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Brief project description: 

Acid sulfate soils are a major environmental problem in both coastal and inland areas of Australia.   The increase in acidity associated with pyrite oxidation can lead to adverse environmental impacts such as increased mobility of toxic metals, loss of habitat, and fish kills.  The acidity can also have large economic costs due to degradation of land and structures and contamination of ground water.    

We propose to investigate the role of Fe and S bacteria in the generation and consumption of acidity and the cycling of trace metals in acid sulfate soils. Microbially mediated oxidation can greatly accelerate the rate of pyrite and intermediate metal sulfide mineral oxidation compared to abiotic oxidation. It is estimated that chemolithotrophic bacteria can increase the rate of pyrite oxidation and acid generation by a factor of two up to 106 times.  These processes however, are often closely coupled (both in temporal and spatial scales) with Fe and sulfate reduction, both acid consuming reactions. Biologically mediated transformation of Fe and S species can result in formation of secondary mineral phases with chemistry, isotopic composition, morphology, mineralogy or structure that is unexpected based on bulk geochemical conditions.

We propose to determine the factors affecting biotic and abiotic iron and sulfur oxidation and reduction from sediment and water samples collected from acid sulfate soils in collaboration with other LEME researchers and to investigate the link between these cycles and trace metal geochemistry.  In partnership with the CRC LEME Project 3.18, the proposed field site is the Loveday Wetland, a saline water disposal basin undergoing rehabilitation.  Sulfidic materials (including some potential acid sulfate soils) are a key issue for management at this site because of the risk of acidification during drying operations.  Loveday Wetland has been designated as the “test case” by the Murray-Darling Basin Commission for the remediation of saline disposal basin in the Lower Murray.  Thus, the findings of this study could eventually be widely used elsewhere.

The key goals of the project are to:

· Characterise the storage of sulfur (and its mineralogy), the potential acidity and the potential alkalinity at Loveday Wetland;

· Describe the biogeochemistry of S in Loveday during wetting-drying operations, with an emphasis on microbially-mediated processes.

This will be done through field studies and sampling to characterise the site, laboratory experiments and some geochemical modelling.  Detailed activities will include:

Mineralogy

· Determine the storage and mineralogy of S in the wetland through an extensive coring program (Welch, Kirste, Beavis, Wallace);

· Determine the gross acidification and acid neutralisation capacity of the wetland (Welch, Kirste, Beavis, Wallace); 

· Characterize physical and chemical properties of surface sediments focusing specifically on areas with variable redox chemistry or obvious biological activity (Welch, Beavis);

· Determine physical and chemical response of sediments to wetting and drying;

· Determine the relationship between S and trace metal geochemistry during wetting-drying (Welch, Beavis, Kirste, Wallace);

Organic Geochemistry

· Characterize organic carbon content and nutrient (N, P) content of sediments and water samples (Welch, Beavis, Kirste, student).

Aqueous Geochemistry

· Characterise groundwater and pore water chemistry at the site (Kirste);

· Used porewater profile and hydraulic head data (supplied by DWLBC) to estimate the discharge of groundwater-borne S to the wetland;

· Model the precipitation/dissolution of gypsum and other sulfate-bearing minerals as sources or sinks of S to surface water under different regimes.

Biological components

· Determine the abiotic and biotic components of sulfur oxidation and reduction (Wallace, Welch)

· Determine the ability of in situ microbial populations to use available Fe and S substrates as electron donors and acceptors by enrichment culturing (Welch, honours student)

· Investigate microbial populations with molecular techniques (Welch, student, Rogers)

Linkages

This project is linked with CRC LEME project 3.18 (Draw Down Geochemistry), the SA Department of Water, Land and Biodiversity Conservation “Loveday Rehabilitation” program and the ANU, with additional collaboration with the CRC LEME project 3.20 (Inland ASS) and Steve Rogers’ molecular lab (CSIRO Adelaide).

Deliverables (outputs) and expected impacts of research (outcomes): 

Outputs

· report on the storage of S in Loveday Wetland and the acidification risk during water level drawdown operations;

· detailed map of actual and potential acid sulfate soils in Loveday Wetland;

· estimate groundwater-borne S discharge to the wetland using porewater profiles;

· report describing the biogeochemistry of S during water level draw downs at Loveday;

· several papers, presentations at major geochemical conferences, and 2 to 4 PhD and/or honours thesis projects.

Outcomes

· Provide information and advice on how to manage sulfidic materials during the rehabilitation of wetlands such as Loveday. 

· Understand the physical, biological and geochemical controls on the distribution of sulfidic materials and potential acidity in inland systems;

· Develop knowledge and tools for rehabilitation efforts in other saline wetlands in the Murray-Darling Basin.

Milestones: (dates of significant events marking scientific progress)
	Milestone date
	Description
	Status at May 2005

	1. Dec 2004
	Selection of field site
	Completed

	2. Jan 2005
	Collect sediment samples for laboratory experiments and start of experiment to characterise S geochemistry during wetting/drying.
	On track

	3. May 2005
	Preliminary characterisation of chemical, physical and pore water properties of sediments
	On track

	4. Aug 2005
	Second visit to field site
	Pending

	5. Dec 2005
	Visit to Adelaide (Welch) to study microbial processes using molecular techniques
	

	6. Dec 2005
	Final estimates of the storage of S and of the gross acidification and acid neutralisation potential in Loveday Wetland
	On track

	7. Jun 2006
	Report on S oxidation rates based on laboratory experiments
	Incomplete, some preliminary data

	8. Dec 2006
	Preliminary model of gypsum dissolution/precipitation
	Incomplete

	9. Mar 2007
	End of laboratory experiments
	Incomplete

	10. Jun 2007
	Final Report
	Incomplete
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Loveday Wetland Rehabilitation

Project Summaries 2005/06 for

CRC LEME Project Number 3.18 (Draw Down Geochemistry)

And

CRC LEME Project Number 3.19 (Geomicrobiology of ASS)

CRC LEME and CSIRO Land and Water

13 May 2005

Introduction

This report includes a review of the Loveday Wetland Rehabilitation program, a collaborative effort between several CRC LEME Program 3 projects and the SA Department of Water, Land and Biodiversity Conservation (DWLBC).  The CRC LEME projects involved are Project 3.18 (Draw Down Geochemistry), Project 3.19 (Geochemistry of ASS) and a PhD project through the ANU (Wallace).  In addition, it is expected that other PhD or Honours projects will be developed at the site.  Loveday Wetland is also one of the case studies for the CRC LEME Project 3.20 (Inland ASS).

This report contains:

· An overview of the Loveday Wetland Rehabilitation program;

· The Project Summary 2005/06 proforma for Project 3.18;

· The Project Summary 2005/06 proforma for Project 3.19.

Why Loveday Wetland?

Loveday Wetland (Barmera, SA) was an ephemeral River Murray wetland that was converted into a disposal basin to store excess irrigation water during the 1970s (Fig. 1).  It is currently extremely degraded, with a massive dieback of riparian red gums, seawater-like salinities and loss of native fish fauna.  The fate of Loveday Wetland is not unusual, with dozens of similar wetlands purposely sacrificed across the Murray Basin during the last century.  In addition, hundreds of wetlands in the vicinity of irrigation districts in the Murray-Darling Basin have been similarly impacted by increased saline groundwater discharge (caused by irrigation-derived “groundwater mounds”).  The rehabilitation of these floodplain wetlands is now a high priority for the Murray-Darling Basin Commission and state agencies. Loveday Wetland has been selected by the MDBC to be the test case for the rehabilitation of saline disposal basins in River Murray floodplains.
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Another interesting aspect of Loveday Wetland is that one of the management issues is the sulfidic materials now found in its sediments.  These were preliminary characterised during a previous CRC LEME study (Lamontagne et al. 2004).  Early attempts by managers to rehabilitate the wetland using wetting/drying cycles failed because the exposure of the sulfidic materials resulted in the production of noxious smells (from H2S and probably organic-S gases).  These affected the local tourism industry and H2S is (at high concentrations) a community health issue.  In addition, there is also a risk of acidification during drying operations of wetlands rich in sulfides (McCarthy et al 2003). 

“Sulfidic materials” were only recently recognised as a significant environmental issue in the Murray-Darling Basin and few tools and guidelines exist to help managers deal with them.  Currently, the key questions asked by managers at Loveday (and elsewhere) include:

· How much sulfides are stored in the wetland?

· Could wetting-drying cycles remove sulfides from the wetland?

· Is there a risk of acidification when we dry the wetland?

· Can changing the water regime impact on the wetland acid/base balance on the longer-term?

· What is the cause of the noxious smell events when the wetland is dried and how can they be controlled?

· Could the presence of sulfides in the sediment delay aquatic plants and benthic invertebrates recovery during remediation?

Due to its strategic role within the context of wetland management in the Murray-Darling Basin, Loveday Wetland was an ideal site to focus some of the activities of CRC LEME Program 3, in particular projects 3.18 and 3.19.  These projects have not been fundamentally changed – they are being refined to address the key issues at the chosen field site.  The two projects are also better integrated.  Project 3.18 will be principally involved in assessing the mass-balance for S at the site (through a surface water monitoring program) while Project 3.19 will focus on site characterisation and on sediment biogeochemical processes during wetting/drying operations at the wetland (through field sampling and laboratory experiments).

What will the “rehabilitation” of Loveday consist of exactly?
The goals of the rehabilitation effort at Loveday are to:

· Control noxious smell events;

· Recreate a “healthy” ecosystem.

A workshop was held by DWLBC in April 2005 with a range of experts to evaluate what “healthy” ecosystem could be recreated from this severely degraded site and how to do it.  CRC LEME was involved in the workshop and will continue to help DWLBC develop the rehabilitation program.  “How” this can be achieved is not clear but will certainly involve a significant change in the water regime of the wetland.  There are several constraints on how the water regime of the wetland can be changed, including that:

· It still receives a significant discharge of saline groundwater from a nearby irrigation mound;

· There is a finite amount of River Murray water available to distribute to all SA River Murray wetlands; 

· Because river levels are kept artificially elevated by downstream Lock 3, water from the river can only flow in the wetland (not out).

· There is an agreement with the local community to prevent noxious smells by not completely drying the wetland.  Currently, this is done (at great expense) by periodically letting river water flow in the wetland to partially fill it (the “Odour control program”);

· Some way has to be found to export some of the water (and salt) from the wetland and dispose elsewhere.

Based on expert advice from the workshop, DWLBC is currently re-evaluating options for the rehabilitation of Loveday basin.  It is anticipated that a more detailed rehabilitation program will be proposed in 2005/06.  This delay is not critical to the CRC LEME projects based at Loveday because water level manipulations are already occurring through the activities of the “Odour control program”.

Role of CRC LEME in the rehabilitation of Loveday Wetland

CRC LEME has reached an agreement with SA DWLBC for its role in the rehabilitation of Loveday Wetland (this will be enshrined in a Memorandum of Understanding between CRC LEME and DWLBC).  The CRC LEME will:

· Do a review of past salt, water and sulfur balances for the wetland;

· Evaluate how much S is currently stored in the wetland and in what form;

· Evaluate if the wetland has a net acidification or neutralisation potential;

· Design and carry a surface water quality monitoring to evaluate the effects of change in hydrology on the sulfur cycle;

· Using a literature review, evaluate the potential for gaseous S losses from the wetland and identify the potential gases responsible for noxious smell events;

· Carry laboratory experiments to evaluate the potential sulfur reduction rates when the wetland is filled and oxidation rates when dried;

· Evaluate the changes in the geochemistry of salt precipitation/dissolution during different water regimes scenarios;

· Provide recommendations on how to reduce the risks associated with sulfidic materials during the rehabilitation effort.

In turn, DWLBC has agreed to provide:

· Access to historical water and salt balance data from the site;

· Access to water balance data during the rehabilitation (including water level, inflows from the Murray, etc);

· Some financial support for a surface water quality monitoring program in 2005-06;

· Access to the continuous atmospheric H2S concentration data from its “Odour control program”;

· Access to a network of groundwater bores to be installed by DWLBC in 2005/06;

· Help with field logistics, when possible.

What has been achieved to date?

One field trip took place in December 2004 and several meetings were held with SA DWLBC to plan the CRC LEME activities at Loveday.

The key results from the two projects to date are:

· A major input in the planning of the rehabilitation of Loveday Wetland through the participation of S. Lamontagne in the Loveday Project Community Reference Panel;

· Preliminary water, salt and sulfur budgets for Loveday Wetland during 1970 – 2000.  This demonstrated that the disposal of excess irrigation water was the main input of water to the wetland during 1970-2000 and half the salt and sulfur loads.  Groundwater discharge was a small influx of water but contributed the other half of the salt and sulfur loads.  Currently, the salt load to the wetland is still large because saline groundwater discharge is still occurring;

· Preliminary estimates of the amount of sulfur stored in the wetland and in what form.  This demonstrated that ~40% the sulfur added to the wetland between 1970 – 2000 is still stored there.  The main form of stored S was gypsum, followed by jarosite and sulfides (Table 1).  Most of the S was stored in the top 40 cm of the sediment profile;

· Potential mechanisms for noxious smell generation were identified through a literature review.  It is now suspected that noxious smells are caused by the emission of H2S and a variety of organic-S gases.  In addition, noxious gases could be caused primarily by the oxidation of organic-S compounds in the sediments, not the sulfides.

· The initiation of the surface water monitoring program for the wetland;

· Preliminary laboratory experiments to characterise sulfide oxidation rates.

Table 1.  Summary of average weight percent sulfur-bearing minerals in Loveday Wetland.  (x - Very low concentrations) 

	Unit Depth

(cm)
	Monosulfides
	Pyrite
	Gypsum
	Jarosite

	0 – 5
	~0.5%
	~0.5%
	~20%
	x

	5 – 40
	x
	~0.5%
	~10%
	up to 5%

	40 – 150
	x
	x
	x
	x

	150 – 200
	x
	x
	x
	x

	200 – 240+
	x
	x
	x
	x


The key outputs for 2005/06 are expected to be:

· Completion of the mineral S stores estimates in the wetland;

· Determination of the organic S stores in the wetland;

· Determination of whether the wetland has a net acidification potential;

· First year of surface water quality monitoring program completed;

· Determination of S oxidation rates using laboratory experiments.

Additional information can be found in the appended Proforma project plans.
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Fig. 1. Location of Loveday Wetland (Barmera, SA). Shaded areas represent irrigated vineyards.
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