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Executive Summary

Thelower Burdekinn s Australiabdés foremost irrigation
largest irrigatio area at 80,000ectaresThe region generatesore thars450 million in gross

value of production fronrrigatedsugar and horticulturdt is also home to substantial areas of

high cultural and environmental significance, with one of the largest concentrations of wetlands in
eastern Australidncluding theRamsailisted Bowling Green BayVetland and a marine
environmentomprising the GreaBarrier Reef World Heritage Area and Great Barrier Reef

Marine Park, together with two Declared Fish Habitat Areas.

The Burdekin Water Futures (BWF) group, representing key groundwater management
stakeholders, has recognised the need to address therantkrgats to the region by underpinning
planning and decisiemaking with sound science. Past research has been valuable but somewhat
ad hoc, and the BWF has driven the developmetiti®integrated but targetéalver Burdekin
Groundwater Science Plamform the framework for future investment at national, state and local
levels.By clearly identifying key assetd articulating core knowledge needs, GBisundwater
Science Planincorporating specific project briefs, aims to secure the knowledgartage the

system sustainably to provide lasting economic, environmental and social outcomes.

This GroundwateScience Plamdoptsa whole of system approach that recognisesaksgtdo
ensuring the long term sustainability of the groundwater resourt¢kslofver Burdekinand their
dependent agriculture and aquatic ecosystems. The biophysical assets targeted for protection
include the following:

A Groundwater quality and groundwater consumptive volume

Protecting the consumptive uses of groundwater resefwceirban/industrial, domestic, stock
and irrigation use both in terms of the volumes available for extraction and water qualities that
maintain currenaind potentially futuréeneficial uses.

A Groundwater dependent ecosystems (including the coastabifdain, rivers & freshwater
wetlands and the marinenvironmen)

Protectinggroundwater dependent ecosystdrom changes in groundwater quantity and
guality. Some of these ecosystems are completely grouncdapemdent with others relying
on groundwatefor just the drier periods of the yeavith otherdgncludingsome of the
wetlands and marine environment vulnerable to discharges of groundwater containing
contaminantsuch asiitrogen

A Agricultural soils

Prevention of loss of productivity from irrigeed land, and associated loss of income to
landholders. The gross value of production from sugar and horticulturelowtkieBurdekin
has been estimated in excess of $450 millienannum

SINCLAIR KNIGHT MERZ PAGEL
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The key threats to sustainability are:

1

Rising water tablegresulting in waterlogging) and ainisation of groundwater and soils in
irrigation areas resulting from complex processes of salt leaching and accumulation in response
to irrigation practices and water management.

Incursion of the marine saltwater interfeein response téalling water tables due to overuse
of groundwater and/or rising sea levels due to climate change

Groundwater contaminatioras a result of application ekcesqutrients andgrochemicals.

Degradation of groundwater dependent ecosysteasilting from modified flow regimes and
pollutants.

Other threats considered to a lesser degree iGtisigndwateiScience Plan include climate
change, invasive pests and weeds, andsadtrrelated aspects of soil health.

The achievement of the longrin sustainability of theower Burdekingroundwater system

requires a holistic, integrated systems approach to knowledge gathering, knowledge application and
system management. THsoundwateiScience Plan is based on holistic, integrated thinking,
undepinned by a set of core projects that will deliver on a clear set ofriolnleg objectives. The

core projects are:

1.

2.

Development of an agreed conceptual groundwater model

Development of numerical groundwater flow and solute transport models

Improved undetanding of 3D stratigraphy and salt storage.

Improved understanding of groundwater dependent ecosystems of the lower Burdekin
Strategic review afjroundwatemonitoring arrangements within the lower Burdekin
Development of farm management practices tamise groundwater and soil salinisation

Developing an improved understanding of land and water management on the regional water
and salt balance

Development of ecologically sustainable agricultural drainage management options

Risks associated with groundter contamination from agricultural chemicals in thaver
Burdekin

SINCLAIR KNIGHT MERZ PAGE2
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1. Context

1.1 Background to irrigation in the lower Burdekin

Thelower Burdekinn s Australiabés foremost irrigation us

largest irrigation area at 80,000 ha. The region was developed in two phases, initially the Burdekin
River Delta, commencing in the 1860s and subsequently the Burdekin iRigatidon Area after

World War Il. Sugarcane was first grown in the Burdekin Delta in 1879 and has remained the
principal crop ever since, although small areas of cotton and horticultural crops including mangoes,
rock melons and sweet corn exist. Surfaeer irrigation commenced in 1885 on the highly
transmissive and fertile Burdekin River Delta but was supplemented by groundwater by 1887. By
the mid1890s over 2000 ha of the Delta was being irrigated using both surface and groundwater.
The expansion ahe sugar industry was dmwbc from 1890 to 1920 but received a boost in 1922

with the Inkerman Irrigation Area Act. Continuing expansion of the sugar industry led to depleted
groundwater resources in the Delta and in 1965 the North and South BurdekirBdsatds

commenced pumping water from the Burdekin River. Today the amount of land under irrigation in
the Delta stands at over 42,000 ha.

The second phase of irrigation development commenced with the release of blocks of riparian land
along the Burdekin Rer for growing tobacco as part of the Burdekin soldier resettlement scheme
after WWII. The tobacco farms were irrigated using river water which was supplied by a network
of channels and two river pumping stations. In 1964 the tobacco industry initirecelippsed

and these farms converted to sugar cane. A second lot of blocks in the Old Clare district (then
called the Burdekin River Irrigation Are8BRIA) was released in 1968 for growing rice. The area
under rice peaked at 3,872 ha in 1971 but si¥89 sugar cane has been the primary crop in all
districts. In 1965 irrigated agriculture commenced in Mona Park, the first area to extract
6substantial 8 quantities of groundwater for
ML) was completedo provide a pumping pool for irrigation in the BRIA and in 1985 flap gates
were installed which increased the capacity of the weir to approximately 15 500 ML. The Burdekin
Haughton Water Supply Scheme (BHWSS) was realised in 1987 with the completien of th
Burdekin Falls Danand the Haughton and Barrattai channels.

Thelower Burdekinis a conjunctivevateruse schemd.€., water is sourced from both surface and
groundwater), though the Delta region uses mainly groundwat&0®() and the BHWSS uses
mainly surface water (80%).

SINCLAIR KNIGHT MERZ PAGE3
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1.2. Background to the lower Burdekin Groundwater Science Plan

In 2007 the Burdekin Water Futures (BWF) grbwas established to provide an ongoing

mechanism for dialogue between land and water management organisations dakiekeyders

in thelower Burdekincatchment. Key amongst its goals, the BWF seeks to facilitate a more
strategic approach to the issues of knowledge gathering and sharing, coordination and alignment of
effort between land and water managers ifdier Burdekin

The BWF believes that additional,-oodinated science investment is critical to achievingdong
term, sustainable land and water management outcomes, but is cognisant of the factors that are
compounding the gaps in knowledge. To this end, the BWF sedarthindwateiScience Plan as

a critical framework for supporting the long term, integrated management of the region.

State agencies and other water resource managers are facing more sophisticated and difficult
regulatory decisions and have an increasiggdfor research tailored to specific environmental

and regulatory problems. To maximise the effectiveness oftinisndwater Science Plamd

|l i mited research funding, ,éanagemerandygenprédl of t he
community is critical ¢ its long term success. Principal supporters and beneficiaries of the
Groundwater Science Plamclude the BWF and its constituent member organisations, together

with science providers and funders, water managers and users, and federal and state governmen
agencies.

Thelower BurdekinGroundwater Science Plan aims to achieve the long term sustainability of the
region, including:

Environmental Management of water resources for the health and protection of wetland, river,
aquifer, coastal and marine ecstgms.

Social- Protection of the cultural, aesthetic and recreational amenities provided by water resources.

Economic Use of water and land resources for the irrigated production of crops and supply of
domestic and commercial water needs.

The scientific knowledge generated through Gisundwater Science Plavill support the
resolution of management questions and help achieve management objaatimeg.other things,
the Groundwater Science Plan will enhance long term economic, envirtaimed social
resilience of the lower Burdekin, by:

9 supporting water resource planning through an enhanced understanding of groundwater
surface water, and water qualitsater quantity interactions;

! Membership of the BWF currently comprissnior representatives from the North and South Burdekin Water Boards,
the Queensland Department of Environment and RestainagementSunwater, Burdekin Shire Council, CSIRO /
CRC Irrigation Futures, BSES Pty Ltd, BRIA Irrigators Committee, CanegrdBeedekin and the NQ Dry Tropics.
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1 informing the development of groundwater level and ¢y &irgets in the BRIA Fiv&'ear
Groundwater Management Plan;

1 supporting the achievement of the Reef Water Quality Protection Plan objectives through an
enhanced understanding of groundwater contaminant loads®eheBarrier Redfagoon;

1 protecting tle integrity of human drinking water supplies;
1 optimising the management of the saltwater interface; and
1 maintaining the agricultural productive capability of land threatened by salinisation.

SINCLAIR KNIGHT MERZ PAGE



_SKMm

2. Core Knowledge Gaps

The core knowledge gaps for the sustainatd@agement of thewer Burdekingroundwater
system are summarised as follows:

2.1. Geologic and Hydrologic Characteristics of the lower Burdekin
Groundwater Systems

The aquifers below the Burdekin Haughton Water Supply System (BHWSS) are currently poorly
undestood, while the aquifers below the North Burdekin Water Board and South Burdekin Water
Board (the Delta aquifer) are considered to be relatively well understood. The knowledge that is
needed includes: aquifer size and boundaries, aquifer type, venickitaral connectivity,

geology and stratigraphy, and hydraulic conductivities and transmissivities.

The aquifers of the BHWSS are linked to the aquifers of the Delta, but there is little understanding
of thisstrength of thisinkage.Despite thighe ertire lower Burdekinneeds tde managed as one
system.

The BHWSS is hydrogeologically different from the high transmissivity aquifers of the Delta. Itis
also very complex, and the groundwater processes of recharge and discharge across the BHWSS
are veryvariable.

The groundwater systesmteract with the rivers and wetlands, either discharging to these systems
or being recharged by these systems. These dynamics change with time and over different time and
spatial scales and are also influenced by hosethiéferent systems are managed.

Groundwater behaviour and management has an important relationship with the marine saltwater
interface. The location of the salt water interface, and its dynamic behaviour, is poorly understood
and it representsfandamental control on water management options across the region.

2.2. Understanding the water and solute balance

The research undertaken in tbever Burdekinto date has not answered the fundamental question
o fwhdt is the water balance of the aquifees, in simple termsfihow much water flows in and

out of the aquifei and at what levels should the groundwater tables be maintained in terms of
both quantity and qualityndividuals have made considerable effort to undertake the required
science andasne excellent work has been done. Howetres work hasnostlybeen isolated and
disjointed. Without adequate knowledge of the water balance it is impossible to say how much
water can be added to the landscape (through irrigation) before water levelceaase

salinisation and waterlogging in the ramne and unacceptable discharge to the surface water
system and ultimately the marine environment. Specificatigwledge of the spatial and temporal
recharge and discharge rates from all sources isregqu

SINCLAIR KNIGHT MERZ PAGHE
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2.3. Groundwater Salinity

The soils and aquifers of thewer Burdekinregion contain substantial amounts of salts which can
affect crop production when in the root zone, as well as freshwater ecosystems when discharging to
rivers and wetlands. The knasdge that is required includes: areal distribution of saline and sodic
soils; salt stored in soils and aquifers, spatially and with depth; salinity of groundwater, spatially

and with depth; groundwater salinity trends in response to climate and landtendnamagement;
salinity dynamics under different irrigation and cropping regirwgytermeffects of treating

sodic soils; options for rasing and disposing of saline groundwater safely.

2.4. Nitrogen and Pesticide Levels in Groundwater

Nitrogen applicatin, as fertiliser for sugarcane has traditionally been high inltiveer Burdekin
often exceeding generally recommended prac8oee of this nitrogen can become stored in the
groundwater and later consumed as drinking water or discharged to riveasidsethd the Great
Barrier Reef GBR) Lagoon.

Preliminaryni t r ogen bal ance work is émissingd appro
indications that a significant proportion of tiiéssing nitrogemmaybe entering th&reat Barrier

Reef Lagoorvia groundwaterThis has significant implications for achievement of the goals of the

Reef Protection Plan, which is largely focussedaddressingurface water contaminant sources.

Similarly a range of pesticides have been used in cropping systemsdmal skecades. These
chemicals can be stored in soils and groundwater, change form and potentially leak into rivers,
wetlands and th&BR Lagoon. The knowledge that is required to manage nitrogen and pesticides
include: nitrogen application rates and catrevels of storageoncentrationand decayn
groundwaterthe identification of potential preferential flow paths such as old palaeochannels and
the rate of movement of nitrogen along palaeochannels and via diffuse discharge GB&the
Lagoon nitrogen trends in rivers, wetlands and @BR Lagoon quantification of the nitrogen
balance andycle for the region; history of pesticide use and application rates; pesticide levels in
soils and groundwater; and risk and potential impacts of pesticidendgimaition of rivers, wetlands
and theGBR Lagoon.

2.5. Disposing of Irrigation Drainage

Groundwater levels are rising rapidly in the BHWSS irrigation area and threatening the
sustainability of agricultural production. The irrigation scheme was not designed with an irrigation
drainage andrainagedisposal component and retrofitting is nowemty required. However there
are concerns that enhanced removal of excess water and salts from the irrigation area will also
transport agrochemicals which could adversely affect downstream ecosystems including parts of

SINCLAIR KNIGHT MERZ PAGE
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the Great Barrier Reef. This fundam@ conundrum requires significant and immediate research
effort to desigrand implemenappropriate solutions.

2.6. Groundwater Dependent Ecosystems

Groundwater, surface water and irrigation are hydrologically linked (Figuyed2alraft of
ecosystems, marof which are of environmental significance. Linked ecosystems incod®f
the largest concentrations of wetlands in eastern Austiadiarporating the Ramsdisted
Bowling Green BayVetland. Strong hydrological linkages also exist with the GreatdddReef
lagoon, and Bowling Green and Upstart bays, both of whicbectared Fish Habitat areas

:TOWNSVILLE

Guthalungra

Figure 2.1: Relationship between the lower Burdekin irrigation system and key
environmental assets. Arrows indicate direction of surface and groundwater flow.

Howevet little is known of the importanciatgroundwater processes play in controlling the

health of these fresh surface water and marine ecosystems. In addition thatgylundwater

plays in controlling the health of vegetation systesriaiigely unknown. The knowledgequired

includes: identification and descriptiofall groundwater dependent ecosystems; the water
requirements of nominated dependent ecosystems of importance to ensure their protection; and the
management requirementsachieve agreed ecological outcomes for groundwater dependent
ecosystems.
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2.7. Integrated Water Resource Management

One of the main objectives of tH&roundwater Science Pl@aimproving the integrated
management of water resources for the whamkeer Burdekinregion. This will involve (a) a good
scientific understanding of the physical, chemical and ecological aspects of the system; (b)
adequate tools for the integrated management of the system; and (c) sound institutional and
governance arrangementsdnsure sustainable water allocation and environmental protection.

SINCLAIR KNIGHT MERZ PAGE
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3. Goal, Objectives and Scope

3.1. Goal

This Groundwater Science Plan providestakeholdeendorsed framework and integrated
approach to knowledge investments that will meet currenfaedeeableesource management
needdo ensure the long term sustainability of tberer Burdekingroundwateand associated
systens.

3.2. Objectives

The objectives of this Groundwater Science Plan are:

1. To identify, articulate and promote a shared view ofatierity groundwater science needs of
thelower Burdekin

2. To generatand captur@ multiorganisational commitment towards addressing priority
groundwater science needs.

3. To provide a strategic focus for groundwater science investment liovibe Burdekn.

3.3. Scope

The geographic scope of this Groundwater Science Plan covers the area shown in Figure 3.1, and

includes the Burdekin Haughton Water Supply System (BHWSS), North Burdekin Water Board
and South Burdekin Water Board irrigatiareas

The issues coved by theGroundwater Science Plamclude:

A the fundamental hydrogeological knowledge ofltveer Burdekinaquifers

A the interaction of the groundwater system with all other water systems and infrastructure

A the ecosystems in the region dependent onflueinced by the groundwater systeand

A the interaction of the groundwater system with irrigation and all other water users.

SINCLAIR KNIGHT MERZ PAGELO
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Queensland
Lower Burdekin

Townzville

Birizbane

Burdekin River
Catchment

Figure 3.1 Geographic scope of the lower Burdekin Groundwater Science Plan (note that the
BHWSS includes the BRIA and the shaded area around Giru)
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4. Integrated Systems and Knowledge-Based
Asset Protection

A holistic, integrated systems approach to knowledge gathering, knowledge application and
management of tHewer Burdekingroundwatesystemss fundamental to protecting the
substantial assets of the region and achietliadhest possiblenvironmentaglsocialand economic
outcomes. ThiS&roundwater Science Plémcuses on the following key assets:

A Groundwater quality and groundwater consumetiolume

Protecting the consumptive uses of groundwater resources for urban/industrial, domestic,
stock and irrigation use both in terms of the volumes available for extraction and water
qualities that maintain these current beneficial uses.

A Groundwater épendent ecosystems (including the coastal floodplain, rivers & freshwater
wetlands and the marirenvironmernit

Protectinggroundwatedependent ecosysterfiem changes in groundwater quantity and
quality. Some of these ecosystems are completely grouetdapendent with others relying
on groundwater for just the drier periods of the year.

A Agricultural soils

Prevention of loss of productivity from irrigated land, and associated loss of income to
landholders.

Key biophysical assets and associated prigsgyes addressed by tildsoundwater Science Plan
are summarised and illustrated below in Figure 4.1.

SINCLAIR KNIGHT MERZ PAGEL2
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Key Biophysical Assets

Marine Environment

Priority Issues

1 Quantifying and
understanding value of
offshore groundwater
fluxesto the Great
Barrier Reef.
Understanding the risks
from land and water
management decisions
arising from changesto:
1 groundwater fluxes
1 groundwater &
surface water
chemistry & turbidity.
Disseminating the need
for aresilient
groundwater system in
contributingto the
health of the GBR

=

=

\
Estuaries, Goastal Hoodplain, Rivers
and Freshwater Wetlands

Priority Issues

1 ldentifying key groundwater
dependent ecosystems and their
status as natural or artificial
systems.

1 Understanding the hydrology of

GDEs & quantifying groundwater

fluxes necessary to maintain

ecological values.

Understanding the risks from land

and water management decisions

arising from changesto:

1 groundwater fluxes

1 groundwater & surface water
chemistry & turbidity.

Eficient and coordinated

monitoring requirementsto assess

the health of GDEs.

Disseminating the need for a

resilient groundwater system to

maintain the health of freshwater
and coastal GDEs.

=

=

=

|
Groundwater Quality

Priority Issues

1 Understanding the
beneficial (environmental
and consumptive) uses of
groundwater.

1 Understanding the risks of
groundwater
contamination from
agricultural chemicals.

1 Hficient and coordinated
water quality monitoring
program.

1 Development and
communication of best
management practices for
irrigated agricultural that
will avoid groundwater
contamination.

Figure 4.1 Key biophysical assets and associated priority issues

SINCLAIR KNIGHT MERZ

Agricultural Soils

Priority Issues

1 Understanding irrigated
areas at risk of land
salinisation arising from
shallow watertables.

1 The need for
economically and
environmentally viable
optionsto manage soil
salinity.

Groundwater Consumptive
Volume

Priority Issues

1 Sakeholder
understanding of the
tradeoffs between
consumptive volume and
ecological uses of
groundwater.

The need for agreed
water level targetsto
provide optimum
tradeoffs between
competing uses of
groundwater.

The need to provide
improved technical basis
for water sharing
arrangements within the
Burdekin Basin Water
Resource Plan.

=

=
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5.

Integrating Science Framework

The core knowledge gaps described in Section 2 and priority issues illustrated in Figure 4.1 are
addressed through a series of core projects described in some detail in Appehtxine
projects and their contribution to integrated science outcoreesiarmarised below:

1.

Development of an agreed conceptual groundwater modiakough a rigorous process of
conceptualisation and independpgeer review, the outcomes of tlisidyarethe foundation

for the acquisition of additional necessary data andekieldpment of guite of appropriate
numericalgroundwatemodek. It also provides the basis for sharing with stakeholders an
improved understanding of the groundwater system, and the stresses arising from land and
water management decisions.

Developmat of numerical groundwater flow and solute transport modefn integrated

suite of functional and reliable groundwater flow and transport méslals essential

planning and management tool in a hydrogeological environment where there are competing
values associated with the resource and potentially adverse impacts of land and water
management decisions.

Projects 1 & 2 allude to the fundamental need to develop and apply a groundwater model as
an underpinning science and management tool. The absenc af swclel has been a
major limitation to date.

Improved understanding of @limensional stratigraphy and salt storagéirborne
geophysics with associated grodmdthingwill assist in mapping the incidence of
freshwater, saline water and aquifer char@adion; the applicability of the technique to
resolving these data gaps is subject to the hydrogeological conditions (geology,
hydrochemistry) of the various aquifers.

Project 3 aims to address fundamental knowledge gaps about the nature of the aqdifers,

in particular the stratigraphy and salt distribution which imflbrm model conceptualisation

and subsequent projects involving salt management. This project will be particularly valuable
in gaining a better understanding of the marine saltwatefacte

Improved understanding of pundwater dependent ecosystems of lineer Burdekin A
comprehensive study to understand: (a) the key ecological values of the GDEs, (b) the
hydrology of the ecosystems and the extent to which they are dependent upaiwgiter
and (c) the threats posed by land and water management actions.

Project 4 targets many knowledge gaps surrounding potential linkages between groundwater
and dependent and influenced ecosystems.

Strategic review ofroundwatermonitoring arrangements within théower Burdekin A
reviewof current data collection and storage to: (a) identify key objectives (both long term
and short term) of monitoringncludingindicators;(b) ensure that all natural resource
monitoring programare integrated; (c) ensure the capture of critical parameters at an

SINCLAIRMIGHT MERZ PAGEL4



_SKM

appropriate frequencgyand(d) implement the program in an efficient and cost effective
manner.

Project 5 represents an important need to upgrade the monitoring of key variableshacross t
lower Burdekin and ensurésat data is collected to appropriate standards, is accessible to
users and has adequate long term security.

6. Development of farm management practices to minimise groundwater and soil
salinisation Develop understanding of tlextent and location of land salinisation arising
over the next 30 years, and current state of the art knowledge of agronomic and engineering
options to mitigate the cause and effect of irrigation induced land and water salinisation.

Project 6 recognisesdhthere is significantly more that can be achieved on farm to help
control water tables, salinisation and contamination with agrochemicals.

7. Developing an improved understanding of land and water management on the regional
water and salt balanceDevelopunderstanding of the impacts on groundwater flows and salt
transport arising from various land and water management options including current actions
via testing a range of scenarios.

Project 7 focuses on the importance of understanding regional watsolateldynamics,
and integrating across scales from the farm to catchment.

8. Development of ecologically sustainable agricultural drainage management options
incorporating an assessment of their impacts upon freshwater bodies, coastal floodplain and
marineenvironment, including the Great Barrier Reef.

Project 8 tackles the fundamental question of how to design safe drainage and disposal
options for salts and agrochemicals. This is essential for a sustainable future.

9. Risks associated with groundwater contamation from agricultural chemicals in thdower
Burdekin: Intensivecropping regimes require management of agrochemical contaminants to
maintain the beneficial use$ groundwateincluding both consumptive uses (urban and
possibly domestic and stogkater bores)and environmentalses (rivers, wetlands and the
marine environment).

Project 9 addresses the somewhat unrecognised issue of the quality of the groundwater
resourceper seand management of contaminants for beneficial uses such as drinking water.

As the priority projects are largely constructed around an interconnected groundwater system that
underpins the health tfie whole coastal floodplain aeach of the biophysical assets, knowledge
and decisions arising from each project will in many cagtgence the knowledge status of more
than one asset. Table 5.1 provides an overview of those assets for which significant knowledge
gain is anticipated from each project.

In realising the value of each project to land and water management of the reg@®rmuhdwater
Science Plaalso recognises that some projects will provide immediate knowledge to inform short
term management actions, whereas others provide data thealile continuous improvement

SINCLAIRMIGHT MERZ PAGELS
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and adaptive management over the medium to long term. The role@fadtedwater Science Plan

in contributing to both short and long term land and water management is illustrated in Figure 5.1.
The projects contained withiTable 5.1 are broadly in line with some elements of the knowledge
gathering, implementation and review cycle. Table 5.1 projects have therefore been colour coded to
match elements of the knowledge gathering process illustrated in Figure 5.1.
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Table 5.1 Priority projects and assets which will benefit from knowledge gains

Project | Project Namé Asset pe
No. Agricultural Groundwater Dependent Ecosystems (GO Groundwater | Groundwater
Soils Coastal Marine Rivers & Quality Supplies
Floodplain | Environment Fresh
Wetlands
1 | Developmentofan agreed conceprual model | K
2 Development of numerical groundwater floand solute K K K K
transportmodek
3 Improved understanding of 3D stratigraphy and salt storage K K K K K
K K K K K
K
7 Developing an improved understandinglafd andwater K K K K K K
managemenbn the regional water and salt balance
K K K K
K K K K

2 Names of some projects have been abbreviated.
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Current status of knowledge
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Strategic
monitoring
objectives,

actions &

responsibilities
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Understanding of consumptive and
environmental needs

Understanding of synergies and tradeoffs
between desired outcomes

Target groundwater levels

Educational tools for broad community
understanding of the groundwater system,
risks and best management practices

Development of a Management Action Plan
that delivers a healthy and resilient
groundwater system:

|l
1
1

Minimal impact upon ecosystems
Productive agricultural soils

Exsiting groundwater beneficial uses
maintained

Implementation

Management
Options

Figure 5.1 Process through which priority projects will inform management actions
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6. Monitoring and Evaluation

An important component of th@roundwater Science Pl@monitoring and evaluation (M&E) to
measure progress of the plan in achieving its objectives and owwcbingemonitoring and evaluation
processes will include assessment of:

A Success in achieving funding f@roundwater Science Plamtiatives

A Progress in meeting the Planb6s objectives
A Science quality achieved

Ao Timeliness of delivery of outputs in relation to needs for decisiaking

A  Effectiveness of knowledge management araptidn processes

A Effectiveness of the program's management

A Estimation of Return On Investment

A Assessment of Stakeholder satisfaction

A Assessment of the impact of the Plan in achieitsigoak.

A formal M&E strategy will be established that will providetimods and resources to assess the
above components, identify reporting processes and timing, and indicate how results of the M&E wiill
be addressed on an ongoing basis.
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7. Governance

For theGroundwater Science Plano b e ef f ect i ve, dagovermameastructere 6 o wr
to ensure appropriate implementation. The governance structure will address the following key
challenges:

A The need for regional coordination and integration due to the large number of stakeholders
involved;

A The scope and scale tble newGroundwater Science Plavith its wide range of project types;
and

A The capacity to effectively address the communication and adoption needs across the region,
agencies and stakeholders.

TheBurdekin Water Futures group will provide governance oversight for the delivery of the
Groundwater Science Plan

The governance framework for the development, review and delivery Girthumdwater Science
Planwill include:

A Management arrangements fimplementing the Plan (e.g. management committee or Board,
ExecutiveOfficer or ProgranManager)

A External technical guidance and advice

A Project management and scoping

A Decisionmaking processes (including voting rights)
A Managing conflicts of interest

A Reporing requirements

A Review and evaluation

A Independent auditing

A Adaptive management

A Quality assurance

A Technical (e.g. data, monitoring) protocols

A Financial management and accountahility
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Appendix A Project Briefs

The Groundwater Science Plan includéte specific projetbriefs that will form the foundation of
future research investment for the regidhe indicative cost of each project is shown in Table Al.

Linkagesand dependencid®tween these projects are illustratefigure Al This is followed by

project outlires which have been specified sufficiently to prepare briefs for proposals. Each outline

describes the context, scope, objectives, methodology, outputs, outcomes, timelindicatide

budgets associated with the work.

Table A1 Summary of project budgets

(Note that these are first-order, indicative budgets that may change with more detailed project scoping)

Project Indicative Budget
Number Year 1 Year 2 Year 3
1 $150k
2 $100k (scoping) $1.5m(model
$50k (model development)
development)
3 $75k $1-1.5m $1-1.5m
4 $300k
5 $20
6 $200k
7 $250k
8 $37k $375%
9 $200k
Total $2.575m $2.875- $3.375m $1.45¢ 1.95m
NOTES:

1. Table Al projects retain the same colour-coding used in Table 5.1, which in turn match
elements of the knowledge gathering process illustrated in Figure 5.1.

2. Project 4 does not include follow up work, data collection or quantitative evaluation of marine

GDEs

3. Project management costs are not included in the costs shown in Table Al

SINCLAIR KNIGHT MERZ
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Project 1. Development of an agreed conceptual groundwater model

1. Context/Motivation

Development of a conceptual model is the most fundamental step in a groundwataimsadigt
improving understanding and management of the groundwater system

A conceptal model is a simplified representation of the essential features of the physical
hydrogeological system and its hydrological behaviour to an adequate degree of detail. The
conceptual model is often presented graphicallysesias ofcrosssectiors or asa block diagram

with supporting documentation and parameter estimation. It includes the basis for parameter
estimation anéssociatedssumptions. Through a rigorous process of conceptualisation and
independent peer review, the outcomes of the studgharf®undations for the acquisition of

additional necessary datmdthe development of a numeriggioundwatemodel. It also provides

the basis for sharing with stakeholders an improved understanding of the groundwater system, and
the stresses arigj from land and water management decisions.

2. Scope

The project would be a desk based stadg build orthe existing hydrogeological understanding
andavailable datasets of thewer Burdekin

3. Objective(s)

A Establish the current understanding of gheundwater system so as to:
a) Identify the upper, lower and lateral extents of the groundwater flow system
b) Define their hydraulic properties
c) Assess theelationshipdetween groundwater and surface water
d) Establish the components of the water balance

e) Identify what additional data is necessary to achieve an adequate understanding of the
groundwatesystens

f) Communicate the current understandings of the groundwater system with key stakeholders
g) Establish the foundations fone or morenumerical groundwater model

A Inform the strategic monitoring review on critical groundwater data.

4. Methods
A Establish technical steering committee
a  Develop and agree on project plan & stakeholder engagement strategy
A Review existing draft groundwater conceptualisation model developB& B

A Data collation and initial hydrogeological interpretation
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6.

A Hydrogeological framework
A Hydrogeological stresses
A  Establish conceptual block diagram, isopach magpess sections etc.
A In accordance with stakeholder engagement strategy, seek comment on draft conceptualisation
A Propose modelling code
A Developgroundwatemodellingplan's

A Purpose of model, objective and anticipated level of model compléaxityding spatial
and temporal sdes

A Proposed model boundary conditions

A Model grids

A Model layers

A Profile slices

A Aquifer units and parameters

A Proposed components of the watad solutdudges

A Surface groundwater interact®hhow it is to be modelled, including the emergence of
permanent groundwater fed holes within ephemeral streams

A Cost estimates to develop robust numerical medel
A Recommendations to address critical data gaps including:

A long term monitoring requirementsder the strategic review of monitoring arrangements
(Project 5)

A Process for review and continuous improvement
A Independent peer review of the model

A Develop communication products including a 3D visual description of the groundwater system
to ensure broadnderstanding of the current status of knowledge.

Linked projects

Input to:
A Project21 Development of numerical groundwatkaw and solute transport models
A Project31 Improved understanding of 3D stratigraphysé&ltstorage
A Project 5 Strategic revievof groundwatemonitoring arrangements within thaver

Burdekin

Output(s)

3 Maps of the areal extent and thickness variation of stratigraphic units
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1 Conceptual groundwater model report

1 Recommended actions to gather additional data essential to establish an understanding of the

hydrogeological environment to an appropriate l@felomplexity

9 Communication products

7. Outcome(s)

This projectwill deliver the following knowledge and outcomes

Asset

Knowledge provided

Outcome

Agricultural soils
Coastal floodplain

Rivers &reshwater
wetlands

Groundwater resource
(quantity andquality)

Irrigation water supplies

Aquifer characterisation

Input to a numerical model to predict hig
water table areas, g/water discharge
zones, etc

Data gaps

Basis for targeted spatial data gathering
delineate and better define aquifer
characteristics

Targeted improvements in temporal datg
gathering to measure critical parameters
(e.g. compliance against agreed target
groundwater levels)

Simplified explanation of
complex hydrological
processes

Basis for improved stakeholder
understanding of factors and drivers
influencing the groundwater system and
the effects on consumptive and
environmental uses of the resource

8. Timeline
3-6 months
9. Budget
Year Indicative Budget
1 $150k
2
3
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Project 2: Development of numerical groundwater flow and solute
transport models

1. Context/Motivation

An integrated suite of functional and reliable groundwater flow and transport nwdalgssential
planning and management tool in a hydrogeologioalronment where there are competing values
associated with the resource and potentially adverse impacts of land and water management
decisions.

Upon development, the operational numerical fiowd solute transpomodek will enable
management options to be tested to provide an indication pbthatialhydrologicaland water
quality impacts of tradeofts

2. Scope

The project will concentrate upon the lower Burdekut, in some case=astern boundary conditions
may be extended welltim themarine environment so that estimates of groundwater fluxes (and
associated timeframes) in the vicinity of the Great Barrier Reef can be assessed.

3. Obijective(s)

To develop auite ofintegrated numericahodelling toos that assist in:

1) Providing a bais for formulating amendments to the Burdekin Basin Water Resource Plan
in regard to groundwater resources

2) Enhancing ouunderstanding of groundwater contaminduntes andoads to the GBR
Lagoon

3) Identification of need for and disposal of dewateringegain appropriate stiegional
water table levels and groundwater quality

4) Establish resource management performance targgtsnf@imumand maximum
groundwater leveland maximum groundwater quality levetsrxd management rules to
achieve those targets

5) The impact upon the groundwater resource of alternative surface water, groundwater
nutrientor salinity management options

6) Operational bore field management rules such as the distance from the coast to avoid
increasing advancement of seawater intrusiopuonping depth limits to avoid upconing

7) Identify common trading areas

8) Identify areas requiring water trading rules to protect existing uses (including the
environment)

9) Identify sustainable yield for each trading zone
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10) Investigate groundwatisurface wateinteractionsand further develop operational rules to
achieve desired recharge/discharge regimes

11) Examine reliability of current entitlements in the context of other groundwater use
objectives.

4, Methods

A The conceptualisation of the groundwater system (project 1) is an essential precursor to this
project, as it is the basis for the construction ofréugiirednumerical moded

A Establishtechnicalsteering committee

A Agree any variations to conceptual model based upon additiongbdatar understanding)
acquired since completion of the conceptualisation

A Undertake a scoping exercise, drawing on appropriate expertistalbdish level of complexity
of model requirerantsi possiblya number ofnodels required:

A Regional scale model for water resource/watertable management

A Finer scale mod&to assess sea water intrusiap-coning transport and fate of nutrients
(nitrogen) and salts

A Construct modés

A Calibrate modés

A Validate modek

A Conduct uncertainty assessngent

A Conduct sensitivity anales

A Peerreview

A Modifications based upon peer review

A Prepare finamodeling reporfsincorporating comments from peer review.

5. Linked projects

Inputsfrom:
A Project 1i Developmenbf an agreed conceptual groundwater model
Inputsto:

A Project 7i Developing an improved understanding of land and water management on the
regional water and salt balance

A Project 8 Development of eologicaly sustainable agricultural drainage management

A Project 9 Risks associated with groundwater contamination from agricultural chemicals in the
lower Burdekin
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6. Output(s)

A Groundwater modelling repdst

A Peer review repart

7. Outcome(s)

This projectwill deliver the following knowledge and outcomes

Asset

Knowledge provided

Outcome

Agricultural soils

Water and solutdluxesfrom
the Groundwater intahe
unsaturated zone

Tool to assist identification of areas at rig
from high watertables andalinisation,
andsubsurface drainage management
options

Coastal floodplain

Groundwater fluxes to the
coastal floodplain

Tool to assess groundwater extraction
limits to avoid unacceptable impacts on
coastal floodplain

Rivers & fresh wetlands

Groundwater fluxes to rivers
and fresh wetlands

Tool to assess gundwater extraction
limits and target water levels to avoid
unacceptable impacts on rivers and fresk
wetlands

Groundwater quality

Groundwater recharge rates

Movementof the salt water
front in the coastal zone

Movement of solutes within
and through the
groundwater systems

Tool to assess root zone drainage fluxes
below irrigated areas

Tool to test groundwater pumping desigr
and managemento control upconing

Tool to estimate limits on groundwater
extraction to avoid advancement tdie
salt water front inthe coastal zone

Tool to assess storage, transport and fat|
of nitrogen with the groundwater system;
and potential leakage into the neahore
marine environment

Groundwater quantity /
Irrigation water supplies

Estimates of groundwater
volumes andextraction rates

Tool to assess groundwater volumes ang
assist in setting and meeting water table
targets

Tool to assess water sharing arrangeme
to contribute to amendments to the
Burdekin Basin Water Resource Plan
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8. Timeline
1-2 years
9. Budget'
Year Indicative Budget
1 $100k (scoping)
$500k (model development)
2 $1.5m (model development)
3

* Proposed budget does not include project management costs and the possible costs of dataacquisitio
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Project 3: Improved understanding of 3D stratigraphy and salt
storage

1. Context/Motivation

Conceptual and numerical models require periodic review so as to provide for the emergence of new
data, and continuous improvements in hydrogeological understanding and model predictions. As
complementary data gathering projects have significant lag,timgating a major project to

provide long term improvements in the understanding ofotlver Burdekinrequires that this work

be initiated now to inform reviews of the conceptual and numerical models in the years to come.

One potential source of ato improve the understanding of thever Burdekinstratigraphy is
through the application of airborne geophysica
airborne data against-field measurements and additional information from radiongtnmgnetics

and digital elevation models lend new insights into salinity, groundwater flow systems and water
resourcesd (Dent 2007

Airborne geophysigawith associated grourtduthing may assist in mapping the incidence of
freshwater, saline watand aquifer characterisation however the applicability of the technique to
resolving these data gaps is subject to the hydrogeological conditions (geology, hydrochemistry) of
the various aquifers.

2. Scope

Phase 1

Identify the key aquifer characterisation/data gaps questions sought of AEM, and identify whether
AEM would contribute to filling these data gaps given the geological and geochemical environment
of thelower Burdekin

Phase 2

Subject to a positive outcarirom Phase 1, conduct an aerial electromagnetic survey loiibe
Burdekintargeted at answering key hydrogeological questions. Conduct appropriate data
interpretation and ground truthing.

3. Obijective(s)
A Provide a comprehensive spatial dataset setnttiat

A improve aquifer characterisation and conceptualisation (3D stratigraphy)

® Dent, D. 2007Environmental geophysics mapping salinity and water resourecgsrnational Journal of Applied
Earth Observation and Geoinformation. Volume 9, Issue 2, May 2007, Pag&8d.30
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A inform the next generation of models (which will require progressive improvement over
time) through improved accuracy of the distribution of aquifer parameters

A inform soil salhity and groundwater salinity risk mapping

A Inform the strategic monitoring program (project 5) particularly with regards to the
location of bores used to assess actual water level outcomes against targets and
groundwater quality within the coastal seater intrusion/groundwater interface.

4. Methods
Phase 1

A

A

Establish technical steering committee

Review application of data collated during the preparation of the conceptual model (project 1)
for ground truthing purposes

Stakeholder engagement on critical sfiens motivating the survey

Identify the key aquifer characterisation/data gaps questions sought of AEM, and identify
whether AEM would contribute to filling these data gaps given the geological and geochemical
environment of théower Burdekin

Providerecommendations on whether to proceed to Phase 2 based upon whether key data gaps
could be adequately informed by airborne geophysical techniques.

Phase 2

A

Subiject to the recommendations and findings from Phase 1, establish appropriate
instrumentation andada collection resolution

Engagement with community to inform them as to:
A What is the purpose of the project?

A What will the outcomes be?

A What will they see (eg low flying aircraft)?
Initiate AEM flights

Obtain additional ground truthing data includingwahohole electromagnetic measurements,
profile cores, pore fluid salinity, moisture content etc

Develop AEM products potentially including:

A Salt storage maps in the upper 5 metres of the soil profile

A Groundwater salinity flush zonesindicating rechargpathways

A Groundwater salinity stratification

A Delineation of sea water intrusion boundary (spatially and at depth)
A Delineation of palaeochannels

Reporting & Communication of outcomes
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5. Linked projects

Inputsfrom:

A Project 1i Development of aanceptuabroundwater model

Inputsto:

A Project 5 Strategiaeview ofgroundwatemonitoringarrangementwithin the lower

Burdekin

A Future improvements to the conceptual model (Project 2)

A Future improvements to the numerical madphrticularly modelling of seawar intrusion).

6. Output(s)

A Mapped salt storage within the landscape

A Mapped flush zones induced by natural and managed aquifer recharge.

A Improved aquifer characterisation including depth to bedrock.

A Significant clay impeding layers influencing recharge

A 3D extent of seawater intrusion (and associated risk areas of upconing).

7. Outcome(s)

This projectwill deliver the following knowledge and outcomes

Asset

Knowledge provided

Outcome

Agricultural soils
Coastal floodplain
Rivers & fresh wetlands

Groundwater quality

Aquifer characterisation

Aquifer flush zones
Recharge zones and
recharge impeding
zones

A Water salinity
stratification

A Alluvial/Bedrock
boundaries

Input to future updates of the conceptual
groundwater model & numerical
groundwater model

Development of a-® visualisation model
to support groundwater model
development and application and
communication about groundwater issue|
with a broad range of land and water
managers and the broader community

Extent of salt water intrusion

Basis fotargeted spatial data gathering t
delineate and better define aquifer

characteristics including 3D distribution ¢
coastal salt water front.

Targeted improvements in temporal data
gathering to measure critical parameters
(e.g. compliance against agreedrtget
groundwater levels)
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8. Timeline

Three years

9. Budget
Year Indicative Budget
1 Phase I $60,000
2 Phase 2 $1-1.5m
3 Phase 2 $1-1.5m
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Project 4: Improved understanding of groundwater dependent
ecosystems of the lower Burdekin

1. Context/Motivation

Thelower Burdekinis well endowed with rivers and wetlands of national and international
importance. These systems lie downstream of the irrigation areas and hence are at risk of altered
flow regimes and contaminants arising from irrigation activities. The groundwatendient
ecosystems of tHewer Burdekinand their water requirements have attracted little study to date.
Key GDEs for the lower Burdekin include:

A Riverbasdlows (and the ecosystems supported by these baseflows)
A Groundwater dependent vegetation

A Aquifer stygofauna

A  Coastal and marine ecosystems

A Wetlands receiving groundwater inflows or an expression of the watertable

A comprehensive study is required to understand:
A the key ecological values of the GDEs
A the hydrology of the ecosystems and the extenthiolwthey are dependent upon groundwater

A the threats posed by land and water management actions

2. Scope

The project will cover all known GDEs within the lower Burdekin including rivers, wetlands, coastal
floodplain, estuaries and the marine environment.

3. Obijective(s)
The objectives of this project are to:

A Assess key GDEs in the study area in relation to their condition, conservation significance,
ecological value and degree of dependence on groundwater

A Make recommendations on the groundwater regime nagdsssustain the identified
GDEs

Ao Develop recommendations on the impact of groundwater regime changes on identified
GDEs, and implications of water planning scenarios on GDEs

4. Methods

A Assessment of Background InformatioReview of all available backgrodnnformation
including initial work completed bPERM
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