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Executive Summary 

The lower Burdekin is Australiaôs foremost irrigation user of groundwater and northern Australiaôs 

largest irrigation area at 80,000 hectares. The region generates more than $450 million in gross 

value of production from irrigated sugar and horticulture. It is also home to substantial areas of 

high cultural and environmental significance, with one of the largest concentrations of wetlands in 

eastern Australia, including the Ramsarïlisted Bowling Green Bay Wetland, and a marine 

environment comprising the Great Barrier 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 the emerging threats to the region by underpinning 

planning and decision-making with sound science. Past research has been valuable but somewhat 

ad hoc, and the BWF has driven the development of this integrated but targeted lower Burdekin 

Groundwater Science Plan to form the framework for future investment at national, state and local 

levels. By clearly identifying key assets and articulating core knowledge needs, this Groundwater 

Science Plan, incorporating specific project briefs, aims to secure the knowledge to manage the 

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

This Groundwater Science Plan adopts a whole of system approach that recognises key assets to 

ensuring the long term sustainability of the groundwater resources of the lower Burdekin and their 

dependent agriculture and aquatic ecosystems. The biophysical assets targeted for protection 

include the following: 

Â Groundwater quality and groundwater consumptive volume 

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 current and potentially future beneficial uses. 

 

Â Groundwater dependent ecosystems (including the coastal floodplain, rivers & freshwater 

wetlands and the marine environment) 

Protecting groundwater dependent ecosystems from changes in groundwater quantity and 

quality.  Some of these ecosystems are completely groundwater-dependent with others relying 

on groundwater for just the drier periods of the year, with others including some of the 

wetlands and marine environment vulnerable to discharges of groundwater containing 

contaminants such as nitrogen.  

 

Â Agricultural soils 

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

landholders. The gross value of production from sugar and horticulture in the lower Burdekin 

has been estimated in excess of $450 million per annum. 
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The key threats to sustainability are: 

¶ Rising water tables (resulting in waterlogging) and salinisation 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 interface in response to falling water tables due to overuse 

of groundwater and/or rising sea levels due to climate change. 

¶ Groundwater contamination as a result of application of excess nutrients and agrochemicals. 

¶ Degradation of groundwater dependent ecosystems resulting from modified flow regimes and 

pollutants. 

 

Other threats considered to a lesser degree in this Groundwater Science Plan include climate 

change, invasive pests and weeds, and non-salt related aspects of soil health. 

The achievement of the long term sustainability of the lower Burdekin groundwater system 

requires a holistic, integrated systems approach to knowledge gathering, knowledge application and 

system management. This Groundwater Science Plan is based on holistic, integrated thinking, 

underpinned by a set of core projects that will deliver on a clear set of over-riding objectives. The 

core projects are: 

1. Development of an agreed conceptual groundwater model 

2. Development of numerical groundwater flow and solute transport models  

3. Improved understanding of 3D stratigraphy and salt storage. 

4. Improved understanding of groundwater dependent ecosystems of the lower Burdekin  

5. Strategic review of groundwater monitoring arrangements within the lower Burdekin  

6. Development of farm management practices to minimise groundwater and soil salinisation 

7. Developing an improved understanding of land and water management on the regional water 

and salt balance  

8. Development of ecologically sustainable agricultural drainage management options 

9. Risks associated with groundwater contamination from agricultural chemicals in the lower 

Burdekin 
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1. Context 

1.1. Background to irrigation in the lower Burdekin  

The lower Burdekin is Australiaôs foremost irrigation user of groundwater and northern Australiaôs 

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 River Irrigation Area after 

World War II.  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. Surface water irrigation commenced in 1885 on the highly 

transmissive and fertile Burdekin River Delta but was supplemented by groundwater by 1887. By 

the mid-1890s over 2000 ha of the Delta was being irrigated using both surface and groundwater.  

The expansion of the sugar industry was ad-hoc 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 Burdekin Water Boards 

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 River 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 in the region collapsed 

and these farms converted to sugar cane. A second lot of blocks in the Old Clare district (then 

called the Burdekin River Irrigation Area - BRIA) was released in 1968 for growing rice. The area 

under rice peaked at 3,872 ha in 1971 but since 1989 sugar cane has been the primary crop in all 

districts. In 1965 irrigated agriculture commenced in Mona Park, the first area to extract 

ósubstantialô quantities of groundwater for agriculture in the BRIA. In 1979 the Clare Weir (8000 

ML) was completed to 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 completion of the 

Burdekin Falls Dam and the Haughton and Barratta Main channels.   

The lower Burdekin is a conjunctive water use scheme (i.e., water is sourced from both surface and 

groundwater), though the Delta region uses mainly groundwater (80-90%) and the BHWSS uses 

mainly surface water (80%).  
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1.2. Background to the lower Burdekin Groundwater Science Plan 

In 2007 the Burdekin Water Futures (BWF) group
1
 was established to provide an ongoing 

mechanism for dialogue between land and water management organisations and key stakeholders 

in the lower Burdekin catchment.  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 in the lower Burdekin. 

The BWF believes that additional, co-ordinated science investment is critical to achieving long-

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 sees this Groundwater Science 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 increasing need for research tailored to specific environmental 

and regulatory problems. To maximise the effectiveness of this Groundwater Science Plan and 

limited research funding, óownershipô of the Plan by the science, management and general 

community is critical to its long term success. Principal supporters and beneficiaries of the 

Groundwater Science Plan include the BWF and its constituent member organisations, together 

with science providers and funders, water managers and users, and federal and state government 

agencies.  

The lower Burdekin Groundwater 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 ecosystems. 

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 this Groundwater Science Plan will support the 

resolution of management questions and help achieve management objectives. Among other things, 

the Groundwater Science Plan will enhance long term economic, environmental and social 

resilience of the lower Burdekin, by: 

¶ supporting water resource planning through an enhanced understanding of groundwater-

surface water, and water quality-water quantity interactions; 

                                                      

1
 Membership of the BWF currently comprises senior representatives from the North and South Burdekin Water Boards, 

the Queensland Department of Environment and Resource Management, Sunwater, Burdekin Shire Council, CSIRO / 

CRC Irrigation Futures, BSES Pty Ltd, BRIA Irrigators Committee, Canegrowers Burdekin and the NQ Dry Tropics. 
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¶ informing the development of groundwater level and quality targets in the BRIA Five-Year 

Groundwater Management Plan; 

¶ supporting the achievement of the Reef Water Quality Protection Plan objectives through an 

enhanced understanding of groundwater contaminant loads to the Great Barrier Reef Lagoon; 

¶ protecting the integrity of human drinking water supplies; 

¶ optimising the management of the saltwater interface; and 

¶ maintaining the agricultural productive capability of land threatened by salinisation. 
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2. Core Knowledge Gaps 

The core knowledge gaps for the sustainable management of the lower Burdekin groundwater 

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 

understood, 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, vertical and lateral 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 this strength of this linkage. Despite this the entire lower Burdekin needs to be managed as one 

system.  

The BHWSS is hydrogeologically different from the high transmissivity aquifers of the Delta.  It is 

also very complex, and the groundwater processes of recharge and discharge across the BHWSS 

are very variable. 

The groundwater systems interact 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 how these different 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 represents a fundamental control on water management options across the region. 

 

2.2. Understanding the water and solute balance 

The research undertaken in the lower Burdekin to date has not answered the fundamental question 

of ñwhat is the water balance of the aquifersò or, in simple terms, ñhow much water flows in and 

out of the aquifersò, and at what levels should the groundwater tables be maintained in terms of 

both quantity and quality. Individuals have made considerable effort to undertake the required 

science and some excellent work has been done. However, this work has mostly been 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 levels rise to cause 

salinisation and waterlogging in the root zone and unacceptable discharge to the surface water 

system and ultimately the marine environment. Specifically, knowledge of the spatial and temporal 

recharge and discharge rates from all sources is required. 
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2.3. Groundwater Salinity 

The soils and aquifers of the lower Burdekin region 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 knowledge 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 land and water management; 

salinity dynamics under different irrigation and cropping regimes; long-term effects of treating 

sodic soils; options for re-using and disposing of saline groundwater safely. 

 

2.4. Nitrogen and Pesticide Levels in Groundwater 

Nitrogen application, as fertiliser, for sugarcane has traditionally been high in the lower Burdekin; 

often exceeding generally recommended practice. Some of this nitrogen can become stored in the 

groundwater and later consumed as drinking water or discharged to rivers, wetlands and the Great 

Barrier Reef (GBR) Lagoon.  

Preliminary nitrogen balance work is ómissingô approximately 50% of nitrogen. There are strong 

indications that a significant proportion of this missing nitrogen may be entering the Great Barrier 

Reef Lagoon via groundwater. This has significant implications for achievement of the goals of the 

Reef Protection Plan, which is largely focussed on addressing surface water contaminant sources. 

Similarly a range of pesticides have been used in cropping systems for several decades. These 

chemicals can be stored in soils and groundwater, change form and potentially leak into rivers, 

wetlands and the GBR Lagoon. The knowledge that is required to manage nitrogen and pesticides 

include: nitrogen application rates and current levels of storage, concentrations and decay in 

groundwater; the identification of potential preferential flow paths such as old palaeochannels and 

the rate of movement of nitrogen along palaeochannels and via diffuse discharge into the GBR 

Lagoon;  nitrogen trends in rivers, wetlands and the GBR Lagoon; quantification of the nitrogen 

balance and cycle for the region; history of pesticide use and application rates; pesticide levels in 

soils and groundwater; and risk and potential impacts of pesticide contamination of rivers, wetlands 

and the GBR 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 and drainage disposal component and retrofitting is now urgently 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 
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the Great Barrier Reef. This fundamental conundrum requires significant and immediate research 

effort to design and implement appropriate solutions. 

 

2.6. Groundwater Dependent Ecosystems 

Groundwater, surface water and irrigation are hydrologically linked (Figure 2.1) to a raft of 

ecosystems, many of which are of environmental significance. Linked ecosystems include one of 

the largest concentrations of wetlands in eastern Australia, incorporating the Ramsar-listed 

Bowling Green Bay Wetland. Strong hydrological linkages also exist with the Great Barrier Reef 

lagoon, and Bowling Green and Upstart bays, both of which are Declared Fish Habitat areas.  

 

Figure 2.1: Relationship between the lower Burdekin irrigation system and key 

environmental assets. Arrows indicate direction of surface and groundwater flow. 

 

However, little is known of the importance that groundwater processes play in controlling the 

health of these fresh surface water and marine ecosystems.  In addition the role that groundwater 

plays in controlling the health of vegetation systems is largely unknown. The knowledge required 

includes: identification and description of all groundwater dependent ecosystems; the water 

requirements of nominated dependent ecosystems of importance to ensure their protection; and the 

management requirements to achieve agreed ecological outcomes for groundwater dependent 

ecosystems. 
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2.7. Integrated Water Resource Management 

One of the main objectives of this Groundwater Science Plan is improving the integrated 

management of water resources for the whole lower Burdekin region. 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 arrangements to ensure sustainable water allocation and environmental protection. 
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3. Goal, Objectives and Scope 

 

3.1. Goal 

This Groundwater Science Plan provides a stakeholder-endorsed framework and integrated 

approach to knowledge investments that will meet current and foreseeable resource management 

needs to ensure the long term sustainability of the lower Burdekin groundwater and associated 

systems. 

 

3.2. Objectives 

The objectives of this Groundwater Science Plan are: 

1. To identify, articulate and promote a shared view of the priority groundwater science needs of 

the lower Burdekin. 

2. To generate and capture a multi-organisational commitment towards addressing priority 

groundwater science needs. 

3. To provide a strategic focus for groundwater science investment in the lower Burdekin. 

 

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 irrigation areas. 

The issues covered by the Groundwater Science Plan include: 

Â the fundamental hydrogeological knowledge of the lower Burdekin aquifers; 

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

Â the ecosystems in the region dependent on or influenced by the groundwater system; and 

Â the interaction of the groundwater system with irrigation and all other water users. 
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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 the lower Burdekin groundwater systems is fundamental to protecting the 

substantial assets of the region and achieving the best possible environmental, social and economic 

outcomes.  This Groundwater Science Plan focuses on the following key assets: 

Â Groundwater quality and groundwater consumptive volume 

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. 

Â Groundwater dependent ecosystems (including the coastal floodplain, rivers & freshwater 

wetlands and the marine environment) 

Protecting groundwater dependent ecosystems from changes in groundwater quantity and 

quality.  Some of these ecosystems are completely groundwater-dependent with others relying 

on groundwater for just the drier periods of the year.  

Â Agricultural soils 

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

landholders. 

Key biophysical assets and associated priority issues addressed by this Groundwater Science Plan 

are summarised and illustrated below in Figure 4.1. 
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Key Biophysical Assets

Marine Environment
Estuaries, Coastal Floodplain, Rivers 

and Freshwater Wetlands 
Groundwater Quality Agricultural Soils

Groundwater Consumptive 
Volume

Priority Issues

¶ Quantifying and 
understanding value of 
offshore groundwater 
fluxes to the Great 
Barrier Reef.

¶ Understanding the risks 
from land and water 
management decisions 
arising from changes to:
¶  groundwater fluxes
¶ groundwater  & 

surface water 
chemistry & turbidity.

¶ Disseminating the need 
for a resilient 
groundwater system in 
contributing to the 
health of the GBR.

Priority Issues

¶ Identifying key groundwater 
dependent ecosystems and their 
status as natural or artificial 
systems.

¶ Understanding the hydrology of 
GDEs & quantifying groundwater 
fluxes necessary to maintain 
ecological values.

¶ Understanding the risks from land 
and water management decisions 
arising from changes to:
¶  groundwater fluxes
¶ groundwater  & surface water 

chemistry & turbidity.
¶ Efficient and coordinated 

monitoring requirements to assess 
the health of GDEs.

¶ Disseminating the need for a 
resilient groundwater system to 
maintain the health of freshwater 
and coastal GDEs.

Priority Issues

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

¶ Understanding the risks of 
groundwater 
contamination from 
agricultural chemicals.

¶ Efficient and coordinated 
water quality monitoring 
program. 

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

Priority Issues

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

¶ The need for 
economically and 
environmentally viable 
options to manage soil 
salinity.

Priority Issues

¶ Stakeholder 
understanding of the 
tradeoffs between 
consumptive volume and 
ecological uses of 
groundwater.

¶ The need for agreed 
water level targets to 
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.

 

Figure 4.1 Key biophysical assets and associated priority issues 
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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 Appendix A.  The nine 

projects and their contribution to integrated science outcomes are summarised below: 

1. Development of an agreed conceptual groundwater model: Through a rigorous process of 

conceptualisation and independent peer review, the outcomes of this study are the foundation 

for the acquisition of additional necessary data and the development of a suite of appropriate 

numerical groundwater models.    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. 

2. Development of numerical groundwater flow and solute transport models: An integrated 

suite of functional and reliable groundwater flow and transport models is an 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 absence of such a model has been a 

major limitation to date. 

3. Improved understanding of 3-dimensional stratigraphy and salt storage: Airborne 

geophysics with associated ground-truthing will  assist in mapping the incidence of 

freshwater, saline water and aquifer characterisation; 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 aquifers, and 

in particular the stratigraphy and salt distribution which will inform model conceptualisation 

and subsequent projects involving salt management. This project will be particularly valuable 

in gaining a better understanding of the marine saltwater interface. 

4. Improved understanding of groundwater dependent ecosystems of the lower 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 upon groundwater 

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. 

5. Strategic review of groundwater monitoring arrangements within the lower Burdekin: A 

review of current data collection and storage to: (a) identify key objectives (both long term 

and short term) of monitoring, including indicators; (b) ensure that all natural resource 

monitoring programs are integrated; (c) ensure the capture of critical parameters at an 



 

SINCLAIR KNIGHT MERZ      PAGE 15 

appropriate frequency; and (d) implement the program in an efficient and cost effective 

manner.  

Project 5 represents an important need to upgrade the monitoring of key variables across the 

lower Burdekin and ensures that 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 the extent 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 recognises that there 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 balance: Develop understanding 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 water and solute dynamics, 

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 

marine environment, 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 contamination from agricultural chemicals in the lower 

Burdekin:  Intensive cropping regimes require management of agrochemical contaminants to 

maintain the beneficial uses of groundwater including both consumptive uses (urban and 

possibly domestic and stock-water bores) and environmental uses (rivers, wetlands and the 

marine environment). 

Project 9 addresses the somewhat unrecognised issue of the quality of the groundwater 

resource per se and 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 of the whole coastal floodplain and each of the biophysical assets, knowledge 

and decisions arising from each project will in many cases influence 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 region, the Groundwater 

Science Plan also recognises that some projects will provide immediate knowledge to inform short 

term management actions, whereas others provide data that will enable continuous improvement 
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and adaptive management over the medium to long term. The role of the Groundwater Science Plan 

in contributing to both short and long term land and water management is illustrated in Figure 5.1. 

The projects contained within Table 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. 



 

SINCLAIR KNIGHT MERZ         PAGE 17 

 

Table 5.1 Priority projects and assets which will benefit from knowledge gains 

Project 
No. 

Project Name
2
 Asset Type 

Agricultural 
Soils 

Groundwater Dependent Ecosystems (GDE) Groundwater 
Quality 

Groundwater 
Supplies 

Coastal 
Floodplain  

Marine 
Environment 

Rivers & 
Fresh 

Wetlands 

1 Development of an agreed conceptual model Ҟ Ҟ  Ҟ Ҟ Ҟ 

2 Development of numerical groundwater flow and solute 
transport models 

Ҟ Ҟ Ҟ Ҟ Ҟ Ҟ 

3 Improved understanding of 3D stratigraphy and salt storage Ҟ Ҟ  Ҟ Ҟ Ҟ 

4 Improved understanding of groundwater dependent ecosystems 
of the lower Burdekin 

 Ҟ  Ҟ   

5 Strategic review of groundwater monitoring arrangements 
within the lower Burdekin 

Ҟ Ҟ  Ҟ Ҟ Ҟ 

6 Development of farm management practices to minimise 
groundwater and soil salinisation 

Ҟ      

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

Ҟ Ҟ Ҟ Ҟ Ҟ Ҟ 

8 Development of ecologically sustainable agricultural drainage 
management options 

Ҟ Ҟ Ҟ Ҟ   

9 Risk associated with groundwater contamination from 
agricultural chemicals in the lower Burdekin. 

 Ҟ Ҟ Ҟ Ҟ  

                                                      

2
 Names of some projects have been abbreviated. 
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Current status of knowledge

Data collation and 

analysis

Conceptualisation of groundwater 

System

Modelling Mapping 
Management 

Options

Development of a Management Action Plan 

that delivers a healthy and resilient 

groundwater system:

¶ Minimal impact upon ecosystems

¶ Productive agricultural soils

¶ Exsiting groundwater beneficial uses 

maintained

Key deliverables:

¶ 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

Implementation

Review

Strategic 

monitoring 

objectives, 

actions & 

responsibilities

Improved understanding 

of 3D stratigraphy & salt 

storage

 

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

An important component of the Groundwater Science Plan is monitoring and evaluation (M&E) to 

measure progress of the plan in achieving its objectives and outcomes. The monitoring and evaluation 

processes will include assessment of:  

Â Success in achieving funding for Groundwater Science Plan initiatives 

Â Progress in meeting the Planôs objectives 

Â Science quality achieved 

Â Timeliness of delivery of outputs in relation to needs for decision-making 

Â Effectiveness of knowledge management and adoption processes 

Â Effectiveness of the program's management 

Â Estimation of Return On Investment 

Â Assessment of Stakeholder satisfaction 

Â Assessment of the impact of the Plan in achieving its goals. 

 

A formal M&E strategy will be established that will provide methods and resources to assess the 

above components, identify reporting processes and timing, and indicate how results of the M&E will 

be addressed on an ongoing basis. 
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7. Governance 

For the Groundwater Science Plan to be effective, it requires óownershipô and a governance structure 

to ensure appropriate implementation.  The governance structure will address the following key 

challenges: 

Â The need for regional coordination and integration due to the large number of stakeholders 

involved; 

Â The scope and scale of the new Groundwater Science Plan with its wide range of  project types; 

and 

Â The capacity to effectively address the communication and adoption needs across the region, 

agencies and stakeholders. 

 

The Burdekin Water Futures group will provide governance oversight for the delivery of the 

Groundwater Science Plan. 

 

The governance framework for the development, review and delivery of the Groundwater Science 

Plan will include:  

Â Management arrangements for implementing the Plan (e.g. management committee or Board, 

Executive Officer or Program Manager) 

Â External technical guidance and advice 

Â Project management and scoping 

Â Decision-making processes (including voting rights) 

Â Managing conflicts of interest 

Â Reporting requirements 

Â Review and evaluation 

Â Independent auditing 

Â Adaptive management 

Â Quality assurance 

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

Â Financial management and accountability. 
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Appendix A Project Briefs 

The Groundwater Science Plan includes nine specific project briefs that will form the foundation of 

future research investment for the region. The indicative cost of each project is shown in Table A1. 

Linkages and dependencies between these projects are illustrated in Figure A1. This is followed by 

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

describes the context, scope, objectives, methodology, outputs, outcomes, timelines and indicative 

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 
Number 

Indicative Budget 

Year 1 Year 2 Year 3 

1 $150k   

2 $100k (scoping) 

$500k (model 
development) 

$1.5m (model 
development) 

 

3 $75k $1-1.5m $1-1.5m 

4 $300k   

5 $200k   

6   $200k 

7   $250k 

8 $375k $375k  

9 $200k   

Total $2.575m $2.875 - $3.375m $1.45 ς 1.95m 

 

NOTES:  

1. Table A1 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 A1 
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Project 1

Conceptual Groundwater 

Model

Project 2

Numerical 

Groundwater Model

Project 7

Impact of land & 

water management 

on the regional water 

and salt balance

Project 5

Strategic review of groundwater 

monitoring requirements

Project 3

Improved understanding of 3D 

stratigraphy & salt storage

Project 4

GDEs of the Lower 

Burdekin

Project 9

Risks of groundwater contamination

Project 6

Farm management 

to minimise 

groundwater and 

soil salinisation

Project 8

Ecological sustainable 

agricultural drainage 

management

Groundwater flow modelling

Deliniate coastal seawater intrusion

 

Â Figure A1 Project relationships and dependencies
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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 groundwater study aimed at 

improving understanding and management of the groundwater system. 

A conceptual 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 graphically as a series of cross-sections or as a block diagram 

with supporting documentation and parameter estimation.  It includes the basis for parameter 

estimation and associated assumptions.  Through a rigorous process of conceptualisation and 

independent peer review, the outcomes of the study are the foundations for the acquisition of 

additional necessary data, and the development of a numerical groundwater model.    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. 

2. Scope 

The project would be a desk based study and build on the existing hydrogeological understanding 

and available datasets of the lower Burdekin. 

3. Objective(s) 

Â Establish the current understanding of the groundwater system so as to: 

a) Identify the upper, lower and lateral extents of the groundwater flow system 

b) Define their hydraulic properties 

c) Assess the relationships between 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 

groundwater systems 

f) Communicate the current understandings of the groundwater system with key stakeholders 

g) Establish the foundations for one or more numerical groundwater models 

Â Inform the strategic monitoring review on critical groundwater data. 

4. Methods 

Â Establish technical steering committee 

Â Develop and agree on project plan & stakeholder engagement strategy 

Â Review existing draft groundwater conceptualisation model developed by DERM 

Â Data collation and initial hydrogeological interpretation 
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Â Hydrogeological framework 

Â Hydrogeological stresses 

Â Establish conceptual block diagram, isopach maps
3
, cross sections etc. 

Â In accordance with stakeholder engagement strategy, seek comment on draft conceptualisation 

Â Propose modelling code 

Â Develop groundwater modelling plan/s 

Â Purpose of model, objective and anticipated level of model complexity, including spatial 

and temporal scales 

Â Proposed model boundary conditions 

Â Model grids 

Â Model layers 

Â Profile slices 

Â Aquifer units and parameters 

Â Proposed components of the water and solute budgets 

Â Surface groundwater interactions ï how it is to be modelled, including the emergence of 

permanent groundwater fed holes within ephemeral streams 

Â Cost estimates to develop robust numerical model/s 

Â Recommendations to address critical data gaps including: 

Â long term monitoring requirements under the strategic review of monitoring arrangements 

(Project 5) 

Â Process for review and continuous improvement 

Â Independent peer review of the model 

Â Develop communication products including a 3D visual description of the groundwater system 

to ensure broad understanding of the current status of knowledge. 

5. Linked projects 

Input to: 

Â Project 2 ï Development of numerical groundwater flow and solute transport models 

Â Project 3 ï Improved understanding of 3D stratigraphy & salt storage 

Â Project 5 - Strategic review of groundwater monitoring arrangements within the lower 

Burdekin. 

6. Output(s) 

                                                      

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

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

hydrogeological environment to an appropriate level of complexity 

¶ Communication products. 

7. Outcome(s) 

This project will deliver the following knowledge and outcomes: 

Asset Knowledge provided Outcome 

Agricultural soils 

 Coastal floodplain 

Rivers & Freshwater 

wetlands 

Groundwater resource 

(quantity and quality) 

Irrigation water supplies 

Aquifer characterisation 

 

Input to a numerical model to predict high 

water table areas, g/water discharge 

zones, etc. 

Data gaps Basis for targeted spatial data gathering to 

delineate and better define aquifer 

characteristics 

Targeted improvements in temporal data 

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 models is an 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. 

Upon development, the operational numerical flow and solute transport models will enable 

management options to be tested to provide an indication of the potential hydrological and water 

quality impacts of tradeoffs. 

2. Scope 

The project will concentrate upon the lower Burdekin, but in some cases eastern boundary conditions 

may be extended well into the marine environment so that estimates of groundwater fluxes (and 

associated timeframes) in the vicinity of the Great Barrier Reef can be assessed. 

3. Objective(s) 

To develop a suite of integrated numerical modelling tools that assist in: 

1) Providing a basis for formulating amendments to the Burdekin Basin Water Resource Plan 

in regard to groundwater resources 

2) Enhancing our understanding of groundwater contaminant fluxes and loads to the GBR 

Lagoon 

3) Identification of need for and disposal of dewatering to regain appropriate sub-regional 

water table levels and groundwater quality 

4) Establish resource management performance targets (e.g. minimum and maximum 

groundwater levels and maximum groundwater quality levels) and management rules to 

achieve those targets 

5) The impact upon the groundwater resource of alternative surface water, groundwater, 

nutrient or salinity management options 

6) Operational bore field management rules such as the distance from the coast to avoid 

increasing advancement of seawater intrusion, or pumping 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 groundwater/surface water interactions and 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  

Â The conceptualisation of the groundwater system (project 1) is an essential precursor to this 

project, as it is the basis for the construction of the required numerical models 

Â Establish technical steering committee 

Â Agree any variations to conceptual model based upon additional data (and/or understanding) 

acquired since completion of the conceptualisation 

Â Undertake a scoping exercise, drawing on appropriate expertise, to establish level of complexity 

of model requirements ï possibly a number of models required: 

Â Regional scale model for water resource/watertable management 

Â Finer scale model/s to assess sea water intrusion, up-coning, transport and fate of nutrients 

(nitrogen) and salts 

Â Construct model/s 

Â Calibrate model/s 

Â Validate model/s 

Â Conduct uncertainty assessments 

Â Conduct sensitivity analyses 

Â Peer review 

Â Modifications based upon peer review 

Â Prepare final modelling report/s incorporating comments from peer review. 

5. Linked projects 

Inputs from: 

Â Project 1 ï Development of an agreed conceptual groundwater model 

Inputs to: 

Â Project 7 ï Developing an improved understanding of land and water management on the 

regional water and salt balance 

Â Project 8 ï Development of ecologically sustainable agricultural drainage management 

Â Project 9 - Risks associated with groundwater contamination from agricultural chemicals in the 

lower Burdekin. 
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6. Output(s) 

Â Groundwater modelling report/s 

Â Peer review report. 

7. Outcome(s) 

This project will deliver the following knowledge and outcomes: 

Asset Knowledge provided Outcome 

Agricultural soils Water and solute fluxes from 

the Groundwater into the 

unsaturated zone.  

Tool to assist identification of areas at risk 

from high watertables and salinisation, 

and subsurface 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 groundwater extraction 

limits and target water levels to avoid 

unacceptable impacts on rivers and fresh 

wetlands 

Groundwater quality Groundwater recharge rates  

Movement of 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 design 

and management to control upconing 

Tool to estimate limits on groundwater 

extraction to avoid advancement of the 

salt water front in the coastal zone  

Tool to assess storage, transport and fate 

of nitrogen with the groundwater systems 

and potential leakage into the near-shore 

marine environment 

Groundwater quantity / 

Irrigation water supplies 

Estimates of groundwater 

volumes and extraction rates  

Tool to assess groundwater volumes and 

assist in setting and meeting water table 

targets 

Tool to assess water sharing arrangements 

to contribute to amendments to the 

Burdekin Basin Water Resource Plan 
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8. Timeline 

1-2 years  

9. Budget
4
 

Year Indicative Budget 

1 $100k (scoping) 

$500k (model development) 

2 $1.5m (model development) 

3  

 

                                                      

4
 Proposed budget does not include project management costs and the possible costs of data acquisition. 
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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 times, initiating a major project to 

provide long term improvements in the understanding of the lower Burdekin requires that this work 

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

One potential source of data to improve the understanding of the lower Burdekin stratigraphy is 

through the application of airborne geophysical techniques as  advancements in óthe calibration of 

airborne data against in-field measurements and additional information from radiometrics, magnetics 

and digital elevation models lend new insights into salinity, groundwater flow systems and water 

resourcesô (Dent 2007
5
).   

 Airborne geophysics, with associated ground truthing, may assist in mapping the incidence of 

freshwater, saline water and 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 the lower Burdekin.   

Phase 2 

Subject to a positive outcome from Phase 1, conduct an aerial electromagnetic survey of the lower 

Burdekin targeted at answering key hydrogeological questions.  Conduct appropriate data 

interpretation and ground truthing. 

3. Objective(s) 

Â Provide a comprehensive spatial dataset set that will:  

Â improve aquifer characterisation and conceptualisation (3D stratigraphy) 

                                                      

5
 Dent, D. 2007. Environmental geophysics mapping salinity and water resources.  International Journal of Applied 

Earth Observation and Geoinformation. Volume 9, Issue 2, May 2007, Pages 130-136 
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Â inform the next generation of models (which will require progressive improvement over 

time)  through improved accuracy of the distribution of aquifer parameters 

Â inform soil salinity and groundwater salinity risk mapping 

Â 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 sea water intrusion/groundwater interface. 

4. Methods 

Phase 1 

Â Establish technical steering committee 

Â Review application of data collated during the preparation of the conceptual model (project 1) 

for ground truthing purposes 

Â Stakeholder engagement on critical questions motivating the survey 

Â 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 the lower Burdekin   

Â Provide recommendations on whether to proceed to Phase 2 based upon whether key data gaps 

could be adequately informed by airborne geophysical techniques. 

Phase 2 

Â Subject to the recommendations and findings from Phase 1, establish appropriate 

instrumentation and data collection resolution  

Â Engagement with community to inform them as to: 

Â What is the purpose of the project? 

Â What will the outcomes be? 

Â What will they see (eg low flying aircraft)? 

Â Initiate AEM flights 

Â Obtain additional ground truthing data including: down hole electromagnetic measurements, 

profile cores, pore fluid salinity, moisture content etc. 

Â Develop AEM products potentially including: 

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

Â Groundwater salinity flush zones, - indicating recharge pathways 

Â Groundwater salinity stratification 

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

Â Delineation of palaeochannels 

Â Reporting & Communication of outcomes. 
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5. Linked projects 

Inputs from: 

Â Project 1 ï Development of a conceptual groundwater model 

Inputs to: 

Â Project 5 -  Strategic review of groundwater monitoring arrangements within the lower 

Burdekin 

Â Future improvements to the conceptual model (Project 2) 

Â Future improvements to the numerical models (particularly modelling of seawater intrusion). 

6. Output(s) 

Â Mapped salt storage within the landscape 

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

Â Improved aquifer characterisation including depth to bedrock. 

Â Significant clay impeding layers influencing recharge 

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

7. Outcome(s) 

This project will deliver the following knowledge and outcomes: 

Asset Knowledge provided Outcome 

Agricultural soils 

Coastal floodplain 

Rivers & fresh wetlands 

Groundwater quality 

Aquifer characterisation 

Â Aquifer flush zones 
Â Recharge zones and 

recharge impeding 
zones 

Â Water salinity 
stratification 

Â Alluvial/Bedrock 
boundaries 

Input to future updates of the conceptual 

groundwater model & numerical 

groundwater model 

Development of a 3-D visualisation model 

to support groundwater model 

development and application and 

communication about groundwater issues 

with a broad range of land and water 

managers and the broader community 

Extent of salt water intrusion Basis for targeted spatial data gathering to 

delineate and better define aquifer 

characteristics including 3D distribution of 

coastal salt water front. 

Targeted improvements in temporal data 

gathering to measure critical parameters 

(e.g. compliance against agreed target 

groundwater levels) 
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8. Timeline 

Three years  

9. Budget 

Year Indicative Budget 

1 Phase 1 - $60,000 

2 Phase 2 - $1 -1.5m 

3 Phase 2 - $1- 1.5 m 
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Project 4: Improved understanding of groundwater dependent 
ecosystems of the lower Burdekin  

 

1. Context/Motivation 

The lower Burdekin is 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 groundwater dependent 

ecosystems of the lower Burdekin and their water requirements have attracted little study to date.  

Key GDEs for the lower Burdekin include: 

Â River baseflows  (and the ecosystems supported by these baseflows) 

Â Groundwater dependent vegetation 

Â Aquifer stygofauna 

Â Coastal and marine ecosystems 

Â Wetlands receiving groundwater inflows or an expression of the watertable. 

 

A comprehensive study is required to understand: 

Â the key ecological values of the GDEs 

Â the hydrology of the ecosystems and the extent to which they are dependent upon groundwater 

Â 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. Objective(s) 

The objectives of this project are to: 

Â Assess key GDEs in the study area in relation to their condition, conservation significance, 

ecological value and degree of dependence on groundwater 

Â Make recommendations on the groundwater regime necessary to sustain the identified 

GDEs 

Â Develop recommendations on the impact of groundwater regime changes on identified 

GDEs, and implications of water planning scenarios on GDEs. 

4. Methods 

Â Assessment of Background Information - Review of all available background information 

including initial work completed by DERM 


