Cooperative Research Centre for Landscape Environments and Mineral Exploration 

PROJECT SUMMARY



HO-170105
Project No:  





(Issued by LEME Head Office)

Submitted by:

Tim Munday
Date submitted: 
12/11/2006
Project name:  
Informing the Loxton SIS development through an enhanced understanding of the hydrogeology in the Loxton area in the Riverland, South Australia through the use of AEM data. 
Abbreviated title: 
Loxton SkyTEM  
Type of project
Centre/Industry

Program:  

4
Themes:  

Theme 7: Salinity systems in regolith and groundwater
Project Leader:  
Tim Munday
Start date and duration:  November 2006 to June 2007
Participants:
 
CSIRO EM, SA Water, DWLBC, MDBC 
Brief project description: 
Background
The construction of salt interception schemes (SIS) in the Riverland region of South Australia (between Morgan and Renmark) forms an integral part of a broader engineering-based strategy to manage saline groundwater discharge into the River Murray and to preserve biodiversity on the adjacent floodplains. Several schemes are already in place, with others at the planning and implementation stage. However, there remains a need to place these schemes in a robust, relatively detailed hydrogeological framework that permits their and effective development and efficient performance. 

Geophysical methods have the capacity to provide detailed spatial information to assist in the prediction of the impact of current irrigation developments, the design and continued performance of salt interception schemes, and the protection of floodplain values.  In the case of floodplains, geophysical methods can assist our understanding of groundwater salinity variation and links with vegetation health and diversity. Airborne geophysics, particularly airborne EM, has significant, potential to inform our understanding of the hydrodynamics between irrigation induced groundwater mounds, saline groundwater systems and adjacent river systems and their floodplains. The ability to resolve variations in conductivity with depth across these landscape elements provides a complementary basis (to ground investigations) for understanding salinity processes.  

The proposed project will focus on an integrated investigation of airborne electromagnetic techniques, allied with appropriate ground investigations as a means of gaining a greater understanding of the hydrodynamic processes and interlinked complexity of the Loxton SIS and adjacent floodplain and highland areas. The acquisition of AEM data in areas not covered by existing geophysical data will provide baseline data on the spatial variation in groundwater salinity. It will also provide a unique picture of the horizontal and vertical changes in groundwater quality, and an improved understanding of sedimentary facies variations associated with important aquifer systems.  

The products developed will directly support a number of high priority actions being undertaken by DWLBC as it considers the performance and potential further development of the SIS. Project outputs will also input into the ‘Integrated Monitoring Framework for e-Flows and SIS’ being developed for Loxton and adjacent floodplains including Rilli’s floodplain.

Project Objectives 

The primary objective of this project is to:

1. Develop a significantly enhanced understanding of the hydrogeology of Loxton area, particularly through an understanding of variations in groundwater salinity, and thereby assist the continued development and assessment of the Loxton SIS. 

This will be achieved through an integrated analysis of the run-of-river EC measurements, “in river” and ground surface NanoTEM, and bore hole data against a spatial framework offered by high resolution airborne electromagnetic data.  
Through mapping groundwater quality variations, the project will:

1) Enhance our understanding of the Loxton area hydrogeology through stratigraphic and facies information associated with the Lower Loxton Sands and Bookpurnong Formations collected from bores. 

2) Map the surface water and groundwater influence zones (losing & gaining stream conditions) along the Murray in the Loxton area, and enhance our understanding of highland-floodplain groundwater interactions. 

3) Obtain a baseline data set of groundwater conditions. Collection of such a data set at this time will provide the basis for objective review in comparison to future data sets of the Loxton SIS (both Highland and Floodplain) over the life of the scheme. 

Scope of work 

The CRCLEME will undertake the following services, in a staged approach, to achieve the stated objectives: Project staff will work directly with staff of DWLBC and contractors in the execution of the project and in the development of appropriate project outputs and their validation. 

STAGE 1: Survey design, AEM data acquisition and data quality control/assessment

1. Develop optimised survey parameters for acquisition of AEM data against desired product needs for Loxton area. 

2. Prepare survey contract specifications, define deliverables and assess submissions from proposed survey contractor and provide formal notification to project stakeholders on AEM system and contractor. 

3. Manage survey contract, and undertake a quality assessment and control of the derived geophysical data.  

4. Deliver conductivity-depth images (grids) and sections, using a combination of constrained and unconstrained inversion procedures 

5. Provide an interim report and presentation on the survey and initial products

6. Assessment of Stage 1 outcomes and determination to process to stage 2.

STAGE 2: HEM Data Analysis, Interpretation and Reporting

1. Process and interpret the AEM data

2. Compile available hydrogeological data, including bore information, “in river” NanoTEM and Run of River data for the focus area.

3. Undertake a constrained inversion of HEM data to derive maps of salt load, and groundwater conductivity. Use conductivity-depth information to generate a 3D map of groundwater quality through the saturated zone.  Undertake limited field investigations in collaboration with the DWLBC to validate the derived products. 

4. Link HEM derived products and floodplain conductivity measurements and interpret combined datasets against available “in river” NanoTEM data and run of river survey information.  

5. Produce GIS and groundwater model compatible data layers from the geophysical data.

6. Document the processing procedures and interpretation of the AEM data . 

7. Compile and present a technical report on the methods used and products generated 

8. Conduct a technology transfer workshop to communicate the outcomes of the work to relevant stakeholders 

Deliverables :

1. GIS compatible map/grids and sections detailing:

a. variations in groundwater salinity, 

b. schematic relationships between landscape elements and salinity occurring in the area 

based on the constrained and unconstrained inversion of AEM data 

2. Interim project report on AEM survey and interim products

3. Final project report detailing constrained inversion processing and interpretation procedures. The report will include a CD containing a digital copy of the report and digital map products in a GIS compatible form.  

4. Conduct of a technology transfer workshop with project stakeholders

The project will build on previous and current studies being undertaken by CRCLEME in the Murray Darling Basin, particularly those associated with the Living Murray studies, where AEM data are being studied to help understand the links between floodplain and highland areas and river salinity. 

Outcomes
An understanding of spatial patterns of groundwater, river sediment and floodplain salinity will deliver improved biophysical constraint for the various salinity management initiatives currently operating and being considered for the Loxton region. We anticipate that project outputs will assist in the maintenance and development of enhanced environmental values for the floodplain and river through an improved understanding of the hydrodynamics between the groundwater system, the irrigation induced groundwater mound, and river salinity.  By providing further insight into where and why the river is gaining and losing within the Loxton reach, the resultant data would assisting in understanding how the existing and future floodplain and highland SIS infrastructure performs, as well as providing a genuine baseline dataset to measure temporal effectiveness. 

For the Loxton SIS, an AEM survey will inform on the current performance of existing SIS production wells and will help our understanding of the interaction between the groundwater system and the Murray River. Through an integrated analysis of the AEM, Run-of-River EC measurements and available bore information we would expect to better understand their value as part of a framework for understanding surface water - groundwater processes by providing baseline data on spatial patterns of groundwater salinity from the surface to a depth of >50m, with implications for other parts of the Riverland.  

An enhanced understanding of floodplain groundwater salinity to provide a mechanism to correlate and evaluate vegetation health and processes of floodplain salinisation. More specifically the AEM will provide a spatial framework for targeting smaller fine scale investigation on the floodplain where more periodic land based geophysics can be used in combination with borehole data to monitor the relationship between SIS influences, tree health and floodplain salinity.

Titles of proposed publications and journals where the papers will be submitted 

1. Airborne geophysical data for informing SIS development strategies in the Murray Basin (Journal of Environmental and Engineering Geophysics) 

Titles of reports 

1. Use of HEM data for informing the Loxton SIS development and implementation (May 2007)

Confidentiality requirements

Reports will be delivered to the SA Water Permission for their wider publication will be sought from the department. 
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Activity and Milestones Schedule

The timetable for achieving the milestones is summarised in the following table:
	1. Service Agreement between CRCLEME and SA Water  

	Activity
	Milestone

	Contract signed by each party 
	25th Nov 2006

	2. AEM Survey contract agreed and survey planning initiated 

	Activity
	Milestone

	Contract with GeoForce to acquire survey data over Loxton; survey initiated 
	30th Nov 2006

	3. Definition of biophysical data products from AEM data

	Activity
	Milestone

	Definition of strategy for the AEM data interpretation and agreement on biophysical outputs required from AEM interpretation 
	30thNov  2006

	4 AEM data acquisition completed 

	Activity
	Milestone

	AEM Survey for Loxton area complete, Qa/Qc of preliminary survey data 
	30st Nov 2006

	5. Collation of information to constrain AEM inversion 

	Activity
	Milestone

	Collation of constraint information for use in reprocessing of AEM data including the acquisition of additional shallow borehole induction logs 
	20th Dec 2006

	6. Assessment of final AEM data from Contractor 

	Activity
	Milestone

	Analysis of interim data from contractor and assessment of quality. Compilation of preliminary report and generation of CDI products – prelim GIS data provided to client
	31st Jan 2006

	7. Constrained inversion and data interpretation

	Activity
	Milestone

	Processing and interpretation of derived products against ground data, compilation of draft report
	10th May 2007

	8. Workshop and completion
	

	Activity
	Milestone

	Workshop with stakeholders and submission of draft /final report.
	30th May 2007


RESOURCES 2006-2007
STAFFING-FTEs 
(eg 0.50) for 2006-2007 (minimal fractional contribution should be 0.05)
	Staff name
	In-kind,

CRC or

Industry
	ANU
	AU
	CUT
	CSIRO EM
	CSIRO 
LW
	GA
	NSW DPI
	PIRSA
	Total

	Tim Munday 
	In kind
	
	
	
	0.10
	
	
	
	
	0.10

	Andrew Fitzpatrick 
	In Kind
	
	
	
	0.05
	
	
	
	
	0.05

	Kevin Cahill
	In Kind
	
	
	
	0.1
	
	
	
	
	0.1

	Volmer Berens
	In Kind
	
	
	
	0.5
	
	
	
	
	0.5

	TOTAL
	
	
	
	
	0.75
	
	
	
	
	0.75


PROJECT OPERATING COSTS  $K  2006-2007
	
	$K
	Source external funds

	CRC Opex funds requested
	0
	

	Committed external funds  
	$61K
	SA Water


All LEME STUDENTS contributing to Projects 2006-2007
	Students Name
	University
	PhD or Honours

	Mike Hatch 
	AU
	PhD


DISTRIBUTION OF TOTAL PROJECT OPERATING COSTS 2006-2007
Show major expenditure items and allocation to core parties
	Expenditure Item
	ANU
	AU
	CUT
	CSIRO EM
	CSIRO 

LW
	GA
	NSW DPI
	PIRSA
	Total ($K)

	AEM data acquisition 
	
	
	
	$37k
	
	
	
	
	37

	Travel
	
	
	
	$3.5K
	
	
	
	
	3.5

	  Qa/Qc field studies
	
	$6K
	
	
	
	
	
	
	6

	Misc Operating
	
	
	
	$14.5K
	
	
	
	
	14.5

	Total
	
	6
	
	$55K
	
	
	
	
	$61K


