run time of the
model and accuracy of predicted river levels.

Results
The combined “Faster Flood Forecast” model run time is less than previous, individual
component models but typically takes 2 days to run a 24-hour storm inundation simulation when
computed on an IBM Blade H cluster. When the hydrologic function of the model was evaluated
by comparison with measured streamflow from the Jan 2015 flood, the (uncalibrated) model
predicted a streamflow peak that was 15% too large and 50 minutes too early. For the same
flood, the equivalent conventional catchment (TopNet) model, with 8 parameter calibration,
predicted a streamflow peak that was 4% too large and 30 minutes too early. The difference in
floodplain inundation was significant however, not because of the different inflow peaks but
because the hydrologic catchment model did not include flooding from rainfall that fell on the
Waikanae floodplain. Thus, in this application, while conservatively predicting the timing and size
of the flood, the combined FFF model predicted the inundation extent better than a conventional
hydrologic-hydraulic model chain.
The goal is to achieve a model which will run faster than real time, i.e. under 24 hours to simulate
a 24-hour storm. This would allow the model to be run continuously for operational inundation
forecasting. In operational mode, it is envisaged that rainfall inputs would be interpolated from the
NIWA 5km Virtual Climate Station Network. The model run time could be improved by more
efficient algorithms for handling shallow flows over wide areas and/or by faster processing (GPU
or HPC facilities).
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Figure 1. Location of Waikanae River system subdivided into 67 watersheds of 2 km2.

Figure 2 Depth of maximum inundation predicted by FFF model using 67 rainfall injection points into the
sub-catchments shown on Figure 1 (run W56).
References
Smart, G.M. (2016). Improving Flood Hazard Prediction Models. In RiverFlow2016, Constantinescu, Garcia
& Hanes (Eds). Taylor & Francis, London. ISBN 978-1-138-02913-2.
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CLIMATE MONITORING NETWORKS: PROCESSES, PROCEDURES & PURPOSES
MS Srinivasan,1 Andrew Harper2, Andrew Tait3, Mike Thompson4
1
National Institute of Water & Atmospheric Research Ltd.,Christchurch
2
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3
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4
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Aims
Science requirements for regional councils are broadening over time as information needs
evolve. Requirements include, but not limited to, flood warning, water resource management,
state of the environment reporting, drought monitoring and climate change. These regional
requirements can, and do, occasionally differ from those at national scale. A recent example is a
review of climate monitoring networks for the Greater Wellington Regional Council (GWRC),
where we considered a combination of local needs and national-international guidelines.
Method
The World Meteorological Organization (WMO) provides regulations and guidelines for member
countries on meteorological and hydrological practices. The UK Meteorological Office has a very
useful Statement of Guidance which combines international, national and local requirements for
climate applications (day-to-day operational needs), long term climate monitoring, business and
global networks, and others. NIWA makes use of these guidance material, along with four key
criteria - urban areas, climate regions, land-use and altitude. For GWRC, these were all combined
with further regional criteria set by regional council, and considered stations operated by NIWA,
MetService, GWRC, the National Rural Fire Authority (NRFA) and others such as Wellington City
Council.
Results
• The structure of climate monitoring networks is influenced by its purpose, and this purpose
varies with various operators. Generally, in the GWRC region, the network is well
represented in urban areas but less so everywhere else.
• Where multiple operators are collecting climate data independently, the effectiveness of
monitoring network could be enhanced if data are shared between operators. However, two
issues need to be considered: (1) where real-time data are needed to make crucial
decisions, such as evacuation during flood events, data sharing needs a careful planning;
and (2) where instruments used and frequency of data collection are different, data
integration could be a challenge.
• Consistency, and especially awareness, of data collection methods (instrumentation,
QA/QC, archival and others) is crucial. There are subtle but important differences between
the four main operators, in addition to those changes that can, or have, occurred over the
lifetime of a station. Instrument make and model, exposure and data logging methods all
have an effect on the data recorded, and changes to any one of these will result in
differences in the data recorded, and thus in resulting interpretations.
• Derived national datasets such as virtual climate station network would be greatly enhanced
when data from various sources are included.
• Generally there is a scarcity of climate monitoring sites at higher elevations (300 m and
above). Accessibility, technology and cost are contributing and limiting factors.
References
Srinivasan, M.S., A. Tait. A. Harper, 2016. Review of climate, rainfall and soil moisture monitoring
network. Great Wellington Regional Council. NIWA report 2016056CH, 133 pages.
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MODELLING VEGETATION CONTROLS ON BRAIDING RIVER PLANFORM
Stecca, G.1,2 Fedrizzi, D.1 Hicks, D.M.2 Measures,R.2 Zolezzi, G.,1 Bertoldi, W.1 Tal,M.3
1
Department of Civil, Environmental and Mechanical Engineering, University of Trento,
Trento, Italy
2
National Institute of Water and Atmospheric Research, Christchurch, New Zealand
3
CEREGE, Aix-Marseille University, France
Introduction & Aims
Naturally braiding rivers require sources of gravely/sandy bed material and channel slopes steep
enough to provide, with the given flows, stream power sufficient to transport this bed material.
The resulting planform is characterised by a dynamic multi-channel pattern, the evolution of which
is controlled by the complex interplay between flows and sediment transport - with the
morphology determining flow distribution across the floodplain, and flows driving erosion and
deposition processes which reshape the morphology.
Alteration of river flows, sediment supply, or factors that influence local hydraulic and sediment
transport processes on the braidplain can reduce the tendency of rivers to braid. Vegetation is
one such factor that can exert a powerful control over the planform properties, as resilient woody
species add strength to braid banks, hide gravel supplies in banks, and alter hydraulic roughness
distribution - thus favouring flow concentration into main channels, which then incise and
enlarge, drawing flow away from minor braids. This is the case with many altered braiding rivers
in the world. A notable New Zealand example is the lower Waitaki River (Figure 1), which has
experienced reduced braiding intensity after the spread of non-native vegetation favoured by
reduced flood frequency due to hydro-power storage control (Hicks, 2006).
Here we report on the development and application of a physics-based numerical model to study
how vegetation controls braiding river planform. This study constitutes a first step towards the
construction of a numerical prediction tool able to forecast changes in braided river morphologies
as a function of imposed changes in the morphological control variables.

Method
We develop a physics-based numerical model able to account in a simplified manner for all the
relevant braidplain processes. Building on the pre-existing GIAMT2D model (Siviglia et al, 2013),
which solves for two-dimensional shallow flows and bedload sediment transport in rivers in a fullycoupled approach, we included parameterisations of secondary flows, bank erosion, and a novel
vegetation module which develops the concepts put forward by Bertoldi et al (2014). The
vegetation module updates vegetation density following changes in the local hydromorphodynamic controls, and adjusts hydraulic roughness, bank strength, and sediment transport
properties accordingly.
We tested the numerical model by reproducing a set of flume experiments that used alfalfa
sprouts as vegetation (Tal and Paola, 2010). Undertaken for a PhD study inspired by the lower
Waitaki River, the experiments began with a braided morphology that had evolved at constant
high flow over a bed of bare uniform sand from an initially straight single channel with no
vegetation. With introduction of vegetation the braided morphology was observed to transition to
a single-thread channel when this high flow was repeatedly cycled between periods of low flow
and vegetation growth.

Results
Our numerical results show very good qualitative agreement and good quantitative agreement
with the outcomes of the physical model. Qualitatively, the numerical model was able to
reproduce the observed patterns of planform changes (Figure 2) and to mimic the morphological
unit mechanisms of planform development (e.g., meander cut-offs, channel avulsions), correctly
capturing their time scales. Quantitatively, time series of wetted and active width, sediment
discharge, planform reworking, and statistics of bed elevation compared well overall with the time
series extracted from the laboratory results.
Finally we numerically tested the impact of progressive changes in controls over modelled
planform shapes. We considered three scenarios: i) increased inter-flood low flow period duration
and ii) decreased low flow discharge, both favouring vegetation encroachment; and iii) decreased
sediment feed (as would occur, for example, due to a dam a short distance upstream). All the
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three scenarios produced morphologies with reduced reach-averaged braiding intensity; in the
case of the third scenario, we also observed significant headward incision of the main channel.
Figure 1: Riparian vegetation encroachment and braiding complexity decrease in the lower Waitaki River (at
State Highway 1 Bridge) 1936-2001. Source Hicks (2006).

Figure 2: Results of our numerical reproduction of the the physical experiment of Tal and Paola (2010),
showing detrended shaded-relief maps with flow depth overlain (blue scale) and vegetation density (green
scale). a) Initial condition: a straight channel dug in a bare sand plain. b) Development of a braiding network
under high flow conditions. c) Transition to meandering after 11 vegetation cycles (each cycle featuring a
three-day vegetation growth phase at low flow followed by a one-hour high-flow phase).
a) time = 0

b) time ~ 21h.10’

c) time ~ 34d.06h
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UNCERTAINTY ESTIMATION FOR TRITIUM AGES OF BASEFLOW
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Aims
Tritium concentrations in streams offer the possibility of determining the age or transit times of the
older components in streamflow. We aim to test a method of determining the uncertainties of
transit times estimated from tritium in catchments or groundwater systems.

Method
Transit time determinations from tritium concentrations are affected by measurement errors and
model structure uncertainties (i.e. parameter identification problems). We apply the generalised
likelihood uncertainty estimation (GLUE) method (Gallart et al., 2016) to account for the
propagation of errors through the transit time estimation process. Monte Carlo sampling is used
to sample 50,000 input and output tritium values and parameter sets, which are then ranked for
likelihood using the Nash Sutcliffe Efficiency (NSE). The NSE expresses the goodness-of-fit of
the simulations to the sample tritium values.

Results
Tritium measurements from the Main Spring of Te Waikoropupu Springs have been simulated
using the exponential piston flow lumped parameter model (EPM, Fig. 1). The figure shows the
tritium concentrations in recharge and main spring through time from Stewart and Thomas, 2008.
The excellent best-fitting EPM simulation shown has NSE of 0.996, which is close to a perfect fit
(i.e. NSE=1).

Figure 1. Tritium concentrations in the Te Waikoropupu Main Spring as a function of time.

The NSE is used to separate behavioural parameter pairs, shown as grey (NSE>0) and black
(NSE>0.95) dots in the dotty plot (Fig.2a), from non-behavioural pairs with NSE<0. The full
parameter space was examined (mean transit time (MTT) from 1 to 200 years and exponential
fraction (f) from 5 to 100%). Part of this space is shown in Fig. 2a. The best fitting solutions lie
parallel to the vertical axis, showing that the fit to the data is sensitive to the time scale (i.e.
parameter MTT), but very insensitive to the model structure (parameter f).
Fig. 2b shows the likelihood-weighted cumulative density function. The 50% cumulative likelihood
value is 7.6 ± 1.8 years, which compares well with the best-fit MTT value of 7.9 years (Fig. 1).
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Figure 2. (a) Dotty plot showing the behavioural parameter sets. (b) Likelihood-weighted cumulative density
function as a function of mean transit time.

The program produces additional points (called “numerical phantoms” in Gallart et al., 2016),
which do not fit the tritium data and when tested prove to have NSE values much less than zero.
These dots have been excluded (as shown by the rectangle in Fig. 2a) when producing the mean
transit time (MTT) versus cumulative likelihood plot (Fig. 2b). Other lumped parameter models
(e.g. double exponential piston flow, dispersion, and double dispersion models) will be tested with
the GLUE methodology in the future.
References 9 pt Arial; Harvard style
Gallart, F., Roig-Planasdemunt, M., Stewart, M.K., Llorens, P., Morgenstern, U., Stichler, W., Pfister, P. and
Latron, J. (2016): A GLUE-based uncertainty assessment framework for tritium-inferred transit time
estimations under baseflow conditions. Hydrological Processes (Keith Beven Tribute), 30, 4741-4760. DOI:
10.1002/hyp.10991
Stewart, M.K. and Thomas, J.T. (2008): A conceptual model of flow to the Waikoropupu Springs, NW
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Earth System Sciences, 12(1), 1-19. http://www.hydrol-earth-syst-sci.net/12/1/2008/hess-12-1-2008.html
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USING GEOPHYSICAL DATA TO INFORM GROUNDWATER EXPLORATION IN A
DATA-CONSTRAINED ENVIRONMENT, GRANDE COMORE
Taulis M,1 Libbey R, 1 Brotheridge J, 1
1
Jacobs New Zealand
Aims
Grande Comore (Figure A) is volcanic island in the Indian Ocean with potential for geothermal
development (Jacobs, 2015). Initial geothermal surface investigations have focused on
developing this resource on the flanks of the Karthala Volcano at elevations of about 2,100 m
above sea level. Geothermal wells at this location will have to be drilled to depths of
approximately 2,500 and 2,900 m below ground level to intersect the geothermal reservoir, and
will require about 57 L/s of water during drilling. Despite high rainfall (about 2,460 mm/year)
occurring on Grande Comore, runoff is very low (about 15% of precipitation) and the highly
permeable basalts, scoria layers, and lava flows impede the formation of permanent rivers on the
island (Bourhane A, 2016). Consequently, the main options for sourcing fresh water include
collection of rainwater and groundwater.

Figure M. Grande Comore Island and Study Area location (red circle)
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The aim of this study is to assess the water supply capacity and feasibility associated with
groundwater supply to meet geothermal drilling requirements (e.g. Study Area in Figure A). This
option involves identifying areas with the highest potential well yield of groundwater, which will be
pumped via production bores. After finding areas of high production, the number of wells needed
to satisfy the drilling demand is calculated.

Method
Groundwater on Grande Comore is mainly being utilised along the littoral domain. However
groundwater wells in the inland domain, where the depth to groundwater is significant, are not
utilised as these would require unconventional drilling methods for their completion. To date, no
exploration bores have been drilled on the flanks of Karthala Volcano at elevations higher than
1,000 m AMSL. However, the results of a geophysical study by Savin et al (2001) and a
magnetotelluric (MT) survey by Jacobs (2015) reveal a subsurface resistivity signature that
suggests the presence of a groundwater system at a depth of about 300 m BGL, within the
geothermal exploration area.
The method used to identify areas with high well yield potential is based on an assessment of
specific capacity, available drawdown, and well yield. The geophysical work carried out to date
suggests that Comoros is comprised of perched volcanic aquifer systems. A conservative specific
capacity value of 0.1 L/s/m was assumed for this assessment due to the absence of reliable field
data for the study area. This value is similar to specific capacity values found in similar settings.
In this study, the maximum available drawdown for each well was calculated by subtracting the
pump intake depth from the inferred piezometric surface with an 80% safety factor. The
piezometric surface was estimated by carrying out 3D modelling with data from the MT
geophysical survey carried out in 2015. Well yield areas were calculated by multiplying specific
capacity by the maximum available drawdown for the area selected for groundwater production
on the flanks of the Karthala volcano.

Results

The inferred depth to the watertable (approximated by the 500 Ωm isoresistivity surface in a 3D
MT inversion model) also corresponds closely with the level of an lake that appeared in the ~250
m deep Choungou-Chahalé crater at the summit of Mt. Karthala prior to an eruption in April 2005.
The observed gradually doming inferred water table surface is consistent with the Canarian type
hydrogeological model for island shield volcanoes (Join, Folio, & Robineau, 2005). In this model
there is a regional-scale aquifer with a progressive transition to lower hydraulic conductivities with
depth. In this context, the transition to lower hydraulic conductivities can be related to the
existence of a hydrothermal clay cap, which updomes beneath the central summit region of Mt.
Karthala and conceivably serves as a barrier to the downward flow of overlying groundwater.
This assessment has indicated that well yield within the study area could potentially include 8-12
L/s and 12-16L/s zones (Figure A). At least 5 production bores would be required to satisfy
geothermal drilling demand: about 4 production bores would be drilled in the 12-16 L/s zone and
an additional one in the 8 -12 L/s zone. Consequently, with this bore distribution the bore field
output would be 56 – 76 L/s. This bore field output would meet actual drilling demand (e.g. >48.2
L/s) and the worst case (57.3 L/s) is also likely to be met by this water supply option. If additional
water is required, additional bores can be established within the study area.
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Figure N. Groundwater exploration zones near the Karthala summit
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GROUNDWATER MODELLING TO SUPPORT GROUNDWATER MANAGEMENT IN
THE BAY OF PLENTY
Mauricio Taulis,1 Janine Barber,2 Raoul Fernandes, 2
Tim Baker, 1
1
2

Jacobs New Zealand
Bay of Plenty Regional Council Toi Moana

Aims
Bay of Plenty Regional Council (BOPRC) is required to set environmental limits to sustain and
manage freshwater resources as required by the National Environmental Standards on Ecological
Flows and Water Levels (NES). For this purpose, BOPRC has commissioned Jacobs NZ with the
construction and calibration of groundwater models in two important Water Management Areas
(WMA) in the Bay of Plenty. These are the Kaituna Water Management Area (WMA) and the
Tarawera, Rangitāiki and Whakatāne Region (TRWR). These groundwater models will enable
BOPRC to simulate the impacts of groundwater extraction under various abstraction scenarios,
and to set sustainable environmental limits.

Method
The Study Area comprises the Kaituna WMA and the TRWR (Figure 1). The Kaituna model was
developed in 2016-2017 and the TRWR is currently under development. For the Kaituna model, a
conceptual model was put together taking into account topography, climate, geology and
hydrogeology. The geological model used in this study had been previously commissioned to
GNS Science, which produced a 3D geological model using the Leapfrog Geothermal software
package. For simplicity, geological units with water-bearing properties were lumped into single
hydrogeological units with similar hydrologic properties and adjacent to each other so that they
could be hydraulically modelled. Recharge was estimated by perusing lysimeter data from 3
stations in the Kaituna WMA. In addition, Transmissivity and Storativity were estimated from
pumping tests previously carried out in the catchment. Water levels from monitoring bores were
provided directly by BOPRC.
Once the conceptualisation was complete, the model was developed in the 3D finite difference
MODFLOW modelling package using Groundwater Vistas (v6.79). The model was calibrated by
comparing modelled and measured hydraulic heads and baseflow in steady state and in transient
mode. An analogous approach is currently being developed for the TRWR model.
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Figure 15. Study area: the Kaituna WMA and the Raingitaiki Tarawera Whakatane Region

Results
Results from the Kaituna model indicate that annual water balance components have been
relatively stable over the transient calibration period (1983-2015), with rainfall recharge
accounting for 65% of the input to the groundwater system and baseflow accounting for 70 % of
discharge from the groundwater system. The combined volume of groundwater takes during the
calibration period was estimated to be approximately 3 % of the rainfall recharge to the entire
Kaituna WMA, and 11 % of direct rainfall recharge to the coastal area where the takes are
concentrated.
The Kaituna model has been used to predict the impact future groundwater takes might have.
The scenarios range from an average of 40,000 to 270,000 m3/d take per year and correspond to
an estimated 6 % to 40 % of direct rainfall recharge to the coastal area being consumed, on
average, by the takes. The long term effect these scenarios will have on the aquifer system is
predicted to be a maximum of 2 m drawdown, compared to modelled present day conditions, in
the summer and 1 m in the winter.
It is recommended that the model be revisited when transient groundwater monitoring is available
at additional sites, providing a greater coverage across the catchment than is presently available.
Given the highly connected nature of surface water and groundwater systems in the WMA,
additional transient streamflow gauging coverage would also be beneficial in reducing uncertainty
associated
with
model
predictions.
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A HYDROLOGICAL DROUGHT INDEX FOR THE CLUTHA CATCHMENT
Malcolm Taylor1 and Earl Bardsley1
1
School of Science, University of Waikato
Introduction
The Clutha River is New Zealand’s largest river, both in terms of discharge and catchment size. It
has a large seasonal variability with large spring and summer flows and very low flows in winter.
The river is important for its contribution to energy production from two large hydro dams,
irrigation for agriculture and horticulture, and tourist activities. The mountainous South Island
topography to the west of the catchment area means that a large part of the catchment is in a rain
shadow, and is regularly subject to long periods of time without any significant precipitation.
While floods can be mitigated against, droughts are insidious and generally well established
before being identified. There are many issues with identifying drought in the Clutha Catchment,
but the main one that prevents the use of a Standardised Precipitation Index (SPI) is the rain
shadow of the Southern Alps, with resulting large differences in precipitation from one part of the
catchment to another. More than 8 meters of precipitation per annum can fall along the main
divide and less than 350 mm per annum in parts of the Manuherikia Valley. A further
complication is the lack of rain gauges distributed about the catchment with less than twenty
telemetered gauges spread around 16,000 km2.
Similarly the extremely low precipitation in the mid part of the catchment is only 50% of the mean
annual evaporation of 700 mm per annum, which puts large areas into an almost permanent soil
moisture deficit.
However, a hydrological drought is defined as a lack of water in the hydrological system,
identified by abnormally low streamflow in rivers and abnormally low levels in lakes, reservoirs.
And this can be measured by monitoring the actual discharge at a point outside the rain shadow
area. The river discharge is an exact integral of the total precipitation and groundwater usage
over all parts of the catchment upstream from the point of measurement. And in the case of the
Clutha this is smoothed by the storage capacity of the major lakes.
Developing a hydrological drought index for the Clutha has a single complicating factor in that the
actual river flows are modified by discretionary releases of water from the only storage lake in the
catchment at Hawea. A drought index is proposed for the upper and mid Clutha Catchment that
identifies the onset of hydrological drought conditions, measures the severity of the drought, and
signals the end of the drought.

Method
Because the Clutha River flow is modified by releases from the Hawea dam it is necessary to
determine what the natural portion of the river flow would have been without the influence of the
Hawea water.
Daily flow data for the Clutha River measured at the Roxburgh Dam and for the Hawea River was
obtained from Contact Energy from 1930 to 2014. Unfortunately, for the period of august 1955 to
the end of 1967 only weekly average data was available for Hawea. The average daily data for
this period was assumed to be the same as the weekly data. Roxburgh Dam was chosen as the
site for determining the Clutha drought index as it has a long flow record, and is downstream of
the mid catchment that is in the rain shadow, but still upstream of the coastal rainfall area. The
daily Hawea flow was subtracted from the discharge at Roxburgh to obtain an unmodified river
discharge.
An array of natural flow is constructed of date by year, For each individual date a threshold flow is
determined that is within, but still close to 1 standard deviation below the mean flow for that day.
It would thus be an indicator that conditions are tending towards dry, even if not quite there yet. A
deficit value for each low flow day is calculated as being the difference between the actual flow
and the trigger flow for that day. On days that have a flow above the trigger flow no deficit is
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recorded. Once the actual flow drops below the trigger value the deficit value is calculated and
added to the previous day’s deficit to obtain a cumulative deficit. Thus the peak cumulative deficit
will continue to increase until such time as an increase in actual flow takes the river to above the
trigger flow. For all of the years 1930 to 2014 the mean of the annual peak deficits is calculated
and this deficit is standardised by dividing the cumulative deficit on any day by the mean annual
deficit to give a drought index for that day. The resulting index is a measure of both duration and
severity of the flow deficit.

Results
The level of drought for the Clutha Catchment, as measured by the river flow at Roxburgh, is
defined by the index as:
0 – 0.5
Low flows, but not truly a drought as this condition is experienced often.
0.5 – 1
Mild drought.
1 – 2
Moderate drought.
2 – 3
Severe drought.
>3
Extreme drought.
Figures

Fig 1: Trigger values to begin deficit measurements

Fig 2: Drought severity: Grey – No drought, pale yellow – mild drought, dark yellow – moderate drought, orange –
severe drought, red – extreme drought
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EVALUATING THE UNCERTAINTIES IN NEW ZEALAND’S GIS DATASETS;
UNDERSTANDING WHERE AND WHEN FRAMEWORKS SUCH AS LUCI CAN
ENABLE ROBUST DECISIONS SURROUNDING FARM MANAGEMENT PRACTICES
Taylor, A.1 Jackson, B.1 Metherell, A.2
1

Victoria University of Wellington 2Ravensdown Ltd

Aims
The connection between agricultural activities and water quality degradation is not new, with
many studies identifying forms of diffuse pollution such as nitrogen, phosphorus and sediment
emitted from intensive agriculture. While the quantities of nutrients lost from agriculture are not
large compared to the total nutrient amounts residing in the soil-plant-animal system, the transfer
of nutrients from agricultural land to water causes significant environmental impact (Monaghan et
al., 2007). With increasing attention on more sustainable land-use practices and mitigating the
impact of agricultural intensification on the environment, decision support tools like the Land Use
Capability Indicator (LUCI) are well suited to aid agricultural management, at both small and large
scales (Trodahl et al., 2016). LUCI is a GIS-based (Geographical Information Systems)
framework that explores land management scenarios to identify locations where changes in land
use might deliver improvements in ecosystem services, or where trade-offs between services are
present (Sharps et al., 2017). The algorithms in LUCI explore the impacts of land management
changes on flood risk, habitat connectivity, erosion and sedimentation, carbon sequestration and
agricultural productivity. This research is solely focused on LUCI’s ability to model and track the
flow of nitrogen, phosphorus and sediment across the landscape to waterways. More information
on LUCI’s other tools can be found in Jackson et al. (2013). Models such as LUCI rely on spatially
detailed data to produce high-resolution outputs. The level of accuracy and uncertainty in soil,
elevation, climate and land use datasets is known to influence the output of such decision support
tools (Trodahl et al., 2016). Understanding the quantitative differences in predictions that arise
from the sensitivity of LUCI to different datasets, with varying precision and accuracy, will provide
valuable information to model developers, industry specialists and end users.
This presentation discusses how the varying quality and resolution of New Zealand’s soil and
elevation datasets impact LUCI’s output. Determining the sensitivity of the LUCI model to these
datasets will provide guidance on how robust LUCI’s predictions are of nitrogen, phosphorus and
sediment loads entering waterways.

Method
Using a North Canterbury farm as a case study, elevation data in the form of LiDAR (Light
Detection and Ranging) at 2 m horizontal resolution is compared to the national DEM (Digital
Elevation Model) of
15 m resolution. In addition to changing the quality of the elevation data at this site, the FSL
(Fundamental Soil Layer) and the new soil inference system S-map are compared. How to
correctly utilise the soil sibling data held in S-map is also explored through the comparison of LUCI’s
output under three different sibling classification scenarios. Three different scenarios that are
considered: (1) only the dominant sibling is used to represent each soil type present; (2) a
weighted average of up to five siblings based on their estimated coverage within the soil polygon;
and (3) a Monte-Carlo analysis with a random selection of siblings for each soil type, based on a
random number generator.

Results
While LUCI has been designed to work with national scale data, the improvements gained
through using finer-resolution datasets significantly enhances LUCI’s representation of the
landscape (Figure 1), enabling users to explore the spatial pattern of ecosystem services and the
trade-offs between them. Two examples of the improved accuracy directly associated with finer
resolution input data, is the improved accuracy of LUCI’s routing of water through the landscape,
when comparing the national
scale DEM and the LiDAR derived DEM. The second example is the improved estimates of
nitrogen and phosphorus lost from the updated soil data held in S-map. The analysis of the sibling
data identifies situations where uncertainty associated with land management decisions
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represented through LUCI is more sensitive to the different ways sibling data can be represented
(this is predominantly influenced by soil type). Decision support tools like LUCI are reliant on GIS
datasets to inform the algorithms of the characteristics of the landscape they are modelling.
Predictive accuracy is intrinsically linked to the quality of both collected data (e.g. soil
characteristics) and the extrapolation of this point data to similar areas around New Zealand.
Figure 1- Example of LUCI’s nitrogen model output using a 2 m DEM and S-map as the elevation and soil
input data. a) Represents the total nitrogen exports to water and b) shows the accumulated nitrogen load for
every grid cell in the highlighted area, identifying spatially explicit nutrient pathways.
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THE HERETAUNGA PLAINS UNCONFINED AQUIFER.
POLLUTION POTENTIAL FROM URBANISATION-A RETROSPECTIVE
Thorpe H R
Aims
The material in this paper was published in NZ, in full, as a report of the National Water and Soil
Conservation Organisation. (Thorpe H R, Burden R J and Scott, D M. 1982). It was also
presented as three papers at a conference in Perth in 1979 and published in the conference
proceedings by the Australian Water Resources Council. Aspects of it were also presented at a
1978 workshop at Lincoln University attended almost exclusively by Cantabrians. The intention of
this presentation is to more widely inform present day practitioners of the results, which remain
relevant in areas having coarse alluvial aquifers.
The reason for the work was to provide sound scientific information on the risk of pollution of the
unconfined aquifer in order to assist resolution of a dispute between the Hastings City Council
and the then Hawkes Bay Catchment Board. The disagreement was about the wisdom of
extending the urban boundary over the unconfined aquifer through the area which is now broadly
the suburb of Flaxmere and beneath which Hastings City’s groundwater resource flows.

Methods

The investigation involved a massive amount of field work throughout the unconfined aquifer
north west of Hastings City, data from which data was fed into a numerical flow model. The end
result allowed conclusions to be drawn with some confidence.
Previous work in this area provided a good starting point for this project. References to this work
are listed in Thorpe, Burden and Scott (1982)
The new information arising from this study derived from field experiments at four sites using
tracers in both the vadose and saturated zones, numerically modelling the effects of urban
expansion, plus nitrate contamination and modelling in the Ngatarawa Valley near site 3.
A wide variety of tracers were used. These included bromine-82 a gamma emitting isotope with a
short half-life, iodine-131 rhodamine-WT and E.coli (H2S+) which can be uniquely distinguished
from other coliforms likely to be found in these environments. Saline water can be used if
background levels are low or large volumes can be injected. The lithium cation was also trialled
but not persisted with as it is needs laboratory analysis.
Figure 1 shows the broad study area. Recharge is mostly from the Ngaruroro River between
Roys Hill and Fernhill (≈ 5 m3/sec) with lesser input from above Roys Hill (≈ 0.7 m3/sec). Also
shown are the limits of the fine beds (a), the boundary of the unconfined/confined aquifers (b) and
the variable position of the flowing artesian conditions (c). The field sites are marked with
crosses. Most effort was focussed at site 1, less at site 3 and much less at sites 2 and 4 (which
are now engulfed by Flaxmere).
Tracers injected at one well were detected at a down-flow array. Figure 2 shows the array at site
1. This was a huge learning experience as the tracer plume did not follow the path indicated by
the regional piezometric contour and in order to get a good distribution of samples in all three
dimensions a second array had to be drilled as shown. This done, tracer testing proceeded
successfully and a lot of very useful information derived. At this site we also experimented with a
“leaky sewer” through which we again injected tracers and tried to track them down through the
vadose zone and then horizontally to the sampling wells. This was more difficult.
The divergence between the assumed and detected flow directions was about thirty degrees at
the sampling array but of greater interest is the curved flow path. This was obtained by injecting
21,000 litres of sea water and tracking this using the earth resistivity technique. In fact this
curved path is still probably a simplification of the tortuous flow path over shorter distances.
Less effort was made at the other three sites but it appears that the flow behaviours were similar
to site 1. Site 3 was somewhat different because the gravels there are older.
Groundwater seepage velocities were extremely high at site 1, in excess of 200m/day at the
centre of the plume. The hydraulic gradient here was steep, with lower velocities and gradients
measured at the other sites. Mean seepage velocity at site 1 was 85m/day, at site 2, 10m/day
and at site 3, 7.5m/day.
Dispersivities in three dimensions were derived from the tracer study breakthrough curves at sites
1 and 2 and from separate work on the Hastings City dump leachate plume (see figure 1). The
longitudinal dispersivities increased with the length of flow path as has been observed elsewhere.

217

Mean values of longitudinal dispersivity were 4.7m at Roys Hill over a flow path of 77m, 1.1m at
site 2 (15m) and 41m for the Hastings City dump ( 290m).
The E.coli (H2S+) was successfully used as a tracer and travelled faster than the dye. This is said
to be because the bacteria are excluded from the smaller pores and therefore move slightly more
rapidly overall. Die-off rates obtained from samples suspended in dialysis sacs down bores
indicated time for 90% die-off (T90) of 33 days) indicating that bacterial contamination from a point
source sewer rupture would be insignificant 3.4km downstream.
The numerical model assumed three dimensional dispersion in the unconfined aquifer leading
into a two dimensional situation within the confined aquifer. It further assumed a worst case
scenario of a population of 40.000 people serviced entirely by septic tanks spread over about
30km2 in the Flaxmere area. Even under these extreme assumptions the increase in Nitrate-N
was computed to be about 9 gm-3 so under a more realistic assumption the increase would be
much less.
Broadly, our conclusion was that urbanization in this area would be acceptable provided that it is
largely confined to residential development.
Did we get it right? Has anyone gone looking??

Fig 1. The research area NW of Hastings City showing the sites of borehole arrays and
unconfined/confined aquifer boundaries.

Fig. 2 The bore array at site 1 showing the assumed and actual flow paths.
Reference: Thorpe H R, Burden R J, Scott D M: (1982). Potential for Contamination of the
Heretaunga Plains Aquifers. MWD Water and Soil Technical Publication No 24 . ISSN 01194144.
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USING FUZZY COGNITIVE MAPS TO VISUALIZE AND UTILIZE MATAURANGA
MAORI AND SCIENCE IN FRESHWATER MANAGEMENT
Tipa, G. 1, Home M2, Nelson K.1
1
Tipa and Associates Ltd
2
NIWA
Aims of the research
The overarching aim of the research was to develop a better understanding of the range of
methods available to Manawhenua and resource managers to aid utilization of Matauranga Maori
in water management. We examined the value of using fuzzy cognitive maps to structure and
analyse data collected by iwi, hapu and whanau concerning the health of river catchments, and
their perceptions of the factors that adversely impact stream health, and consequently their
cultural beliefs, values and practices that are dependent upon healthy river systems. The focus
for this work was the Opihi catchment, which afforded Manawhenua an opportunity to inform the
limit setting process of the Orari Temuka Opihi Pareora Zone Committee.

Methods
Data were collected via interviews, hui, and hikoi to sites of significance. Field assessments were
undertaken and the Cultural Health Index was applied at 12 sites, and the cultural flow preference
methodology was also applied at several sites. This mixed methods approach provided a rich
database of qualitative and quantitative data complemented by a visual record of contemporary
and historic riverscapes.

Results
We examined how fuzzy cognitive maps (FCMs) can be used to inform the decisions of Maori
with respect to management of valued catchments. Our presentation will identify how different
knowledges informed construction of FCMs for 14 sub-catchments in the Opihi, and one for the
catchment as a while. When analyzed, the FCM highlighted differences between whanau
expectations and perceptions, and those of non-Maori, in other words the differences between
matauranga Maori and scientific assessments of the same waters were explicit. In our case
study, centered on the Opihi catchment, we created a weighted, directed FCM, which was a
semi-quantitative representation of individual and group knowledge. FCMs are increasingly are
being used globally to promote collective decision-making or to better understand knowledge held
within communities. Our Opihi FCMs combined knowledges, preferences and values with semiquantitative estimations of perceived relationships between concepts/variables.
By
understanding relationships between variables, the FCM helped identify components of a
“solutions package” that are needed to protect the wahi taonga and wahi tapu of significance to
Manawhenua. We can illustrate how cognitive mapping and its extension fuzzy cognitive
mapping, can assist Maori to more effectively structure and apply matauranga Maori to aid
identification of their management needs for inclusion in regional planning processes,
participation processes to set minimum stream flows and nutrient limits. Crucially, our FCM
helped Manawhenua participate in the regional council run scenario planning processes and
provided guidance on the non-negotiables for inclusion in solutions package for the subcatchments of the Opihi.
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USING VULNERABILITY ASSESSMENTS TO DESIGN A “BIG RIVER” FLOW
STUDIES IN CATCHMENTS INVOLVING MULTIPLE HAPU
Tipa, G.
Tipa and Associates Ltd
Home, M
Te Runanga o Arowhenua
Aims of the research
The aim of the research was to undertake a “big river” flow study. The catchment we chose was
the Waitaki catchment. A secondary aim, however, before we could undertake a big river study,
was to identify the sub-catchments that were to be the focus of our flow investigations. Our final
aim therefore was to undertake a vulnerability assessment for all 50 sites assessed by whanau
and hapu using the Cultural Health Index, and to identify those that are categorized as highly
vulnerable. This first step would ensure that the hapu, in preparing a flow study to inform the
future review of the Waitaki Catchment Allocation Plan were focusing their attention on the subcatchments that were highly vulnerable. A structured objective process was important given that
the catchment is shared by three runanga.

Methods
Secondary sources were utilized. The Cultural Health Index has been applied at more than 50
sites in the catchment. A report card for the catchment, reporting against 45 indicators, was also
available. A series of climate change reports, prepared by NIWA for Te Runanga o Ngai Tahu in
2016, were also accessed. Finally, we had access to all the Cultural Impact Assessments that
had been prepared by Ngai Tahu. We had a rich database of qualitative and quantitative data
that included contemporary photographs and historic paintings, survey maps and photographs.

Results
We compiled a matrix that started with the Ngai Tahu aspirations for a selection of sites ki uta ki
tai - from Aoraki to Korotuaheka (a reserve) at the river mouth. We then used expert opinion and
analysed CIAs, CHI results, whanau evidence, climate change reports, and technical reports to
identify the likelihood of these aspirations being realized, focusing on the factors that could limit
realization. This information then enabled us to calculate the risk. We used a whanau based
expert panel to rate the consequence. Whanau and hapu are already active in the Waitaki and
are implementing a range of strategies and policies that could loosely be described as adaptation
strategies. Once again, we used a whanau based expert panel to rate adaptive capacity. Once
we had estimated risk, consequence and adaptive capacity we had the components to determine
the vulnerability of the respective sub-catchments. This assessment also identified a number of
areas of significance to whanau, such as groundwater, spring fed streams, and wetlands, where
there is limited data.
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MATA KOPAE/ST. ANNE’S LAGOON
HOW TO MITIGATE DRYING OF AN INLAND LAGOON?
Jeanine Topélen1, Hamish Graham1, Jen S. Dodson1
1
Environment Canterbury
Mata Kopae/St Anne’s Lagoon is a small, shallow lake and associated wetland, located just north
of Cheviot in North Canterbury. The ‘lagoon’ is approximately 0.15km2 and the contributing
catchment area is 2.3km2. It is located in the headwaters of a tributary of Caroline Stream, which
feeds into the lower Waiau River. The surrounding landscape is eroded pastoral hill country with
an average annual precipitation of approximately 700mm.
Mata Kopae/St Anne’s Lagoon has high amenity values, is rich in tuna and waterfowl and
home to a range of indigenous wetland species and shrubs. It is a significant site to Te Rūnanga
o Kaikōura, with strong mahinga kai associations. In recent years projects have been undertaken
to restore the lake and wetland. The overall ecological health of the wetland including the habitat
for indigenous fish species and waterfowl has been improved by the creation of filtration and
buffer areas between farming activities and the lagoon.
In February 2017 after three years of lower than average precipitation Mata Kopae/St Anne’s
Lagoon dried up for the first time in nearly 50 years. According to anecdotal evidence the last
time the lake dried up was in the early 1970’s. The community raised concerns about the drying
of the small lake. Members of the local rūnanga and Cheviot locals sprang into action and spent
numerous hours rescuing over 2000 tuna, who had made the ‘lagoon’ their home for many years.
The Hurunui-Waiau Zone Committee was keen to know what could be done to avoid this from
happening again and at what cost. The small lake is solely reliant on rainfall runoff to maintain its
water level.
The first stage of the investigation was a high level feasibility assessment, including water
availability and requirements. A basic water balance, using storage, precipitation and evaporation
data, was set up to work out augmentation requirements incorporating water levels suitable to
maintain ecological health.
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STABLE ISOTOPES IN GROUNDWATER: FROM FACTS TO FIGURES
Trompetter V, van der Raaij RW.
GNS Science
Aims

At the Water Dating Laboratory (WDL), GNS Science, we measure the stable isotope
composition (δ18O and δ2H) of distilled water samples as part of the tritium analytical procedure.
This data cannot be used directly for understanding groundwater flow processes because the
isotope ratios have been altered due to fractionation during the distillation process. The aim of
this project is to correct the distilled sample data for the fractionation effect and combine it with
our dataset of conventionally measured groundwater stable isotopes, creating a spatiotemporal
distribution of δ18O and δ2H to aid in identifying rainfall recharge to shallow New Zealand
groundwaters.

Method
The WDL has carried out experiments to investigate the fractionation effect and quantify the
isotopic shift that occurs during the distillation process, to allow for correction of the data for New
Zealand groundwaters (McBeth, et al 2013). The total shift for clean NZ samples distilled to
dryness was approximately 3.8 ‰ ±1.0 ‰ for δ2H and 0.2 ‰ ±0.2 ‰ for δ18O.Our experiments
showed a good correlation between distilled and natural samples. (Fig 1). We were then able to
back calculate stable isotope ratios for historic tritium samples.

Results

We have collated our distilled stable isotope data (δ18O and δ2H) and corrected for thousands of
New Zealand groundwater samples. These results will be used in conjunction with rainfall data to
help refine the current stable isotope precipitation model (Baisden et al. 2016). This tool can be
used to understand rainfall contributions to shallow groundwaters (Fig 2.) and allow estimated
isotopic values at unmonitored sites to be determined.
Figure 1. Pre and Post distillation δ2H

Figure 2. δ18O distribution in groundwaters
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SATELLITE OBSERVATION OF WETLAND DYNAMICS AND RECENT FLOOD
EVENTS IN NEW ZEALAND USING GOOGLE CLOUD COMPUTING SERVICES
Westerhoff, R.S.1 , Tschritter, Constanze.1
1
GNS Science
Introduction
Wetlands are of crucial importance for the protection and improvement of water quality, providing
fish and wildlife habitats, storing floodwaters, and maintaining surface water flow during dry
periods. They are also extremely vulnerable, and therefore, require monitoring of their extents
and vegetation, both over long and short terms. Most wetlands in New Zealand have been
drained in the past, resulting in decreased resilience to floods and agricultural impact, and
therefore, more pressure on the remaining natural wetlands. With more extreme weather events
expected in the future, more data are needed to better understand the dynamics of wetlands and
flood plains in times of droughts and floods, and the interaction of wetlands with groundwater.
Recent satellite studies have shown to yield novel information on water dynamics of wetlands and
flood plains (e.g., Donchyts et al., 2016; Verpoorter et al., 2014). However, these global studies
focus only on inundation (and not vegetation) and do not show short-term or seasonal changes.
Furthermore, they do not use the wealth of more recent superior satellite data (e.g., Sentinel
missions).

Aims
The aim of this research is to build a prototype application that can assess seasonal vegetation
and inundation dynamics of wetlands and historical flood events in New Zealand, using advanced
satellite data from the Sentinel missions and rapid cloud-based classification techniques.

Method
Our methods were based on machine-learning classification and simple thresholding techniques
of satellite data from the Sentinel-1 (radar) and Sentinel-2 (multi-spectral) missions, combined
with older Landsat data. The methods were applied to measure the dynamics of vegetation and
water extents of wetlands and flood plains (i.e., Lake Whangape and Kopuatai peat dome in the
Waikato Region), and to map major recent flood events (i.e., Edgecumbe floods of April 2017,
Otago floods of July 2017).
Data were processed in Google Earth Engine (GEE; Gorelick et al., 2017), a cloud computing
facility with a multi-petabyte archive of satellite, climate and forecasting data. The advantage of
using GEE is that it takes away the huge burden of downloading, storing and processing Big
Data.

Results
Results are available in Google Map view, GeoTiff, or charts over time, and show both the
classified flood extent, as well as the different vegetation patterns of wetlands and flood plains.
Since radar data are used, the flood maps are not affected by cloud cover (Figure 1). Our results
show gradual phases of a flood, e.g., from groundwater flooding to the bursting of the river bank,
to the receding floods, and demonstrate the role of wetlands as a buffer in wet times, i.e., that
they have the ability to store excess water. Our results also highlight that drained wetlands, i.e.,
agricultural areas, are highly vulnerable to floods, which also exacerbates the risk of nutrients
entering our streams.
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Figure 1: Radar image from Sentinel-1 data, covering part of the Otago Region on 22 July 2017. Surface
water is shown in dark-purple colours.
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PROTECTION OPTIONS FOR MANAGING RISING GROUNDWATER IN SOUTH
DUNEDIN - REVIEW OF INTERNATIONAL CASE STUDIES
Van Nieuwkerk, E.1 Houlbrooke, C.1 Van de Ven, F,2
Buma, J.,2
1
2

Golder Associates (NZ)
Deltares

Aims
South Dunedin is a low lying area with high groundwater levels that affect buildings and
infrastructure through water ponding and drainage issues. This low lying urban area is bounded
by both the ocean and the harbour (Figure 1). Groundwater levels in South Dunedin are
expected to rise as a consequence of sea level rise (ORC, 2016), exacerbating existing water
ponding and drainage issues.

Figure 1: South Dunedin, Dunedin Port and Otago Peninsula (source: Glassey et al 2002)

Dunedin City Council and Otago Regional Council are seeking to learn from overseas
experiences of controlling groundwater levels. The study provided an overview of available
techniques to control groundwater levels in different types of urban environment used
internationally. The review of case studies included technical and governance aspects as well as
the ability to retrofit these systems in an existing urban area.

Method
Fifteen towns and cities throughout the world were selected as useful case studies, based on
their relevance to the South Dunedin situation and the availability of information. In a desktop
study and through literature search, these case studies were systematically reviewed.

Results
None of the case studies documented are exactly the same as the situation in South Dunedin.
However, each offers clear similarities in the issues that authorities face in dealing with rising
groundwater levels and they present multiple protection options that may also be feasible in
South Dunedin.
In urban areas where groundwater levels are relatively close to the surface several issues may
arise, such as surface water ponding, damage to infrastructure and buildings, and increased risks
of liquefaction during earthquakes. These issues can be severe and widespread unless
appropriate adaptive or management measures have been put in place. Factors such as sea
level rise, increased weather extremes and land subsidence all influence the potential change in
susceptibility.
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The adverse effects of high and rising groundwater levels can be mitigated through careful
planning, designing and maintaining adaptive mitigation measures. There are many different
technical measures that can be implemented to control groundwater levels. The success of these
systems depends heavily on the ability to install them in optimal locations, and the ongoing
appropriate operation and maintenance of the systems.
Mitigation options include horizontal and vertical drainage, pumped open canals, ground
improvement, seepage canals and cut-off walls (some examples shown in Figure 2). Horizontal
subsurface drainage is the most widely used method for high groundwater level mitigation, as it
can be retrofitted in existing urban areas. Subsurface drainage systems with infiltration capacities
have been used to maintain a relatively flat groundwater table in some areas. The creation of
open water bodies or canals with water levels managed through pumping can be an effective
measure to control groundwater levels and provide added benefits in terms of stormwater
management and amenity values.

Horizontal subsurface drainage

Ground improvement and raising the land

Seepage drain or canal
Figure 2: Examples of protection options

A good understanding of local conditions (hydrology, hydrogeology and geology) and effective
engagement of residents has been found to be critical in successful implementation and
operation of technical measures. Successful case studies also have one or more key
governmental authorities taking the initiative to drive the development of the mitigation approach.
References
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A NASH-SUTCLIFFE INDEX FOR HYBRID FORECASTING MODELS
Varvara Vetrova,1 Earl Bardsley,2
1
School of Mathematics and Statistics, University of Canterbury
2
School of Science, University of Waikato
Introduction
This work is concerned with a validation methodology for hybrid models used for hydrological
time series forecasting. The term “hybrid model” is defined to mean (i) preprocessing of the time
series into a set of component time series by some methodology such as the discrete wavelet
transform, empirical mode decomposition, or singular spectrum analysis, followed by (ii) making
the forecast by using those component time series, rather using the original data.
Such forecasting models utilize some degree of structure which may be present in a time series
to be forecast, supposedly enabling a degree of self-forecasting by the time series in the absence
of external information. Alternatively, the forecast might be with respect to some associated
causal variable, which in turn is utilized to create the forecast of the variable of interest. For
example, rainfall might be first forecast to aid a discharge forecasts.
We propose a Nash-Sutcliffe index for validation checking of forecasts from hybrid models of this
type. The index has the important attribute of avoiding the problem of false forecasting accuracy
which can sometimes arise with hybrid models. The index is a simple variant of a familiar
expression which will have value in determining whether a given hybrid model actually gives any
improvement for operational forecasting.

Proposed Nash-Sutcliffe index
The Nash-Sutcliffe efficiency can be written as the general expression:

∑ (O − P )
∑ (O − B )

2

NSE = 1 −

i

i

i

i

2

where Oi, Pi and Bi are respectively observed data, model-predicted values, and benchmark
values. In the context of measuring model prediction of validation data, a NSE of 1.0 denotes
perfect prediction and a NSE < 0 means the benchmark values give better prediction of the
validation data than the model.
In typical NSE usage, the benchmark is a constant, usually the mean of all the recorded data.
However, for hybrid model forecast validations the obvious Bi values are the sequence of
forecasts as obtained from the original model, defined as the forecasting procedure utilizing the
component time series but now applied to the original time series data instead. A hybrid model
can therefore be said to have failed as a forecasting mechanism if it fares no better in validation
than the corresponding forecasting model which does not incorporate data preprocessing.

Example
As an illustrative example of the use of the index, we consider a recorded data set of 11631
values of mean daily discharge of the Tarawera River, New Zealand (Fig. 1, a). Using the river
time series alone, the aim is to obtain forecasts of the discharge three days ahead. This river has
a high baseflow and flood events are irregular in timing. There appears to be a greater number of
large events in the second half of the time series. Any ability to forecast future high flows from
present discharge is therefore unlikely to be improved by incorporating wavelets into the
prediction model.
A naïve linear regression prediction model was set up as the benchmark model: Qt+3 = aQt + b
where Qt+3 is the estimated value of the discharge three days ahead and a and b are constants as
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determined by fitting to calibration data. In terms of hypothetical operational forecasting, the
model use was defined as serving the purpose of making a single forecast in any one instance.
That is, any one application of the model produces a single forecast of what the river discharge
will be three days ahead from the current time.
As would be expected, this simple model gives good estimates of the discharge three days
ahead, but only for base flow conditions where there is minimal change in discharge from one day
to the next (Fig. 1,b). The model is of course a particularly poor forecaster of coming high flows
when current discharges are high and rapidly changing.
We then applied a hybrid wavelet forecasting model with linear regressions now utilizing the
current values of six independent variables. These independent variables are wavelet
decompositions of the discharge time series into 5 component time series.
An incorrect application of a NSE index would lead to a falsely high NSE value of 0.54, which
might be taken as indicative of the hybrid wavelet model displaying an improvement in forecasting
capability beyond the naïve forecaster (Fig. 1,c).
However, the forecasting ability of the hybrid model is overstated in this case because having
prior wavelet decomposition of the entire data set means the calibrations gain information about
the validation data sets, thus violating the entire validation concept. In contrast, a much lower
NSE of -0.27 result holds for the correct calibration specification of the hybrid model in our NSE
expression. (Fig 1, d) Therefore, the hybrid wavelet model in this case forecasts at best offer no
improvement over the naïve forecast and might even be worse, as would be expected when
seeking to forecast any irregular time series in the absence of other information.
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Figure 1. a) Time series of Tarawera River discharge at Awakaponga, New Zealand;
b) Tarawera River discharge three days ahead, as forecast by the naïve model;
c) as forecast by the incorrect wavelet-hybrid model; d) as forecast by the correct wavelet-hybrid model.

228

USE OF RAIN RADAR DATA IN HYDROLOGICAL MODEL CALIBRATION, BAY OF
PLENTY CATCHMENTS
Philip Wallace1
1
DHI Water & Environment Limited
The availability of rain radar data has the potential to refine hydrological model calibration, giving
more confidence in model results. Rain radar data, supplied by MetService to the Bay of Plenty
Regional Council (BOPRC), have been used in recent modelling exercises in the Bay of Plenty.
Examples are presented.

Wairoa River application
For a hydraulic modelling study of the Wairoa River, carried out for Tauranga City Council (TCC),
the catchment was broken up into several subcatchments. Hydrological calibration used rain
gauge data applied over the subcatchments, with the aim of reproducing measured flows at the
upstream end of the hydraulic model (near Ruahihi Power Station). Rain radar data for the
largest event (29 January 2011) were used to check that there were no obvious spatial variations
in rainfall that were not picked up by rain gauge data. Rain gauge event rainfall totals over the
subcatchments (estimated with the aid of Thiessen polygons) were compared to rain radar
estimates. Results showed that there was an area of in the south of the catchment that was
missed by radar, and that the rain radar tended to give lower rainfall totals than the gauges in the
mid reaches of the catchment, but otherwise there were no clear differences (Figure 1).

Kopurererua Stream application
In a second study also carried out for TCC, of the adjacent Kopurererua catchment, the same rain
radar data were used to help produce subcatchment rainfall hyteographs. The average rainfall
depth for the storm in each of the subcatchments was derived from the rain radar data. A
correction to the average rainfall depth in each was then applied, based on the ratio of the gauge
depth to rain radar depth at the location of relevant recorders. Typically the rain radar data gave
higher totals than the rain gauge data, as can be seen in the example shown by
Figure 2.

Conclusions
Rain radar data, when used with rain gauge data, can add value to hydrological model calibration.
Nonetheless, some issues have been identified:
• Conscious effort is required to ensure that rain radar data for storms of interest are saved
and available for subsequent analysis
• One hour time resolution can miss short duration rainfall bursts and a finer temporal
resolution may be needed for small catchments
• Rain gauge reliability and accuracy is an important consideration
• Gaps in rain radar data (spatial and temporal) are sometimes present and work can be
needed to fill those.
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Figure 1 Ratio of rain gauge event totals to rain radar event totals, 29 January 2011 storm, Wairoa
catchment
40

hourly rainfall total (mm)

35
30

Rain Gauge

Rain Radar

25
20
15
10
5

0
28-01-11 6:00

28-01-11 12:00

28-01-11 18:00

29-01-11 0:00

29-01-11 6:00

29-01-11 12:00

Figure 2 Hourly rain gauge and rain radar rainfall totals at Tautau recorder, Kopurererua Stream catchment,
29 January 2011 storm
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SURVIVAL OF AN OUTBREAK STRAIN AND TYPE STRAIN OF CAMPYLOBACTER
IN OXIC AND ANOXIC GROUNDWATER
Weaver L,1 McGill E,1 Mackenzie M,1 Webber J,1 Abraham, P1, Close M,1 Gilpin B1
1
Institute of Environmental Science and Research Ltd (ESR)
Aims

Following the recent Campylobacter outbreak in Havelock North it was recognised that there was
a lack of data on the survival of Campylobacter in groundwater. In particular, there is a lack of
information on the survival of Campylobacter in different groundwater in terms of oxygen status.
To close this knowledge gap we designed an experiment to measure the survival of an outbreak
strain of Campylobacter and the type strain in an oxic and an anoxic groundwater.

Method
A laboratory scale system was set up to investigate the survival of an outbreak strain (HN16) and
type strain of Campylobacter in both an oxic and anoxic groundwater. The two groundwater
types were held at 12°C (average temperature of local groundwater (Daughney and Reeves,
2002)) and the dissolved oxygen was maintained in both systems throughout the experiment.
Samples were taken at specific time intervals over the period and analysed for Campylobacter
using selective media.

Results

The results show that Campylobacter can survive in groundwater for over two weeks (Figure 1).
Differences were observed in the rate of die off between the two strains of Campylobacter
studied. The outbreak strain of Campylobacter showed higher survival rate compared with the
type strain of Campylobacter in anoxic groundwater. Initially (first 7 days), the two strains of
Campylobacter died off at different rates, and were not affected by the different types of
groundwater (Figure 2). The type strain showed die off after 7 days, with a log drop in
concentration present, irrespective of groundwater type. In comparison, the outbreak strain
showed very little die off (Figure 2). After 7 days, the type of groundwater appeared to have an
effect on the survival of both strains of Campylobacter (Figure 3). The outbreak strain continued
to survive well in anoxic groundwater and showed less than a log drop in concentration present
after 17 days. The type strain also showed less die off in anoxic groundwater over days 7 to 17.
It is interesting to note that there appeared to be a plateauing of the die off occurring in both
strains of Campylobacter occurring in oxic groundwater. Looking at the overall survival rates for
Campylobacter higher survival occurred in anoxic groundwater for both strains (Figure 1).
Campylobacter is a microaerophillic microorganism which grows optimally in low oxygen levels.
The low oxygen concentration (maintained at less than 2 mg/L) could play a role in the survival of
Campylobacter in groundwater.
Comparative die off rates will be presented in anoxic and oxic groundwater for both strains.
Implications for public health will be discussed.
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Figure 16 Campylobacter outbreak strain (HN16) and type strain survival in anoxic and oxic groundwater.

Figure 17 Initial survival of outbreak strain (HN16) and type strain of Campylobacter in groundwater. Figure
shows days 0 to 7.

Figure 18 Survival of outbreak strain (HN16) and type strain of Campylobacter in groundwater. Figure
shows days 7 to 17.
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ENHANCING OUR KNOWLEDGE OF GROUNDWATER ECOSYSTEMS
Weaver, L,1 Webber, J,1 Abraham, P,1 Bolton, A,1 Draper, J,1 Humphries, B,1 McGill, E,1
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Aims
We tend to focus on the “bad bugs” in groundwater but there is a whole ecosystem that protects
our drinking water. Processes occur underground, out of sight and mind that, amongst other
things, remove contaminants, inactivate pathogens and recycle nutrients. Our research is aimed
at gaining a better understanding of these vital ecosystems and how they respond to
contaminants in order to develop a method of assessing groundwater health. The novel toolbox
we are developing will assess the presence or absence of keystone species (micro and macro) to
give a better picture of the health of the groundwater ecosystem and how it is able to protect the
water we drink. We are using cutting edge technologies to develop the toolbox due to the
inherent difficulties of sampling below the ground. Once we understand the changes that take
place in these ecosystems, we can develop monitoring tools to identify the key changes that are
occurring. Using this we can predict how capable our groundwater ecosystem is to remove
contaminants, pathogens and nutrients.
We will present our findings so far, identifying key microbial groups present in groundwater of
differing chemistries and changes occurring both spatially and temporally. This is the first step
towards a groundwater health index similar to the MCI for surface waters.

Method

Sampling locations in Canterbury and, more recently, Southland have been established. At each
of these sites two wells in close proximity were used for the research. Due to the difficulties in
sampling microbial and macro-invertebrate communities in groundwater we developed an in situ
bag system (Williamson et al., 2012) that enabled establishment of microbial biofilms to develop
over time. This approach also enabled sampling of the macro-invertebrates present. Water
chemistry was measured at least quarterly at each site and sampling of microbial and macroinvertebrate communities, biomass and activity were undertaken during winter and summer.
Samples of groundwater and biofilm bags were prepared for analyses for biomass (dry weight
calculation, protein concentration and heterotrophic plate counts), enzyme activity and
abundance of microbial species present. Samples of groundwater were sent to Hill Laboratories
for water chemistry parameters.
Macro-invertebrates were identified taxonomically and
subsequently sequenced for molecular identity.

Results

Overall, the water chemistry within each of the sites was relatively stable for carbon and
phosphorous. There were fluctuating levels of nitrate at each of the sites that had an impact on
the C:N:P ratios. In general, increase in water levels raised the carbon and nitrate levels at all the
sites. At each site, mean nitrate values are comparable between wells, with the exception of one
Canterbury site (Burnham). There is evidence at the Burnham site that one well is more
influenced by the local shallow groundwater flow than the other and is more impacted by the
nearby oxidation pond. Sequence data returned gave 10,000 to 100,000 reads per sample. A
high diversity was seen in all samples tested, at all sites and sample types (groundwater and
biofilm). Replicate samples sequenced within each well grouped together indicating replicate
samples were comparable. Groundwater replicate samples taken from each well grouped closer
to each other and were closer linked than the biofilm samples. The majority of sequences
returned were Proteobacteria; in groundwater 50-70% and in biofilms (in situ bags) 25-50%
(Figure 1). Within well replicates, comparable sequences were returned. At each site,
comparable sequences were also returned from each well. A high percentage of beta (β)
proteobacteria was seen in groundwater and biofilm samples at the Crossbank site were
observed (Figure 1). Organisms responsible for iron (Fe) III reduction occur within the β
proteobacteria group. The Crossbank site has iron lined wells rather than the PVC lined wells at
the other sites which, could be an explanation for this result. Between each of the sites, in
groundwater, or biofilm, there are differences seen in the ratio of species abundance. We are
now relating these differences to the water chemistry.
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Figure 19 Class of bacteria present in samples of groundwater and biofilm at each Canterbury site. Chart
shows the relative abundance of class of bacteria present.

We will present results of the abundance and activity of microbial and macro-invertebrate
communities present at each site. The results will be related to the water chemistry present. The
groundwater ecosystem includes higher organisms than microbes and to fully understand the
ability of a groundwater ecosystem to remove contaminants and thus protect our drinking water
macro-invertebrates need to be included. The results presented demonstrate the variation in
microbial diversity present in groundwater systems with varying water chemistries. This gives an
indication of the potential for using the presence or absence of sentinel organisms as an
indication of the health of a groundwater system.
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ITERATIVE ENSEMBLE SMOOTHERS FOR ENVIRONMENTAL MODEL HISTORY
MATCHING AND UNCERTAINTY QUANTIFICATION
Jeremy T White,1
1
GNS
Aims
Many environmental modeling analyses use some form of automated parameter estimation,
where the Marquardt-Levenburg algorithm (MLA) has been shown to work well on a wide range
of problems. However, implementation of the non-linear MLA requires repeated calculation of a
Jacobian (sensitivity) matrix. Typically, the Jacobian matrix is filled by a computationallyexpensive perturbation-based derivative calculation process, where the model is run once for
each adjustable parameter. Recently, ensemble-based approximations to the Jacobian have
been proposed, where sensitivities are approximated by the ensemble spread about the mean for
observations and parameters, requiring only one model for each ensemble member. The MLA
algorithm can be reformulated by replacing the perturbation-based Jacobian with an ensemblebased Jacobian, yielding an iterative Ensemble Smoother (iES), which is closely related to the
widely-used Ensemble Kalman filter. The iES formulation frees practitioners from computational
constraints of filling the Jacobian matrix by repetitive parameter perturbation processes. The iES
formulation instead allows for direct use of node-scale parameterizations, such as those based on
geostatistically-generated fields, where adjustable parameters can number in the millions.
Furthermore, non-linear parameter uncertainty quantification is an outcome of the iES because
the result of the process is an ensemble of parameter sets that reproduce the observation data
acceptably well.
A prototype ensemble smoother has been implemented in the pyEMU module and a full-scale,
performant implementation in the PEST++ framework is under development. Some initial results
will be presented to demonstrate the concepts and workflow of applying the ensemble smoother
to environmental models.
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THE USE OF A GEOMORPHIC MODEL TO DESCRIBE THE DEVELOPMENT OF
KEY GEOLOGICAL UNITS FOR GROUNDWATER FLOW IN THE WAIRAU PLAIN,
MARLBOROUGH, NEW ZEALAND
White, P.A.,1 Davidson, P.,2 Tschritter, C.1
1
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2
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Aims
Geomorphic models represent geological and morphological structures in a basin. These models
can describe the key features of a basin relevant to groundwater systems and the development of
these features over geological timescales. In addition, the models can augment typical threedimensional (3D) analysis of sediments to assist in the understanding of groundwater flow.
This paper develops a geomorphic model of the Wairau Plain, Marlborough, including geological
units in the Late Pleistocene and Holocene periods. The model describes the formation of these
units including their geographic distribution over time and maps pre-historic locations of rivers and
streams and associated deposits. Lastly, the paper discusses the implications of the model on the
understanding of the present-day distribution of aquifers and aquicludes in the Wairau Plain and
the general relevance of these types of models to other aquifer systems in New Zealand.

Method
A geomorphic model was derived for the Wairau Plain for the period 20,000 years before present
(B.P.) to the present day in time steps of 1,000 years. This model used relevant published
information (e.g., White et al., 2016) to identify the drivers of sedimentation including:
• sea level, which rose significantly between 20,000 years B.P. and 8.000 years B.P.;
• channels of rivers and streams, that have moved in response to sea level rise and
estuary formation and associated gravel sediments that host aquifers;
• the development of the Boulder Bank which played a significant role in the creation of the
estuary;
• estuary formation which coincided with the deposition of relatively large thicknesses of
sands and silts that are aquicludes.
Firstly, this model was represented as two-dimensional surfaces that change through time. Then,
3D datasets were used to assign the property of depositional age to Late Peistocene and
Holocene sediments in the Wairau Plain (e.g., White et al., 2016). These datasets demonstrate
how the geomorphic model provides new insights into the understanding of geohydrology in the
Wairau Plain.

Results
The history of the development of key units for groundwater flow in the Wairau Plain was
described in three key periods: 1) Between 20,000 years B.P. and 8,000 years B.P., sea level
rose from approximately 120 m below current sea level to approximately current sea level and
Holocene gravels were deposited below the current land area; 2) The period 8,000 years B.P. to
5,000 years B.P., saw the development of the gravel riser, which was formed from coarse beachdeposited gravels in the area between approximately Blenheim and Spring Creek. Early in this
period the Boulder Bank (also formed from coarse beach-deposited gravels) began to develop in
southern Cloudy Bay and the estuary began to fill with sediment behind the Boulder Bank. The
Opawa River deposited a delta in the estuary and then the river channel moved southwards to
approximately its current position. This period also saw the development of spring-fed streams at
Spring Creek the Blenheim area. By the end of this period, Cloudy Bay was probably fully
crossed by the Boulder Bank; and 3) The period 5,000 years B.P. to the current day where infilling of the estuary continued, the Wairau River channel shifted to its present position behind the
Boulder Bank and Rarangi gravels (another coarse beach-deposited gravel) were deposited in
northern Cloudy Bay at a rate of approximately 1 km per 1,000 years.
Mapped in 3D, these geomorphic features provide evidence for the development of aquifers and
aquicludes in the Lower Wairau Plain. For example, the gravel riser generally marks the western
boundary of Holocene gravels deposited by the Wairau River. The location of the Boulder Bank
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was a significant control on the progressive infilling of the estuary with sands and silts and on the
location of gravel deposits associated with Wairau and Opawa rivers.
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RAPID SCREENING MODEL - UPPER HEATHCOTE RIVER STORAGE OPTIONS –
LDRP88
Greg Whyte,1, Dr. David Cobby 2, Peter Christensen 3
1
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2
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3
Christchurch City Council
Jacobs/DHI team were awarded a project by Christchurch City Council to investigate storage
options in the upstream catchment of the Heathcote, which has a history of flooding within the
city. The team’s knowledge of this complex catchment suggested that a significant number of
potential arrangements of storage basins would be likely, in addition to the range of storm events
under which to test their performance. Council accepted the proposal and the justification that
additional time invested upfront in updating the existing MIKE11 1-Dimesional (1D) model would
be more than saved with lower run time costs and rapid turn-around of results.
The existing MIKE11 model was updated to provide the same catchment representation as the
current MIKE FLOOD 1-Dimensional/2-Dimesional (1D/2D model. The performance of the Rapid
Screening Model was verified against the MIKE FLOOD model prior to its use, and demonstrated
an excellent comparison within the key study areas of the mid Heathcote. A substantial (up to
200) number of model runs was undertaken, each of which took just 10-15 minutes to run
following set up. Following selection of a preferred storage combination, this arrangement was
again verified through comparison with the same arrangement in the MIKE FLOOD model and,
again, there was a generally excellent comparison.
This paper details the methodology and results obtained by using a combination Rapid Screening
MIKE11/MIKE FLOOD Model approach for this investigation. The paper also demonstrates how
1D model results were used to rapidly predict the number of floor levels at risk in each model
scenario, through use of ‘impact curves’ derived for areas adjacent to the river. This provides an
alternative to full GIS analysis of intersecting floor levels with 2D flood extents.

Aims
The aim of this aspect of the investigation was to produce a MIKE 11 (1D) model that would run
in around 10-15 minutes that produced similar results to the full MIKE FLOOD (1D/2D) model. By
using this model rather than the full model run times and the per run model cost was substantially
reduced, which allowed a more through optioneering phase to be carried out at a reasonable
cost.

Method
The Heathcote River MIKE 11 model, formally run by NIWA, was the predecessor to the current
MIKE FLOOD Model run by DHI. The former MIKE 11 model was updated to match the current
MIKE FLOOD model as closely as possible with the most significant updates being new
stormwater infrastructure such as basins and the floodplain representation.

Results
A comparison of the results from the MIKE 11 Rapid Screening Model and the current MIKE
FLOOD model was undertaken at a number of locations (see Figure 1 and Figure 2). In general
there is a very good correlation between the two models, with timing of the peak water level
coincidental and maximum water level differences within 50 millimetres. Final options developed
in the MIKE 11 screening model were tested in the full MIKE FLOOD model.

238

Figure 1 : Heathcote/Cashmere confluence rapid MIKE 11 model verification

Figure 2 : Wigram Wetponds rapid MIKE 11 model verification
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ON THE HUNT FOR SPRINGS OF THE HERETAUNGA PLAINS
Thomas Wilding,1
1
Hawke’s Bay Regional Council
Aims
To locate major spring inputs to streams of the Heretaunga Plains, including their location, extent,
and magnitude. Also to characterise major losses of stream flow to groundwater.

Methods
This investigation included a physical search for springs on the Heretaunga Plains, to help inform
flow-ecology investigations and groundwater modelling. The focus was on spring-dominated
streams, with less effort locating springs feeding runoff-dominated streams. Within the springdominated streams, more effort was put into finding springs that may be sourced from outside
streams’ surface water catchment boundaries (e.g. Raupare springs sourced from Ngaruroro flow
losses). Flow losses from rivers and streams were also investigated.
The location of springs was investigated using a range of methods, starting with aerial
photographs to narrow down the areas of interest. Spring locations and property access were
then discussed with landowners, before walking or kayaking the length of targeted streams.
Measuring electrical conductance often revealed spring inputs that were sourced from larger
catchments with less dissolved ions (e.g. Ngaruroro water). More quantitative surveys included
flow gauging and longitudinal surveys of electrical conductance. Heavy water isotopes provided
further insight into the source of spring water. Loss of flow to groundwater was estimated from the
difference in gauged flow between sites.

Results
The rivers and aquifers of the Heretaunga Plains interact to create a valuable resource for people
and ecosystems. Flow losses from the large braided rivers, especially the Ngaruroro River, are a
major source of recharge to the Heretaunga Aquifer. This groundwater is used for irrigation,
industry and drinking water. It also sustains the ecosystems of spring-dominated streams on the
Heretaunga Plains.
The investigation identified 64 springs throughout the Heretaunga Plains. Flow losses from the
Ngaruroro continue through dry summers when the aquifer receives little recharge from local
rainfall. During these times, flow losses from the Ngaruroro are vital for sustaining spring flow to
the Raupare, Tutaekuri-Waimate, Waitio and Irongate streams. Likewise, flow losses from the
Tutaekuri River likely sustain springs in Moteo Valley (Tutaekuri-Waimate headwaters).
Evidence gathered to date indicates the Tukituki was the main source of spring inflows direct to
the Karamu River, plus the Mangateretere Stream. The Ngaruroro River contributed a smaller
proportion of flow at the time of sampling heavy water isotopes. Repeated isotope sampling is
recommended to determine whether contributions from the Ngaruroro increase at other times.
Also revealed by these investigations was a tufa coating (calcite sourced from limestone) across
the bed of the Paritua Stream, which likely reduces the rate of flow loss to groundwater, and
extends the length of flowing stream. An extensive area of shallow Taupo pumice sands may be
an important source of groundwater for some streams (e.g. Karewarewa, Louisa, Awanui).
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DEVELOPMENT OF VADOSE ZONE FUNCTIONALITY FOR REGIONAL SCALE
CATCHMENT MODELLING IN EWATER SOURCE
Williamson, J.L.,1
1
Williamson Water Advisory Limited
Aims

The travel time through the vadose zone 3 can be an important component governing the
attenuation and arrival timing of sub-soil drainage or recharge to the groundwater system, and the
primary contributor to baseflow characteristics in streams. It follows that vertical flow through the
vadose zone along with horizontal flow within aquifers, are the key components of the overall lag
time between land use changes and associated surface water quality impacts. These highly
complex technical matters have come into focus in recent times in New Zealand as Regional
Councils work toward setting water quantity and quality limits.
This paper presents a methodology for simulation of unsaturated flow into groundwater from
within the vadose zone using a plugin within the eWater SOURCE modelling platform, which
enables the hydrological simulation of catchment flows and constituents. Utilisation of the
SOURCE platform has a key benefit of being able to distribute the analysis of vadose zone
functionality (and other model components) to any scale considered appropriate for the project at
hand, via discretisation of the SOURCE catchment. The vadose functionality is independently
simulated for each SOURCE sub-catchment and this feature enables the user to gain an
understanding of the magnitude and timing of groundwater recharge associated with variability in
depths to groundwater and vertical hydraulic conductivity within the various sub-catchments.
To give some context on the level of discretisation and hence spatial scale of the vadose zone
functionality calculations undertaken for catchment scale models in New Zealand, stream orders
2-4 from the 2010 River Environment Classification (REC) database are typically used to define
the SOURCE catchment boundaries. Within the Kaituna and Rangitaiki catchment models
developed for the Bay of Plenty Regional Council, 120 and 100 SOURCE catchments ranging in
size from 1 km2 to 100 km2, were used respectively.

Method
The vadose zone (VZ) functionality is a recently developed component of the Soil Moisture Water
Balance Model (SMWBM), which has been under continual development by the author since
1998 and utilised in many hydrology and hydrogeological studies throughout New Zealand, both
in the standalone and SOURCE plugin versions. The SMWBM was described in a paper at this
conference in 2016 4 and further information can be provided by contacting the author.
The VZ processes operate on a daily basis following calculation of near surface evaporative and
soil process, which are performed on an hourly basis during rain days. Data series inputs to the
VZ processes are the simulated soil moisture consent (SMC) and subsoil drainage (PERC).
PERC is transformed into groundwater recharge or discharge from the VZ using sub-catchment
average values for the parameters described in Table 1 and the procedure described below.
Table 1. Vadose zone code input parameters.
Parameter
Kz (m/s)
VGn
ns
nvz
D (m)

3

Description
vertical hydraulic conductivity at full saturation
van Gunuchten constant for soil type
soil zone porosity
vadose zone porosity
thickness of vadose zone (depth to water table)

The unsaturated soil profile above a regional groundwater table.

4

Williamson J.L. and Diack E.E. (2016). Parameterisation And Simulation Of The SMWBM Within The
Source Catchment Model. Proceedings of the New Zealand Hydrological Society Annual Conference 2016.
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The VZ functionality is involves the following three key steps:
1. Unsaturated hydraulic conductivity - The van Genuchten (1980) 5 equation is used to
estimate the unsaturated vertical hydraulic conductivity (KzUNSAT) in the VZ. In this model,
KzUNSAT is governed by the saturated hydraulic conductivity (Kz), which is an upper limit, and
the degree of saturation in the soil zone (SMC), which is used as a proxy for generalising the
degree of wetness within the VZ. A limit is placed on the minimum SMC, recognising that the
degree of saturation in the VZ is not as volatile or as strongly subjected to climatic influences
as in the soil zone. Various cutoff limits of SMC have been trialled and a value of 0.75.SMC
is currently considered appropriate, although further research may suggest different values
may be valid.
2. Vertical flux rate - The simplified Richard’s equation is used to estimate the vertical flux rate
(Vz) of water, which is assumed to be driven by gravitational force (only) and therefore
governed by the unsaturated hydraulic conductivity (KzUNSAT) and porosity (nvz)of the VZ
materials. From Vz, vertical travel time in days (Tz) is calculated according to the catchment
average depth to groundwater (D) and the code tracks the cumulative rolling average travel
time, which is used in the temporal transposition of PERC.
3. Temporal transposition - The Muskingum equation 6 is used to translate the vertical flux (Vz)
into an attenuated discharge according to the calculated vertical travel time (Tz).

Results
Figure 1 demonstrates the functionality of the model with differing primary parameters, by
comparing the input (PERC) and model outputs. In A) VZ discharge is compared with varying
saturated vertical hydraulic conductivity (Kz) values, and in B) VZ discharge is compared with
varying depth to groundwater (D).
A)

B)

Figure 1. Graph comparing inputs and outputs from vadose zone model for A) differing vertical
hydraulic conductivity (Kz), and B) depth to groundwater (D).

Conclusion

It is evident the VZ functionality code can have a significant effect on attenuating the sub-soil
drainage signal with differing hydraulic conductivity and depths to groundwater. It is early days in
the implementation of the code, but already results from current studies are showing marked
improvements in flow and nitrate leaching for groundwater and baseflow simulations.

5 van Genuchten, M.Th. (1980). A closed-form equation for predicting the hydraulic conductivity of
unsaturated soils.

6

A commonly used hydrologic routing method for situations involving a variable storage-discharge
relationship.
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PREDICTING GROUNDWATER SOURCE CONTRIBUTIONS TO STREAM FLOW
USING END-MEMBER MIXING ANALYSIS
Scott Wilson1
1
Lincoln Agritech Ltd
Aims
The aim of our MBIE-funded Transfer Pathways programme is to determine the sub-surface
pathways which nutrients take to get from their land-based source to the receiving stream
environment. One of the methods tested in this programme is end-member mixing analysis
(EMMA), which uses principal components analysis (PCA) to estimate the proportional
contribution of end members to stream samples. Determining source contributions to flow is
valuable because it enables groundwater flow pathways to be better constrained within spatially
distributed models, and increases our ability to relate land-use to stream impacts. The PCA
approach has been applied to two contrasting baseflow-dominated catchments, the Pokaiwhenua
Stream (43,175 ha) in the upper Waikato, and Spring Creek (~1,350 ha), on the Wairau Plain.

Method
PCA is a means to simplify a complex dataset through multiple regression, determining solute
trends which account for variance in the sample dataset. The solute trends are expressed as
eigenvectors with associated solute and sample eigenvalues for each principal component
identified. The approached used here to undertake EMMA is outlined by Christophersen and
Hooper (1992), and additional diagnostic tools are described by Hooper (2003).
All solute data were log-transformed in order to derive distributions which are approximately
normal. The stream samples were then standardised by subtracting the mean and dividing by the
standard deviation for each solute. Only conservative solutes have been considered for inclusion
in the analysis (i.e. no nutrients or metals).
End members for different groundwater sources are identified via a separate PCA using the same
solutes used for stream analysis. This approach enables the identification of end-members by
their distinct clustering in principal component sub-space. These end-members are projected onto
the stream PCA subspace so that their spatial distribution encapsulates the stream samples. The
proportional contribution of the end-members to each sample can then be determined by its
relative position in sub-space on the stream PCA plot.

Results
The Pokaiwhenua results indicate that the two main ignimbrite units in the catchment have
distinctly different groundwater chemistries, the younger Whakamaru ignimbrite being more
evolved than the underling, highly transmissive, Waiotapu ignimbrite. This difference in
composition can be attributed to the Waiotapu unit being dominated by fracture-flow whereas the
Whakamaru is dominated by pore-fluid flow, and therefore, more water-rock interaction. A third
ignimbrite, the Mamaku, accounts for some additional solute variance, but is relatively similar to
the Waiotapu I composition.
Approximately 40% of the flow to the stream at the catchment monitoring site is predicted to be
sourced from the Whakamaru ignimbrite, which is the most widespread unit exposed at the
surface. The remaining 60% of water is sourced from the Waiotapu and Mamaku ignimbrites, and
is largely sourced from land surface recharge in the Mamaku plateau.
The proportional contribution changes towards the catchment headwaters, with 90% of the water
at the Whakauru catchment being sourced from the Waiotapu and Mamaku ignimbrites. The
implication is that the headwater streams are more vulnerable to leaching resulting from dairy
conversions on the Mamaku plateau, since the headwaters receive considerably less low-nitrate
groundwater sourced from the Whakamaru ignimbrite. The PCA indicates that stream chemistry
is already responding to these dairy conversions, which is confirmed by recently elevated nitrate
concentrations is both Pokaiwhenua and Whakauru streams.
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The Spring Creek catchment PCA results enable three end-members to be identified: riverrecharged shallow groundwater, shallow groundwater showing some land surface recharge
influence, and slightly more evolved groundwater from the deeper confined Wairau Aquifer
(Rapaura Formation lower member).
The Wairau-Spring Creek system is highly dynamic. The EMMA results reflect this, with the
proportional contribution from different sources predicted to changes throughout the year, and
also from year to year. A valuable aspect of the EMMA approach its ability to predict the volume
of spring flow which is sourced from leakage through the confined aquifer for each stream
sample. The EMMA results predict that the contribution from the confined aquifer increases with
flow, but becomes limited to about 50% by the aquitard and bed conductances at flows above the
median (Figure 1). This information is invaluable for constraining parameters in our MODFLOW
model of the groundwater system.

Figure 1 Predicted Lower Member contribution to Spring Creek flow

Another important result is the influence that rainfall-influenced water has on the contribution to
flow. During wetter years, the contribution from this component can be quite high (~60%), but its
contribution can be negligible during drier periods. This indicates that during drier periods, spring
flow is more dependent on active river recharge since there is less long-term groundwater
storage available during these periods to sustain spring discharge.
References
Christopherson, N., Hooper, R.P., 1992. Multivariate analysis of stream water chemical data: the use of
principal components analysis for the end-member mixing problem. Water Resources Research 28: 99–107.
Hooper R., 2003. Diagnostic tools for mixing models of stream water chemistry. Water Resources
Research 39:1055.
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WHAT DRIVES THE STORAGE DYNAMICS OF THE UPPER WAIRAU PLAIN
AQUIFER?
Thomas Wöhling1,2, Moritz Gosses1, Scott Wilson2, Peter Davidson3
1
Dresden University of Technology, Chair of Hydrology, Germany
2
Lincoln Agritech Ltd, Christchurch & Hamilton, New Zealand
3
Marlborough District Council, Blenheim, New Zealand
The Upper Wairau Plain Aquifer covers a small proportion of the Wairau catchment in the
Marlborough District of New Zealand just prior to the river discharging into the sea. The aquifer is
almost exclusively recharged by surface water from the Wairau River and serves as the major
resource for drinking water and irrigation in the region. The Rapaura formation of the aquifer
consists of highly transmissive gravels and the storage within these shallow gravels exhibits a
high inter-annual variability. A constantly declining trend in aquifer levels and spring flows has
been observed over the past decades, which means that aquifer storage has been declining
during this time period. This has triggered a range of investigations on the Wairau Plains but also
for the entire Wairau catchment.

Aims

As part of these efforts, the inter-annual variability of the transient storage of the Rapaura gravels
is investigated. Potential factors that determine the extent of annual depletion and refilling of
groundwater storage are analysed. These factors include natural processes like recharge from
the Wairau River and recharge from the land surface as well as processes that can be managed
such as groundwater abstraction and minimum river flows. Most of these quantities and
processes are highly dynamic and difficult to measure. Therefore, scenario simulations are
conducted to access the corresponding vulnerability of groundwater storage.

Method

To estimate the transient storage in the upper Rapaura gravels, we used a previously developed
MODFLOW model that was calibrated using stream flow data at four gauging stations,
groundwater head data, time series of spring flows and a range of “soft targets” derived from
expert knowledge. The land surface recharge and groundwater abstraction for irrigation was
simulated using a soil water balance model and climate data from the Marlborough Research
Centre Blenheim. The sensitivity of the climate inputs was tested by the development of a
distributed soil water balance model that utilises data from NIWAs virtual climate station network
complemented by station data from MetWatch that was provided by Plant & Food Research.
Daily water balances were calculated for the Upper Rapaura Aquifer. The maximum depletion of
the storage was determined for the hydrological years 2002 - 2015 and analysed for correlation to
land surface recharge, river recharge, groundwater abstraction, and Wairau River flow statistics.

Results

Our model simulations suggest annual variations in the storage of the Upper Rapaura Aquifer
between 6 and 15 M m³ (2002 – 2015). The volume of annual river recharge varies much less
and is estimated to be between 210 and 225 M m³ during the same period. The land surface
recharge is much smaller and highly uncertain. Annual sums are estimated to vary between 2 and
21 M m³ (25 – 248 mm/a) with a median of about 6 M m³ (70 mm/a). In an average year, the land
surface recharge and the change in storage are less than 4% and 5% of the annual river
recharge, respectively. The majority of the recharge is discharged by springs that emerge at the
interface between gravels and marine sediments near the coast. Groundwater flow through the
highly-conductive Rapaura gravels is fast. The modelled mean transit time is only 315 days for
Spring Creek (which is at 4 m³/s average flow the largest spring on the Wairau Plain). The large
transmissivity implies a high vulnerability of the aquifer storage to hydro-meteorological drivers.
Interestingly, results so far indicate that the aquifer storage (i.e. change in groundwater levels) is
closely related to groundwater recharge from the river particularly to the frequency of flood events
in summer and the duration of low flow periods. Land-surface recharge contributes to an increase
in storage, although the effect is comparatively small. There is a strong decline of river recharge
for river flows below approximately 20 m³/s (leading to decreasing storage and groundwater
levels), but there is also an upper physical limit to storage: Above average recharge from the river
and/or the land surface in wet years gets often compensated through increased spring discharge
rather
than
increased
storage.
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APPLICATION OF TOPNET-GW TO THE NORTH RUAMAHANGA CATCHMENT
Yang, J., 1 Zammit, C.L. 1 Griffiths, J.A.,1 . 1 Moore, C. 2
1
NIWA
2
GNS
Aims
Managing surface water and groundwater as one resource is of critical importance for the
sustainable development of freshwater resources in New Zealand. The MBIE contestable Smart
Model Aquifer Management project (SMAM) led by GNS Science aims to quantify the impact of
model simplification on NPS-FM decision making capability. Specifically it addresses the question
of “can models that aren’t optimized to make a specific type of prediction make predictions which
reliably inform model based decisions”. As part of the SMAM project, a conceptual groundwater
model is developed for Mangatere area (located within the northern area of the groundwater
management zone of the Ruamahanga catchment) and comparison of its capability with an
existing physically based groundwater model is carried out.

Method
First the conceptual groundwater model (TopNet-GW; Yang et al., 2017) was set up with basic
catchment information (DEM, landuse, soil, climate, aquifer, geology, groundwater flow direction,
etc) and losing and gaining river information based on interview with Great Wellington Regional
Council’s scientists and a statistical classification model (Yang and Griffiths, 2017). The surface
water parameters were calibrated for the Upstream Ruamahanga catchments that discharge to
the Ruamahanga groundwater management zone (GWZ). Calibration was carried out with
observed flow data from nine flow sites flowing to the GWZ. TopNet-GW groundwater parameters
were then calibrated for the GWZ area with data from observed flow sites and groundwater
observations. The model results were validated and then compared with the results from a
physically based groundwater model MODFLOW (developed by GNS as part of the Ruamahanga
Whaitua process), mainly in relation to the dynamic interaction between groundwater and rivers.

Results
TopNet-GW model calibration and validation demonstrated a close match between simulated and
observed flow at the observation sites. Comparison with MODFLOW results shows similar flow
dynamics in the surface water and groundwater interaction. This indicates that the conceptual
groundwater model TopNet-GW is promising for modelling of the interaction between surface
water and groundwater, and as such, could act as a surrogate for physically based models (e.g.
MODFLOW).

Figure/Table Title 9 pt. Arial

References 9 pt Arial; Harvard style
Yang, J., McMillan, H. and Zammit, C., 2017. Modeling surface water–groundwater interaction in New
Zealand: Model development and application. Hydrological Processes, 31(4), pp.925-934
Yang, J., Griffiths, J., Zammit, C., 2017. Classification of losing and gaining rivers in New Zealand. Prepared
for Core funded project FWWR1708
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IMPACT OF CLIMATE CHANGE ON NEW
RESOURCE

ZEALAND’S FROZEN WATER

A. Mackintosh1, N. Cullen2, B Anderson1, J Conway3, R Dadic1, H Horgan1, T Kerr4, Hr
Purdie5, P Sirguey2, C Zammit6
1
Victoria University of Wellington
2
University of Otago
3
Bodeker Scientific
4
Aqualinc Research Ltd
5
University of Canterbury
6
NIWA
Aims
Glaciers and seasonal snow are major reservoirs in the hydrological cycle, and make a significant
contribution to river flows in the North and South Islands of New Zealand. Mountain rivers feed
our largest hydro‐electric power schemes, and provide critical water for irrigation, especially
during drought. Melting snow and ice may also cause increased flooding risk. The aim of this
project is to make improved future projections of glacier and snow melt from New Zealand’s
alpine regions. New Zealand is projected to warm by 1‐4°C during the 21st Century. While
warming will lead to loss of frozen water resources, the magnitude, timing, and distribution of
changes in meltwater is unclear. A two years study was funded as part of the Deep South
National Challenge, Impact and Implication program, to model such impact.
The aim of this paper is to report the progress made during the year and future developments of
this project.

Method
During the project we will develop and apply a new computer modelling tools (enhanced Degree
Day Model- DDM) to simulate snow and ice responses to climate change scenarios. The new tool
will be coupled with daily climate change projections generated by Climate change Impact and
Implication MBIE contestable program at daily time scale over the period 1971-2100. This will
enable us to make projections of future snow and ice cover, and resultant runoff from alpine
catchments

Results
An enhanced DDM model was developed combining a degree day, a radiation factor and an
albedo factors. The updated model was tested against the Brewster dataset (University of Otago)
for the year 2011 (Figure 1)
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Figure 1: Observed and simulated snow melt at Brewster AWS for 2011 over day 130 to 365.

Our findings indicate that the snow accumulation and processes are represented correctly with
the enhanced DDM model. As a result, it is expected that the model developed and subsequent
analysis will allow New Zealanders to be better placed to adapt, manage and thrive in our
changing environment.
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UPDATE OF THE BENCHMARKING OF THE NATIONAL HYDROLOGICAL MODEL
FOR NEW ZEALAND
Zammit, C.1, Henderson, R.1, Lilburne L.2
1
NIWA
2
Landcare Research
Aims
Over allocation of water and water quality degradation are key issues in New Zealand. To
address these issues, the National Policy Statement for Freshwater Management requires
Regional Councils, in collaboration with iwi and communities, to set limits on water use and water
quality, and establish allocations to remain within these limits. For many parts of New Zealand,
flow and allocation limits have been established by field research including habitat investigations
and assessments of supply reliability. However, the adoption of the NPS-FM potentially requires
the application of limits in unmonitored catchments and at spatial scales not represented by
recording networks. Simulation models are a recognised way of interpolating and extending
understanding gained from data. As a result, a nationwide hydrological modelling framework
coupling both surface water and groundwater is urgently needed to assess NPS driven policy
options. These models, within the framework, are used to make predictions and develop
scenarios of the future by combining scarce measurement data, information about processes like
runoff and nutrient leaching, and detailed maps of streams, aquifers, soils and other catchment
properties.
Several challenges exist to fully develop this framework. Among those, one of the challenges for
modelling flows is the complex arrangement of land and receiving waters in NZ catchments and
the time and effort needed to build models for the many places that require limit-setting. Another
challenge deals with the validation of such models across spatial and temporal scales. The
National Hydrological Project (NHP) was set up by NIWA in December 2016 to answer those
challenges and needs, through the development of a single, highly adaptable system focussed on
determining the key environmental controls of water movement across the landscape at relevant
scales and on the ability of the model to be transferable, scalable and simplified based on data
availability.
A procedure was developed by McMillan et al (2016) to assess and validate national hydrological
models through a comprehensive and consistent suite of test procedures to quantify spatial and
temporal patterns in performance across various parts of the hydrograph and across hydrological
signature (referred as benchmarking hereafter). The aim of this paper is to report on the
application of such methodology in the benchmarking of several modification of the NHM carried
out during 2016-2017 tested in the Southland region.

Method
The National Hydrological Model (NHM), developed as part of the NHP, is a distributed
catchment scale model combining surface water and groundwater models to a model that
conceptualizes age of surface water and groundwater. This model can be applied and
parametrised at the national scale and currently produces time series of natural flows. The NHM’s
hydrological component result in the coupling of the national TopNet hydrological model
(uncalibrated surface and shallow groundwater) to GNS’s National Water Table model (based on
Equilibrium Water Table concepts).
The surface water component is based on TOPMODEL concepts of runoff generation controlled
by sub-surface water storage. It combines a full water balance model within each sub-catchment
with a kinematic wave channel routing algorithm (Beven et al., 1995, Goring, 1994). The NHM
model parameters are based on nationally available information such as catchment topography,
physical and hydrological properties derived from the River Environment Classification, soil, land
use and geology databases.
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The NHM was run for the Aparima and Mataura FMU in Southland over the period 1993-2014,
with combinations of three nationally available datasets: the original national hydrological model
dataset (McMillan et al, 2016) and updated geospatial information collected as part of the NHP.
• River network version: Digital River Network version 1 (DN1) and version 3 (DN3)
• Climate inputs: Operational VCSN (OpVCSN) and VCSN augmented by manual
precipitation from regional council (ManVCSN)
• Soils: Fundamental Soil Layer (FSL) or FSL merged with S-Map (SMap) with soil process
parametrisation using the same pedotransfer function

Results
Figure 1 presents preliminary results of the application of the benchmarking for two configurations
of the model for the Aparima at Thornbury for the surface water component of the NHM:
DN1_FSL_OpVCSN (blue line) and DN3_SMap_ManVCSN (red line). Preliminary analysis is
carried out based on observed (black line in Figure1) and simulated hydrograph and associated
flow duration curve during the winter period of record. Winter conditions are assumed to
represent times when water takes are minimal.

Figure 1: Observed and simulated flow duration curve estimated during winter over the period 19932014.

Preliminary analysis indicates that winter low flow conditions are better represented with the
updated inputs. This result (confirmed by analysis for all gauging stations in both Mataura and
Aparima FMU) indicates substantial improvement can be obtained in national hydrological model
predictions across a range of hydrological signatures. Further improvement is expected to be
achieved through coupling of the surface water component with the GNS national groundwater
model (especially during summer flow period) as well as improvements in S-Map derived
pedotransfer functions.
References
BEVEN, K. J., LAMB, R., QUINN, P., ROMANOWICZ, R. & FREER, J. 1995. TOPMODEL. In: SINGH, V. P.
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THE NATIONAL HYDROLOGICAL PROJECT FOR NEW ZEALAND
Zammit, C.,1 Westerhoff 2, R., Lilburne L3
1
NIWA
2
GNS Science
3
Landcare Research
Aims
Over-allocation of water and water quality degradation are key issues in New Zealand. To
address these issues, the National Policy Statement for Freshwater Management requires
Regional Councils, in collaboration with iwi and communities, to set limits on water use and water
quality, and establish allocations to stay within these limits.
Effective and efficient limit-setting and allocation require tools that can accurately predict the
transport of water and contaminants, such as nutrients or sediment, from their source areas to the
receiving water bodies where their effects occur. The scarcity of direct measurements of surface
and groundwater flows and contaminant concentrations across spatial and temporal scales
suitable for interpolation or extrapolation of process understanding, means simulation models are
urgently needed. These models are used to make predictions and develop scenarios of the future
by combining scarce measurement data, information about processes like runoff and nutrient
leaching, and detailed maps of streams, aquifers, soils and other catchment properties.
One of the challenges for modelling flows and contaminants is the complex arrangement of land
and receiving waters in NZ catchments. Another challenge is posed by the time and effort needed
to build models for the many places that require limit setting. The National Hydrological Project
(NHP) was set up by NIWA in December 2016 to answer those challenges and needs, through
the development of a single, highly adaptable system focused on determining the key
environmental controls of water movement across the landscape at relevant scales. Another
objective is to develop a model that is transferable, scalable and can be simplified based on data
availability. The NHP will provide essential information for the implementation of the NPS-FM, as
well as key knowledge for the success of the National Science Challenge programmes that aim to
relate pressure on New Zealand eco-systems to ecosystem responses (e.g. Our Land and Water
Challenge and Deep South Challenge).
The aim of this paper is to report the progress made during the year and future developments of
this project.

Method
The NHP aims to develop a catchment scale combined surface water and groundwater model
coupled to a model that conceptualizes age of surface water and groundwater, that can be
applied and parametrized at the national scale. It primarily focusses on water quantity, extending
existing models, as well as providing a framework to ingest new model developments and new
model conceptualisations. These goals will be accomplished through
• Development of a “living” geospatial database targeting catchment scale hydrological
processes, linking geospatial data layers to their hydrological interpretation through key
mechanistic and empirical relationships and parameters;
• Development of a national scale surface water-groundwater model, coupling existing
national scale surface water and groundwater models through an integrated modelling
framework;
• Development of a water age model, i.e., a conceptualisation of water age in the surface
water and groundwater models. The water age model will be based on a national scale
understanding of hydro-geochemistry as well as observed young and old water isotope
signatures;
• On-going co-development and implementation with key regional council partners and iwi.
Programme interactions with these various partners will allow exploration of the effects on

251

model outputs of different levels of ‘data availability’ to drive such a model. This will result
in a better understanding of the potential uses and limitations associated with model
simulations and prediction.
The NHP will be structured in 4 Research Aims as presented in the diagram below (Figure 1).

Figure 1: Conceptual organisation of the NHP program and its interaction with other MBIE funded
activities.

Results
A large component of the NHP work in 2016 and 2017 focused on developing the basic
components of the model. As a result, the development of the geospatial framework includes the
following components:
• Geospatial database containing up-to-date and harmonised datasets relevant to
parameterise the national hydrological model for different applications and scales (e.g.,
rainfall, soil, topography, geology).
• New Digital River Network combining advances in national scale DEM and availability of
Lidar information.
• National scale soil characterisation combining Fundamental Soil Layer information with
advances in soil mapping (S-map and S-map Next Gen MBIE contestable program) in
collaboration with Landcare Research.
• National-scale groundwater related information based on aquifer characteristics in
collaboration with GNS Science (effective porosity, depth to groundwater basement,
subsurface hydraulic conductivity).
• Static and dynamic mapping of gaining and losing streams across New Zealand (in
collaboration with GNS Science and all regional councils).
Additional work was carried out across other objectives on:
• Development of a benchmarking procedure to test model development,
conceptualisation and parametrisation across New Zealand;
• Incorporation of a National Water Table model, based on the Equilibrium Water Table
concepts, into the national hydrological model;
• Collection of surface water and groundwater isotope information to inform the
development, conceptualisation and assessment of the water age module across the
regions of three partners (Environment Southland, Gisborne District Council and
Horizons Regional Council);
• Provision of information generated by the program to end users.
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MODPATH SIMULATION AND POST-PROCESSING FOR ESTIMATING FLOWWEIGHTED GROUNDWATER AGE
Zhao H.,1 Williamson, J.L.1
1 Williamson Water Advisory Limited
Aims

The particle tracking program MODPATH1, was developed to compute groundwater flowpaths
based on the groundwater flow solution from MODFLOW. Particles placed in the finite model grid
can be tracked forward/backward in time for capture zone delineation and groundwater age
estimation. The estimated groundwater age can improve the understanding of the groundwater
recharge and discharge behaviour in the hydrological system, especially the saturated
groundwater flow lag time of constituent discharges to surface water systems. Additionally, the
MODPATH results can be used as a validation tool for constructed groundwater flow models and
solute transport models.
Groundwater flow models are constructed with a structured grid lattice or cells, hence the actual
age of groundwater within each cell is a mixture of different age of groundwater flowing across
each cell face. Therefore, to reflect the mixing effect of the groundwater in the model cell, a flowweighted post-processing method is applied to the MODPATH outputs to estimate the age of the
groundwater.

Method
The groundwater age calculation processing is conducted in steps:
1. MODPATH simulation: Based on a regional steady-state groundwater flow model, each
drain/constant head boundary (DRN/CHB) in the top layer of the model has 5 particles placed in
the cell - on the right, left, front, back and lower face, respectively. Backward tracking is
conducted on the particles using MODPATH interface in Groundwater Modeling System 10.2. In
the project example, which is the Ruahuwai model comprising the Waikato River valley between
the Lake Taupo gates and the Lake Ohakuri tailrace, and the Reporoa basin, 21,790 particles
were employed.
2. The age of the groundwater flowing through the DRN/CHB cell: The maximum cumulative
tracking time for each particle is extracted and post-processed in conjunction with cell face flow to
compute the cell face flow-weighted average groundwater age in the DRN/CHB cell.
3. The age of the groundwater discharging to surface water systems on the subcatchment basis: The DRN/CHB outflow is extracted, and grouped by their location within the
individual SOURCE model catchment. Using outflow of the cell as a weighting factor and
assuming groundwater discharge is identical to the groundwater in the model cell, the age of the
groundwater being discharged into surface water is computed from the upstream to downstream
on a sub-catchment basis.

Results
Flow-weighted groundwater age reflects the mixing of groundwater flow in the model cell to a
certain degree. The estimated groundwater age in the DRN/CHB cell is shown in Figure 1. Based
on the estimated groundwater age within the sub-catchment, a transient tritium simulation was
constructed using a convolution integral. The results were compared against results derived from
a tritium transient MT3DMS model, shown in Figure 2. In this study, it is proved to be useful as a
validation tool in the functionality of developed groundwater flow and solute transport model.
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Figure 2. Tritium simulation constructed from estimated groundwater age distribution compared with
tritium MT3DMS model result
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METHODOLOGIES FOR INVESTIGATING
WATER INTERACTIONS IN BRAIDED RIVERS

GROUNDWATER-SURFACE

Coluccio, K.,1 Morgan, L.,2 Etheridge, Z.3
1
Waterways Centre for Freshwater Management, University of Canterbury
2
Waterways Centre for Freshwater Management, University of Canterbury
3
Environment Canterbury
Aims
Braided rivers are highly valued water resources for various economic, cultural, recreational and
ecological purposes. However, they are complex and dynamic systems, which can make it
difficult to manage them effectively. One aspect that complicates the understanding of braided
rivers relates to groundwater and surface water interactions. Braided rivers are characterised by
multiple meandering channels that deposit gravel bars and islands, which generally create a
highly porous and interconnected environment for groundwater and surface water to mix. Many of
these rivers have reaches that gain flow from groundwater or lose surface water to sub-surface
aquifers. There is an increasing recognition of the importance of understanding how groundwater
and surface water interact for applications such as determining the rate and direction of
contaminant flow, and identifying sustainable volumes of water that can be abstracted from
aquifers and surface water bodies. Until recently, groundwater and surface water systems were
often considered separately both in research and in their management as freshwater resources.
However, in the past few decades there has been a considerable increase in research focusing
on groundwater and surface water interactions.

Method
This research involved a review of the literature on investigations of groundwater-surface water
exchange in braided rivers. The various methods used to characterise these processes were
reviewed, with particular emphasis on effectiveness in achieving the studies’ objectives and their
applicability in braided river environments.

Results
Research examining methods to characterise groundwater-surface water interactions is still
relatively young. Furthermore, there is a scarcity of studies specifically examining these
phenomena in braided rivers and their associated aquifers. Braided river environments are
typically highly conductive and geologically heterogeneous with dynamic flow levels and
geomorphology. These complexities may help explain the lack of studies that have attempted to
identify (and more specifically quantify) these interactions (Thomas, 2010). Considerably more
research has been applied in other environments such as lakes, estuaries, small streams and
other types of rivers (e.g. Cey et al., 1998, Landon et al., 2001, Lee, 1977). Traditionally, flow
gauging has been a popular method for identifying gaining and losing reaches of braided rivers
(e.g. Riegler, 2012, Acuña and Tockner, 2009, Burbery and Ritson, 2010). Various methods
employing Darcy’s Law have been attempted in braided rivers including the use of groundwater
wells and piezometers to determine aquifer properties such as hydraulic gradient and conductivity
(Burbery and Ritson, 2010, Botting, 2010, Cheng et al., 2010, White et al., 2012). Environmental
tracers have been used to delineate groundwater and surface water flow paths as well as quantify
flux. These methods have included stable isotopes (Blackstock, 2011, Botting, 2010); radon
(Close et al., 2014); chloride (Cantafio and Ryan, 2014); and alkalinity and silica (Rodgers et al.,
2004). Heat has also been used as a tracer for identifying locations of groundwater-surface water
exchange (Close et al., 2016, Hart et al., 1999, Tonolla et al., 2010). Modelling using software
packages such as MODFLOW have been used in various studies of braided river groundwatersurface water interactions (Baalousha, 2012, Gusyev et al., 2012, Scott and Thorley, 2009) to
understand processes such as groundwater flow paths, contaminant transport and the impact of
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water abstraction on surface and groundwater levels. Due to the complexities of groundwatersurface water interactions in braided river systems, often a multi-method approach will produce
the most robust results.
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GEOCHEMICAL MODELLING: A BETTER UNDERSTANDING OF AQUEOUS
METAL CONTAMINATION
Franzblau, R.E.,1 Daughney, C.,1
1
GNS Science
As the prevalence of heavy metals in waterways increases due to anthropogenic inputs, our
understanding of the transport and fate of those metals should also increase. Aqueous metal
contamination is caused by a variety of activities, including mining, farming and urban runoff
(Grattan et al., 2007, Runkel et al., 2012, Wuana and Okieimen, 2011, Peng et al., 2009). As
global population increases, metal pollution increases, causing an urgent need to predict where
there is accumulation and how to remediate affected systems.
One such method is to use surface complexation modelling (SCM), which is a type of
geochemical modelling based on thermodynamics (Daughney et al., 2004, Westall, 1982, Borrok,
2005, Johnson et al., 2007). SCMs describe the adsorption of ions onto surface sites, and have
been used to understand how various metal ions and organic ligands adsorb onto a range of
surfaces under controlled conditions (Beveridge and Murray, 1980, Daughney et al., 2011,
Daughney and Fein, 1998, Châtellier and Fortin, 2004, Burnett et al., 2006). Studies have also
been conducted using sorbent material from natural systems (Coston, 1995, D'Abzac, 2010, Sun
et al., 2017). These types of studies demonstrate how we could better understand the fate of
heavy metals and potential remediation pathways in both urban and rural settings.
This presentation will demonstrate the approach and utility of SCMs using the example of the
sorption capacity of bacteria-iron oxide composites for Cu(II) and SeO4- during mineral
precipitation (Franzblau et al., 2015, Franzblau et al., 2014, Franzblau et al., 2016, Daughney et
al., 2011). These studies were designed to mimic the dynamic conditions found in nature, where
various types of bacteria and minerals are ubiquitous (Chapelle, 1999, Fortin and Langley, 2005).
The SCMs described the various chemical equilibration reactions which occurred under our
laboratory conditions to determine the metal adsorption stability constants based on observed
metal removal. These stability constants can then be applied to real world studies to predict metal
removal in similar systems.
In natural systems, one passive remediation method is to filter contaminated water through
sorbent materials with high affinity for the contaminants in question (Peng et al., 2009, Adriano et
al., 2004). SCMs could be used in these scenarios to predict what combination of sorbents would
be most effective, and to what degree the contaminant(s) would be removed. This targeted
approach would give greater confidence in remediation efforts working as desired. Additionally,
this type of remediation method generally costs less than more invasive methods, depending on
site specific requirements (Adriano et al., 2004, Reddad et al., 2002).
These examples highlight a selection of the many applications SCMs have in both laboratory and
real world scenarios. As metal pollution becomes of greater concern due to its harmful health
effects, SCMs could assist us to alleviate the problem.
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A NEW ZEALAND SUCCESS STORY – THE TRITIUM WATER DATING
LABORATORY
Kaiser J,1 Trompetter V,1 Morgenstern U,1 van der Raaij RW,1 Martindale H,1 Franzblau R,1
1

GNS Science

The Water Dating Laboratory at GNS Science was established in the 1950s and analysed its first tritium
sample in 1956.
Tritium has a half-life of 12.3 years and is produced in the upper atmosphere by cosmic ray interaction.
Since the 1950s tritium has also been released into the atmosphere through atmospheric thermonuclear
bomb testing (Taylor 1966, Morgenstern & Taylor 2009).
The tritium tracer input curve (Fig. 1), which is needed for age interpretation of groundwater, is
established through tritium monitoring of monthly rain samples, collected at Kaitoke Forest Park,
Wellington Region. This is the longest running monthly rainfall collection in the Southern Hemisphere
beginning in 1960 and continuing to this day (Fig. 1) (Morgenstern & Taylor 2009).
In 1978, the first set of 20 “modern” electrolysis cells was commissioned to achieve a higher tritium
enrichment (Taylor 1975 and 1976). These cells were controlled by a manually operated fridge sized unit.
In 1998 the development of a second set of 20 enrichment cells started. However, the commissioning
took until 2005 due to difficulties in sourcing the steel with the original properties. During this time the lab
also developed a new spacer arrangement for improved geometrical distance between the cathode and
anode. Further upgrades were made by developing a computer controlled unit to control the electrolytical
enrichment (McBeth 2015). All these enhancements in the electrolysis process resulted in an increased
tritium enrichment, from factor 60 to 90, which resulted in a further lowering of the tritium detection limit
from 0.03 to 0.018 TU (1TU = 1 x 10-18 tritium/hydrogen).
In the 1990s, the sensitivity of liquid scintillation counting was improved by reducing the counting
background and increasing counter stability (Morgenstern & Taylor 2009).
In 1997 after visiting the USGS, CFC analyses was introduced as a complimentary age tracer. SF6 was
investigated in 2003 (van der Raaij 2003). Since then, CFCs and SF6 have been used in conjunction with
tritium to determine groundwater ages to take the ambiguity away from groundwater ages purely
determined through tritium, as they could be on either side of the bomb peak (Fig. 1).

Figure 1: Tracer input curves, essential to determine groundwater ages.

Through continued improvements in scientific instruments/equipment and procedures over the years the
analytical error has reduced to ±0.03 TU for a sample with 1.3 TU. The results of the IAEA intercomparison in 2007 highlights the GNS tritium laboratory is the most accurate tritium analytical laboratory
in the world, with six times better accuracy compared to the next best lab, (Fig. 2) (Morgenstern & Taylor
2009).
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Figure 2: The water dating laboratory at GNS Science has the identification ID 3 and displays a 6-times better tritium accuracy
compared to the next best lab in the 2007 IAEA inter-comparison.
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TRANSLATING RESOURCE MANAGEMENT DECISIONS INTO MODELLING
Lovett, A1., Moore, C1., Moreau, M1., Gyopari, M2., and White, P1.
1
GNS Science, 2 Earth in Mind Limited
Background and aims
The Smart Models for Aquifer Management (SAM) research programme is an MBIE-funded, GNS
Science-led collaboration across multiple agencies. The primary aim of the research is to develop
technologies to identify fit-for-purpose decision specific or ‘smart’ modelling tools to be used for
land and water management as required by the National Policy Statement for Freshwater
Management (NPSFM) (Ministry for the Environment, 2014). This research is largely driven by
the need to address the computational burden associated with the use of increasingly-complex
models by regional councils to inform resource management decision making, including
objectives under the NPS-FM (2014). The numerical challenges associated with a complex model
(including long model run times and model instability) results in either limited, or minimal,
uncertainty analysis being undertaken on the models, and the true implications of modelling
results being poorly represented, thereby undermining their decision support role.
‘Smart’ models are being developed to address this problem, without compromising the reliability
of decisions based on the outcomes of these models. Key outputs from the research programme
include developing methodologies to determine: (i) the most useful modelling strategy in a
decision-making context, that is as complex as it needs to be but no more; (ii) the data that is
most useful in a decision-making context; and (iii) the gains, or diminishing returns, that are
achieved with more data or more complex models.
This paper specifically focusses on one aspect of this programme, that is the defining of the
decision making contexts for which a series of smart, or agile and streamlined models, are being
developed.

Methods and Case Studies
Three ‘real-world’ examples are the focus of this research. The research for each case study
catchment is being undertaken in collaboration with the respective regional councils, and
includes: Hauraki (Waikato RC); Ruamahanga (Greater Wellington RC); and Mataura
(Environment Southland) catchments (Figure 1). These examples were chosen since their
catchments include: freshwater sites of national and international significance (e.g., Ramsar
Convention wetlands); a diverse range of climate; substantial groundwater-surface water
interaction and exchange; and hydrological and hydrogeological environments that are broadly
representative of the greater New Zealand geographic setting. In addition, the catchments have
been the subject of groundwater and surface water modelling based on ‘traditional’ approaches.
Furthermore, each catchment is currently, or in the near future, undergoing the community
engagement process for limit-setting under the NPSFM (2014).
Within each of these case studies, a literature review of relevant documents and engagement
with a range of stakeholders was undertaken in order to canvass community and stakeholder
freshwater objectives, issues, and questions. Engagement included interviews and meetings with:
the community (including iwi), regional council, Department of Conservation, and landowners.
The model outputs that would be needed to assess the impact of various resource management
decisions on the identified objectives were then analysed. The summary of these freshwater
objectives, potential resource management decision scenarios, and the model outputs that can
inform these decisions provide the basis for the smart decision support models.
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Figure 1:

Location of the three case study catchments incorporated into the SAM research programme,
including Hauraki (Waikato), Ruamahanga (Greater Wellington), and Mataura (Southland).

Results and outputs
The primary output of this work was a summary of the most important aspects of water resources
management in each catchment (e.g., preservation of minimum surface water and spring flows;
reducing the concentration of nitrate; maintaining habitat for vegetation and aquatic ecosystems).
These ‘decision variables’ were then considered in the context of complex modelling, and were
translated into ‘questions’ that could be addressed during the modelling process.
Decision variables were summarised into three main groups, including: 1) models for simulating
long-term influences on water quality and flows (e.g., climate change, abstraction, and land use);
2) models for optimisation of land and water use by the use of computationally-efficient
algorithms; and 3) localised models for simulating long-term influences on water quality and flows
(e.g., climate change, abstraction, and land use). Modelling questions were subsequently
developed for the main decision variables and will be tested using different modelling approaches
in each case study. This work is summarized in Lovett et al., (in prep), which can be downloaded
from the SAM programme website (GNS Science, 2017).
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COULD THE JULY 2017 RAINFALL EVENT BE AS BIG AS THE MARCH
1986?
Martin A, Environment Canterbury
Aim

Early in the week of the 18th of July, the MetService broadcast a heavy rain warning for the foothill
and plains of Canterbury. This work is looking at that rainfall for the 21st – 22nd July and comparing
it to the 13th March 1986 event, which was a 1:100 year event. It will also look at the effect of the
rainfall on flows in South Canterbury Rivers. And what the return period for the event is.

Method
Comparing antecedent conditions, forecast data, recorded rainfall and recorded flows and
discussing the end result.

Antecedent conditions
•Rainfall
o
o

•

Flows
o

o

1986 – February rainfall was the highest rainfall in the area since 1945 and at
some sites the totals were 2-3 times the monthly normal.
2017 - Early in 2017 the rainfall across South Canterbury had been at the long
term average until April when several rainfall events pushed rainfall to above
average levels.
1986 – Given the high rainfall there had been two notable floods through
February. In the Opihi and the then in the Opuha and Waihao rivers. As a result
mean flows for the rivers were much higher than average.
2017 – There were two small events in April and flows were slightly up on
average for the following months.

Event data
•

•

Rainfall
o 1986 – Rainfall totals for the event were highest along the Hunter Hills and the
Four Peaks range with totals in excess of 200 mm.
o 2017 – Rainfall totals for this event also had high totals in the Four Pear range
and the Hunter Hills with totals between 150-170 mm.
Event flows from selected sites
Table 1. Flood flows from 1986 and 2017

River

Site

Flow (m3/s) 1986

Flow (m3/s) 2017*

Orari
Opihi
Tengawai
Pareora

Gorge
Rockwood
Cave
Huts

800
1020
1500
1450

378
498
286
234

Waihao

McCulloughs

1250

618

*2017 data still being validated

Conclusions
From initial observations it is clear that the 2017 event was not as big as the 1986 event, there
was the potential that based on the forecast rainfall information that it could have been.
Questions still to be looked at:
•Why the difference between events?
•What has changed? Forecast data

References: South Canterbury Catchment Board (1986): Report on Flood 13th March 1986

264

A NATIONAL CLASSIFICATION FOR HYDROGEOLOGICAL SYSTEMS
Moreau, M.1, White, P.A. 1, Tschritter, C.,1 Rawlinson, Z.J.1, Westerhoff, R.S.
L.J.2
1
1

1

Kees,

GNS Science, New Zealand
Environment Southland, New Zealand

National-scale maps developed with a consistent methodology are informative and defensible.
They support requirements of central government institutions for national comparative studies
(MfE and StatsNZ, 2017) and enable knowledge transfer across multiple applications (e.g.,
groundwater flow modelling and water allocation assesssments). In New Zealand, many maps of
aquifers and groundwater management zones have been developed in isolation using a range of
criteria appropriate to sub-regional studies and issues such as water allocation and land use/
water quality studies. The first nationally consistent maps of groundwater resources were
produced approximatively 20 years ago (White, 2001), using, for example, large-scale geological
maps and region-specific hydrogeological data. Many of these datasets have since been
improved in resolution and coverage, like for example the national 1:250,000 Geological Map
(QMAP: Heron, 2014).

Aims
This study aims to develop a hydrogeological system classification based on modern data and
technology and apply it consistently at the national scale. This paper focusses on the
classification of hydrogeological systems in the Southland pilot region. It will demonstrate
potential applications of systematic classification of these systems and describe how this study
links with a suite of national-scale mapping projects that aim to determine hydrogeological and
structural characteristics of NZ aquifer systems.

Method
An iterative process was used to define the hydrogeological systems: first the Southland pilot
study was used to develop a classification system and associated rules, which will be tested fully
during the national classification. The results presented here are limited to the Southland case
study.
Datasets required for this classification included: the QMAP (polygons, faults, notes), a digital
elevation model, digital topographic contours and surface drainanage information, relevant
publications (e.g., Quaternary shorelines, uplift and subsidence monitoring), and the digital
aquifer potential map (Tschritter et al. 2016).
The classification system is a three-tier approach, that can be described as follows:
• Tier 1 defines distinct hydrogeological systems which may include disconnected
polygons;
• Tier 2 identifies common descriptors between systems;
• Tier 3 determines unit descriptors at which the mapping is performed.
The rules used to class Southland’s hydrogeological system are based on the datasets listed
above and used in GIS in order to enable rapid and seamless mapping at the national scale.

Results
Six hydrogeological systems (Tier 1) were identified in the Southland region: Basement, Inland
Basin, Volcanics, Coastal Basin, Coastal Sediments and Inland River Valley. Corresponding
descriptors were attributed to each system: 13 at Tier 2 (e.g., geological age and depositional
class) and 22 at Tier 3 (e.g., sub-divisions of geological age). Each hydrogeological system was
represented by GIS polygons and one or more geological profile. For example, ten geological
profiles represent six hydrogeological systems in the region (Figure 1).
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Figure 1: Hydrogeological systems and geological descriptors, in the Southland region.
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QUANTIFYING ARMOUR LAYER COMPACTION IN GRAVEL BED RIVERS
Neverman, A.J., 1 Fuller, I.C.,1 Death, R. G.,1
1

Innovative River Solutions, Institute of Agriculture and Environment, Massey University,
Palmerston North, 4474, New Zealand

Aims
Bedload transport is a key component of many management issues in river systems (Raven et
al., 2010), and being able to predict bedload events is vital to mitigating future hazards and
managing ecological integrity. Prediction of bedload transport events remains challenging. This
challenge is largely due to the non-linearity of entrainment, and difficulty identifying and
measuring both extrinsic and intrinsic thresholds. The interlocking of clasts in the armour layer
(compaction), is a key intrinsic component of substrate resistance to entrainment, yet no
consistent method has been developed to accurately quantify compaction. As a result,
compaction
is
rarely
considered
in
entrainment
formulae.
Penetrometers are an established tool in civil engineering for measuring the compaction, or
cohesion, of sediments. Several papers have used penetrometers to compare spatial and
temporal differences in armour layer compaction (Pedersen and Friberg, 2007, Sear, 1992, Sear,
1995). However, a consistent approach to using penetrometers in gravel beds has not been
established. This paper presents a study which aims to establish a consistent, cheap, and simple
methodology for measuring compaction of the armour layer in gravel bed rivers.

Method
A penetrometer was developed by the Massey University Physical Geography Group which
allows penetration depth to be read directly off of the penetrometer at standing eye height (Figure
1), reducing user errors which occur when measuring penetration after removing the
penetrometer from the bed, as is common with commercial penetrometer designs. The
penetrometer was trialled at numerous sites using two methods from the literature. Method 1
calculated compaction using the approach of Pedersen and Friberg (2007) where a consistent
number of blows was used, and penetration depth achieved by the number of blows was
recorded. Method 2 followed the approaches of Narahari et al. (1967) and Sear (1995) who
recorded the number of blows required to achieve a consistent depth. However, unlike the
generic penetration depth used by Narahari et al. (1967) and Sear (1995), our approach sought to
first quantify site-specific armour layer thickness and measure within this depth to ensure
measurement was restricted to the armour layer and avoid penetrating the subsurface.

Results
Trials using Method 1 showed that in many channels it was difficult to reach the predetermined
number of blows. The data also showed the compaction score changed significantly between
scores derived using 10, 20, or 30 blows at the same spot. It was considered that this was due to
the penetrometer reaching deeper into the bed and measuring differences between the armour
layer and subsurface material. When higher blow counts were used, the penetrometer was going
through the subsurface material which has a lower cohesion than the armour layer due to the
dominance of sand (Pedersen and Friberg, 2007). Cohesion of the subsurface is generally of less
interest to fluvial geomorphologists as it is the resistance of the armour layer which affects the
onset of entrainment. Method 2 therefore focused on counting the blows required to reach a set
depth (that of the armour itself). The pilot study found Method 2 was easier and faster to use, and
provided a more consistent measure of compaction. We propose using Method 2 as the
framework to further develop this technique beyond the pilot study presented here.
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Figure 1. New penetrometer design allowing penetration depth to be read from the penetrometer without the
need to first remove it from the bed.
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SMART AQUIFER CHARACTERISATION GUIDELINES

Rawlinson, Z.,1 Cameron. S.,1 Westerhoff, R., 1 Morgenstern, U., 1 Moore, C., 1 White, P.
1
GNS Science
Aims
The SMART Aquifer Characterisation research programme was a joint NZ-EU research
programme (SMART Aquifer Characterisation) that aimed to assemble and validate a suite of
innovative methods for characterising the nation’s groundwater systems, at the national and
aquifer scales.
The focus of the research was on four key technical information gaps:
•
•
•
•

Refining groundwater volume estimation
Determination of aquifer hydraulic properties
Quantification of fluxes between groundwater and surface water
Groundwater age-dating

This essential information, needed to effectively manage NZ groundwater resources, is lacking
because traditional methods for aquifer mapping and characterisation are time-consuming, costly,
and ill-suited to large-scale application. The programme placed emphasis on techniques that use
passive data sources (existing data sources), or new measurements that can be made over large
areas with reduced cost.

Method
The programme trialled methodologies in geophysics, satellite remote sensing, temperaturesensing and novel age-tracers. Uncertainty quantification and data worth assessments were used
to determine the benefits of the resultant data for use in groundwater models. Techniques were
established to synthesise and visualise the datasets, including the development of a web portal
and data transfer standards.

Results
The final outcomes of the programme is presented, including guidelines that have been
developed to effectively communicate the techniques to water managers. Some highlights
include:
•
•
•
•

Satellite derived nation-wide long-term time series of groundwater recharge;
Novel groundwater age tracers lead to better insight into groundwater flow;
Temperature sensing techniques map groundwater-surface water interaction on multiple
spatial scales;
Standardised data transfer and communication protocols increases efficiency of data use.
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AN ASSESSMENT OF THE WORTH AND COST-EFFECTIVENESS OF
NOVEL AGE TRACERS IN ENHANCING THE RELIABILITY OF
GROUNDWATER TRAVEL TIME PREDICTIONS
Michael W. Toews,1 Catherine R. Moore,1 Matthew J. Knowling,1 Monique Beyer1,2
1
GNS Science
2
Environment Southland
Background
The Waiwhetu artesian aquifer in the Hutt Valley is an important natural resource for the water
supply in the greater Wellington metropolitan region. It is primarily recharged through the Hutt
River, as well as through rainfall recharge. The security of the water supplies to the Waterloo
Wellfield depends in the groundwater travel times. These travel times can be simulated using a
numerical model.
However, characterising the aquifer system through field data acquisition can be expensive,
particularly if new bores need to be drilled. It is not easy to develop a cost-effective groundwater
sampling programme, which has an optimal spatial and/or temporal resolution. For instance,
which bores to sample, and what analysis suite to perform, and how frequently they should be
sampled. These decisions have implications for the cost of the programme, as well as impacts on
the reliability of model predictive simulations.
The aim of this study is to investigate the worth and cost-effectiveness of a suite of novel age
tracers (including SF6, Halon-1301, CFCs and tritium), in the context of enhancing the reliability
with which model predictions of travel time can be made (c.f. Wallis et al., 2014). The “worth” of
data is evaluated in terms of the reduction in uncertainty of model parameters and the
improvement in the reliability of water management decision-focused model predictions following
data acquisition. This may help inform future investigations and sampling programs that will best
inform aquifer characterisation. Specifically this study is being used to assess the extent to which
the suite of novel age tracers listed above, and other measurements, both existing and future
measurements, can inform assessments of pathogen contamination risks at public supply bores.

Methods
A groundwater model of the Hutt Valley Aquifer system (Gyopari, 2014) was extended to
incorporate pilot points for spatially-varying model parameters (Kh, Kv, Ss, Sy, porosity), and a
transport model MT3DMS was added to simulate atmospheric tracers. Transport of each of the
tracers is simulated in the numerical groundwater transport model, and observations at real and
hypothetical bores are recorded. Groundwater travel times are assessed using reverse-flow
particles to the wellfield, which is based on the advection of simulated groundwater flow. Particle
tracking was processed using three steady-state representations of groundwater flow from
different aquifer recharge conditions (low, medium, high). A data worth analysis is used to
determine the value of each novel age tracer measurement in different spatial and temporal
frequencies, as well as combinations of these analyses, to test their abilities in reducing model
uncertainty in determining travel times to the Waterloo Wellfield. As well as identifying the data
which improves predictive reliability the most, this analysis also assesses whether and when
there are diminishing returns in gathering more data.
A pareto analysis is also being used to assess the cost effectiveness of these age tracers with
more traditional data types. This analysis allows the interdependencies of the measurement costs
and predictive reliability that is achieved using a range of alternative data types to be compared
directly including. These data include: recharge data, hydraulic properties from aquifer testing,
SF6, CFCs and tritium, and other field data.
These analyses are ongoing.
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APPLICATION OF HYDROCHEMICAL AND ISOTOPIC METHODS TO
ASSESS WATER SOURCE AND CONTAMINANT PATHWAYS IN THE
WAIOKURA CATCHMENT, TARANAKI, NEW ZEALAND
van der Raaij, RW,1 Martindale, H,1 Phipps, R.2
1
GNS Science
2
Taranaki Regional Council
Aims
A collaborative project between GNS Science and Taranaki Regional Council, which aimed to
increase the understanding of nutrient loads from groundwater reaching the spring-fed Waiokura
Stream, was undertaken in 2016. The project aimed to help resolve the differing flow paths and
origin of water and contaminants by sampling, analysis and interpretation of a targeted suite of
hydrochemical and isotopic tracers.
The Waikoura Stream Catchment is located in Taranaki, New Zealand, and has an area of 2,100
ha ranging in elevation from sea level to nearly 400 m above mean seal level (AMSL). Land use
in the catchment is predominantly dairy farming. Geology in the area is dominated by Taranaki
volcanic formations. The catchment has been the focus of previous studies regarding
investigations of nitrogen and phosphorus nutrients.

Method

We have applied analysis of stable isotopes (δ18O and δ2H of water,
δ15N and δ18O of NO3), hydrochemistry (Cl, Br, Na, Ca, Mg, K,
Alkalinity, DOC, SO4, N, P, and SiO2), radon and age tracer data
(tritium, CFCs, SF6) to a select number of ground- and surface- water
sites in the Waiokura Stream catchment.
In conjunction with physical flow measurements the stable isotopes of
water are a powerful tool for discriminating water origin. High altitude
derived flow is often readily distinguished from that of low altitude
origin. The stable isotopes of water are often used to, in conjunction
with water quality metrics (such as N and P), resolve contaminant
signatures and origin. Specifically, an interpretation can be made as to
the likely provenance (natural or otherwise) of the contaminant of
interest, and the pathway it took to reach the stream. Combinations of
natural tracers of water origin with specific water quality metrics is a
well-recognised method for resolving questions of contaminant origin
and transport.

Results
An initial survey of radon (Rn) concentrations along the Waiokura
Stream was taken to determine sampling sites for stable isotopes,
chemistry, and age-tracers. Eight sites with the highest Rn
concentrations were selected for further sampling. (Figure 1). Radon
concentrations at these sites were assumed to be indicative of
groundwater inflow to the stream.
Stable isotopes of water (δ18O and δ2H) showed differences between
the younger groundwaters and the stream water, reflecting either the
influence of local versus higher altitude inputs and/or seasonal effects.
One well had considerably different isotopic composition (and
chemistry) than groundwater from other wells and appears to have a
completely different recharge source. δ15N and δ18O measurements in
dissolved nitrate for most samples sit above the denitrification line
typical of New Zealand samples from pasture and forest sites,
suggesting breakthrough of urea/urine or other fertiliser N. Slightly Figure 1. Rn concentrations
along the Waiokura Stream.
different sources of nitrate are implied along the stream profile.
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The Mean Residence Time (MRT) of groundwater, sampled from wells with depths from 5 to 14
m, ranged between 1 year and 49 years. Most wells had very young groundwater with MRT of 1
to 2 years. In contrast, Waiokura Stream samples had MRT between 6 and 14 years, implying
inflows of older groundwater than observed at the wells. One 5m deep well had a mix of very
young groundwater with much older water, suggesting a highly stratified aquifer system.
Chemistry data for the Waiokura Stream and nearby groundwater showed relationships indicating
the influence of groundwater evolution and water-rock interaction as well as the influence of landsurface inputs. A possible relationship between upper reach stream water and nearby
groundwater, and a corresponding relationship of lower reach stream water and nearby
groundwater, were identified by hierarchical cluster analysis of chemistry data (Figure 2). These
relationships appear to be driven by both the age of groundwater reaching the stream, and
catchment lithology. Groundwater chemistry appears to be influenced by both short term surface
inputs and longer term groundwater evolution, and thus there are no clear relationships of
chemistry and groundwater MRT. The Waiokura Stream samples have chemistry intermediate to
that of the younger and older groundwaters.
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Figure 2. HCA Dendrogram showing relationship between surface water (RAD) and groundwater (GND)
chemistry

Time series chemistry data for the Waiokura stream displays seasonal variations that may be
related to seasonal changes in uptake of nutrients by instream biota, as well as possible changes
in composition of inflowing groundwater due to changes in groundwater MRT. Combined
NO3/NO2 (NNN) concentrations in one well vary considerably, with periods of high NNN and low
NH4 interspersed with periods of low NNN and high NH4 (Figure 3) The water from this well had
MRT of 49 years when sampled for this study and was anoxic. It appears the groundwater at this
well may alternate over time between younger, oxic water with high NNN, and older anoxic water
with low NNN.
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SHORT-TERM FORECASTING OF HYDRO-LAKE INFLOWS FOR THE
CLUTHA CATCHMENT
Waters, A. M.1, Bardsley, E.1 & Taylor, M.2
1

University of Waikato
Contact Energy

2

The Clutha catchment is New Zealand’s largest catchment, the upper catchment has many subcatchments which have different hydrologic influences. These tributaries combine in the Clutha
River, which flows to the Clyde Dam and down-stream to the Roxburgh Dam.
Together the Clutha River hydro-stations supply almost 10% of New Zealand’s electrical energy.
The power generated by the two hydro-stations must be forecasted and sold to the New Zealand
electricity market prior to generation. It is therefore important for the operational efficiency of the
hydro-stations to be able to forecast with some degree of accuracy the short-term inflows into the
two head pond lakes, Lake Dunstan at the Clyde Dam, and Lake Roxburgh at the Roxburgh
Dam.

Aims
Develop an improved model for forecasting the short-term inflows into the Clutha River hydro
lakes, Lake Dunstan and Lake Roxburgh with the following criteria;
-

Improved forecasting uncertainty.
Improve the statistical robustness of the model.
Maintain predictive ability for missing data.

Method
Create empirical models to forecast the discharge for each of the tributaries within Clutha
catchment and to combine the outputs to predict the inflow into the head pond lakes. This will be
done by analysing recorded flow and rainfall data from the catchment. The empirical models will
be developed as the work is carried out.

Acknowledgments
This work will be sponsored by Contact Energy.
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Groundwater outflow from basement to the Heretaunga Plains aquifer
system, Hawkes Bay, New Zealand
White, P.A.,1 Kumar Singh, S.,2 Moreau. M.1
1 GNS Science.
2 National Institute of Water and Atmospheric Research.
Aims
The Heretaunga Plains is an important population centre and agricultural area of approximately
3000 km2 located on the east coast of the North Island, New Zealand. Groundwater from the
Heretaunga Plains aquifer system is the predominant source of water for a population of
approximately 145,000 living within and near the Plains, mostly in Napier and Hastings cities, and
for irrigation to a large areas of agricultural land. (Luba, 2001).
Published estimates of groundwater inflows to the Heretaunga Plains (i.e., approximately 5.8 m 3/s
from rivers and 0.6 m3/s from rainfall on the unconfined zone) do not consider groundwater
inflows from Tertiary formations that form foothills catchments (i.e., basement) located around the
Plains. The assumption of zero groundwater outflow from basement to plains aquifer systems in
New Zealand is typical, because of basement is commonly composed of metamorphic rocks,
most importantly, greywacke. However, evidence of groundwater inflow from Heretaunga Plains
foothills catchments (which are formed in marine sediments that include limestone and shell
beds) was demonstrated by relatively high calcium concentrations measured in Plains
groundwater located near the foothills.
Therefore, this paper aims to develop a method to calculate recharge from basement to
groundwater that is generally applicable to groundwater systems in New Zealand. The paper
demonstrates the method by estimating groundwater recharge to Heretaunga Plains from four
foothills subcatchments of the Karamu Stream (i.e., Poukawa Stream, Awanui Stream, Paritua
Stream and an unnamed subcatchment) with a combined area of approximately 268 km 2.

Method
The long-term water budget was calculated with daily water budgets of foothills catchments
between 1973 and 2013. This calculation includes the major water budget items, e.g., rainfall
derived from the National Institute of Water and Atmospheric Research’s Virtual Climate Station
Network (Tait et al., 2012) with actual evapotranspiration (AET) and rainfall recharge calculated
by the SOILMOD soil moisture balance model (Scott, 2004), on a model grid of 100 m by 100 m
cells. Surface flows were calculated with the TopNet model that was calibrated to observed
surface water flow (Bandaragoda et al., 2004). TopNet model calibration was completed at the
Awanui Stream at flume flow site within the model calibration period (1st January 1990 to 31st
December 1994) at an hourly time step. Surface outflow components (i.e., baseflow and quick
flow) were derived using a recursive digital filter (Nathan and McMahon, 1990). Groundwater
outflow to Heretaunga Plains (QGWOUT) from each of the four catchments was calculated to
balance the water budget.

Results

The long-term water budget demonstrates the method and the importance of QGWOUT in the water
budget, i.e., QGW OUT is much larger than total surface water outflow and QGW OUT is much larger
than surface baseflow (Table 1 and Table 2, respectively). TopNet model performance for the
calibration period, and validation period (1st January 1995 to 31st December 1999) was
reasonable because a statistical measure-of-fit was acceptable for these periods; however, the
calibrated model shows under-prediction for some high-flow events and over-prediction for
others.
Table 1. Long-term water budget of four Karamu Stream foothills catchments.
Inflow (m3/s)

Outflow (m3/s)

Area
(km2)

Rainfall

Surface

Groundwater

AET

268

8.8

0

0

3.7

Surface flow
(total)
0.3

Table 2. Long-term surface water outflows from four Karamu Stream foothills catchments.
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QGWOUT
4.8

Surface outflow (m3/s)
Quick flow

Baseflow

Total

0.1

0.2

0.3

Clearly, rainfall recharge to groundwater (a long-term average of approximately 5.1 m3/s) mostly
flows across foothills catchment boundaries into the geographic area of Heretaunga Plains, which
is consistent with the observations of elevated calcium concentrations in Plains groundwater near
the foothills. This paper will discuss the implications of these results for the groundwater budget
of the Heretaunga Plains. The paper will also discuss uncertainties in the SOILMOD and
TOPNET model calculations and the application of the method to other groundwater systems in
New Zealand.
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WATER FOR LIFE

through world-class management
Aqualinc is a leading New Zealand water management consultancy. We work
closely with primary industries and government agencies to achieve world-class
water and land management, demonstrating our passion and expertise through
pioneering scientific and engineering research, developing and applying smart
technology, and providing independent consultancy services.

WATER & LAND MANAGEMENT

SURFACE & GROUNDWATER

CLIMATE

IRRIGATION

FARM SERVICES

The catchments, rivers and groundwater systems of New Zealand have a wide range of
stakeholders. Changes made to benefit one water or land user may often have a negative
impact on another. At Aqualinc, we use measured data and, through sophisticated
modelling, help our clients predict the impacts of proposed changes so they can explore,
and select, options that best manage water quality and quantity in their region.

Our team is one of New Zealand’s leading providers of specialist services in groundwater
and surface water, providing solutions to improve the management of land and water.
We provide expert services in groundwater and surface water modelling, allocation
management, aquifer testing and well development, source protection, groundwater level
and quality monitoring, and surface water monitoring.
New Zealand has a variable climate, due to short-term weather systems, medium-term
climate cycles and longer-term trends. This variability affects water resource and asset
management, and consequently the socio-economic benefits derived from their use.
Aqualinc interprets and models data from a point scale to a national scale, to enable
councils and other stakeholders to assess the effects of climate variability and trends on
resources and assets.
As irrigation water demand increases, historical approaches, and the use of arbitrary
daily and/or annual demands, are not efficient. Through science and proven modelling
approaches, Aqualinc develops more appropriate irrigation allocation guidelines for
regions. These guidelines provide for more efficient water and land use, decreased
nutrient leaching, and maximisation of irrigated area.
The modern farm environment requires a high level of monitoring and data handling,
together with the assessment of compliance with consent conditions and liaison with
regional councils. Aqualinc develops and audits farm environment management plans,
provides advice and prepares consent applications, monitors soil moisture, undertakes
flow meter verification, and uses telemetry data transfer and web-based data feedback
reports for compliance monitoring.

Aqualinc Research Ltd
If you need help or advice in any of these areas, please call
Christchurch 03 964 6521 / Ashburton 03 307 6680 / Hamilton 07 858 4851 / Hastings 027 444 7349

www.aqualinc.com

