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Summary
Acid sulfate soil is the name given to soils or sediments that contain sulfide minerals. They either
contain, or have the potential to form, sulfuric acid. The build-up of acid sulfate soils in inland
wetlands, lakes, creeks and rivers is an important on-going issue for the management of
waterways in the Murray–Darling Basin. Acid sulfate soils can pose a significant risk to the
environment, water supplies, human health and infrastructure, at some affected sites. Key hazards
include acidification, loss of oxygen from the water column and mobilisation of metals.
At its March 2008 meeting, the Murray–Darling Basin Ministerial Council discussed the emerging
issue of inland acid sulfate soils and the associated risks to Murray–Darling Basin waterways and
agreed that the extent of the threat posed by this issue required assessment. The purpose of the
Murray–Darling Basin Acid Sulfate Soils Risk Assessment Project was to determine the spatial
occurrence of, and risk posed by, acid sulfate soils at priority wetlands in the River Murray system,
wetlands listed under the Ramsar Convention on Wetlands of International Importance (excluding
the Coorong and Lower Lakes) and other key environmental sites in the Murray–Darling Basin.
The project was overseen by the Murray–Darling Basin Authority’s Acid Sulfate Soils Risk
Assessment Advisory Panel, which comprises jurisdictional representatives, scientists and MDBA
staff.
In all, over 19,000 waterways were assessed:


Initially a desktop assessment of waterways was undertaken to determine the presence of
indicators of the likelihood of acid sulfate soils (e.g. elevated salinity levels).



Based on the results of the desktop assessment, almost 1,500 wetlands were chosen for
rapid on-ground assessment.



Finally, nearly 200 wetlands and river reaches were selected for detailed assessment,
including 14 of the 16 Ramsar wetlands in the Murray–Darling Basin.

Major findings
Waterways found to contain acid sulfate soils at levels of concern were located in the southern part
of the Murray–Darling Basin. Acid sulfate soils were extensive throughout many wetlands along the
lower River Murray in South Australia and in the western part of the Edward–Wakool River system
in New South Wales. In Victoria, the affected sites appear localised around Mildura and in some
areas impacted by dryland salinity.
Of the Ramsar-listed wetlands, acid sulfate soils were found at levels that present a medium-tohigh acidification, deoxygenation and/or metal release hazard at Banrock Station wetland complex,
Riverland, some lakes in the Kerang Wetlands and (in a separate study) the Lower Lakes.
While acid sulfate soils in the other Ramsar wetlands were at levels that do not currently pose a
substantial hazard, it is noted that many had elevated levels of sulfate (a precursor for the
formation of acid sulfate soils), indicating the potential for acid sulfate soils to form in the future if
water levels in these wetlands are kept high for unnaturally long periods. This is an important input
into the future management of these ecologically significant sites.
The degree of risk associated with disturbing acid sulfate soils is dependent on the consequences
of disturbance coupled to the likelihood of that disturbance occurring. Based on the hazard
vi
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assessment process in conjunction with observations in a number of wetlands where acid sulfate
soils have been disturbed, it is concluded that acid sulfate soils can represent a high risk to some
affected wetlands in the Murray–Darling Basin.
Many of the affected wetlands were re-flooded during the extensive floods of 2010–11. The
impacts on water quality through re-flooding of acid sulfate soils were diluted by the size of the
flood. However, despite this, acid sulfate soil material is in all likelihood still present in many of the
wetlands previously affected. Furthermore, the underlying conditions, which caused the formation
of acid sulfate soils in the first place, have not changed. Therefore, the ongoing risk posed by acid
sulfate soils is unlikely to have been mitigated and hence will need to be managed.

Project outcomes
The Murray–Darling Basin Acid Sulfate Soils Risk Assessment project has substantially increased
knowledge of the occurrence of acid sulfate soils throughout the Basin, and the hazards and risks
associated with these materials. The project has produced more than 50 reports that document the
following outcomes:










The distribution of affected wetlands shows the problem is not isolated to individual
waterways, but impacts on whole sections of the lower River Murray in South Australia, the
western part of the Edward-Wakool River system in New South Wales, and clusters of
wetlands in Victoria.
The hydrogeological processes that drive the formation of acid sulfate soils are linked to the
processes that drive salinity. As such actions to reduce the likelihood for acid sulfate soils
developing should be considered in conjunction with action to address long-term salinity.
Acid sulfate soils development is also linked to changes in hydrology — in particular,
maintenance of high water levels in ephemeral systems for unnaturally long periods of time
leading to a lack of drying phases, and the reduction in frequency of large flushing floods
over floodplains. The hydrological and hydrogeological context of impacted wetlands needs
to be taken into account when developing management actions.
In meeting its objectives, the project has created awareness of the issue of acid sulfate
soils among personnel from both state and federal government agencies. In particular, the
rapid assessment training component of this project has built capacity within natural
resource management agencies in the identification and assessment of acid sulfate soils in
inland waterways.
Protocols and methods for both the rapid and detailed assessment of wetlands have been
developed and refined, and now provide the basis for broad-scale assessment of inland
acid sulfate soils throughout Australia.

In addition, project outputs were key components in the development of the National guidance for
the management of acid sulfate soils in inland aquatic ecosystems produced by the Environment
Protection and Heritage Council and the Natural Resources Management Ministerial Council,
which includes broad principles for the management and mitigation of acid sulfate soils in inland
waterways.
This summary report provides an overview of the 200 wetlands that have been the subject of
detailed assessment. The Murray-Darling Basin Authority recognises that further work will be
required to develop suitable management responses for each of the wetlands that have been
subject to risk assessment. Where further work is undertaken by any party it will be important that
the management actions are commensurate with the risk assessment and that it considers the
hydrogeological context of the individual sites.
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1. Environmental context of acid sulfate soils
Acid sulfate soil is the name given to soils or sediments that contain sulfide minerals. They either
contain, or have the potential to form, sulfuric acid. The build-up of acid sulfate soils in inland
wetlands, lakes, creeks and rivers is an important on-going issue for the management of
waterways in the Murray–Darling Basin (Hall et al. 2006; Baldwin & Fraser 2009).
Why are acid sulfate soils a risk to aquatic ecosystems of the Murray–Darling Basin?
Acid sulfate soils occur naturally in inland waterways in Australia; however, it is believed that their
prevalence has substantially increased because of changes to the way water moves through the
landscape, coupled with an increase in sulfur in the landscape (Hall et al. 2006; see also How do
acid sulfate soils form).
Acid sulfate soils can pose a number of significant risks to the environment.
Acidification
When an acid sulfate soil is exposed to oxygen (oxidised), it undergoes a complex series of
reactions that ultimately produce acid. If the amount of acid produced is greater than the system’s
ability to absorb that acid (the acid neutralising capacity), the pH of the system falls. One of the
most dramatic examples of the oxidation of acid sulfate soils is Bottle Bend Lagoon in southwestern New South Wales. Following a partial drying of the lagoon in 2002, the pH fell from about
8 to less than 3 in a matter of about four months, resulting in a substantial fish kill (McCarthy et al.
2006), and has remained acidic since then (D Baldwin, unpublished). To put this in context, the
Australian and New Zealand Environment Conservation Council guidelines for aquatic ecosystems
recommend a pH of greater than 6.5 (ANZECC & ARMCANZ 2000).
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Figure 1.1 Example of oxidation of acid sulfate soils, Bottle Bend Lagoon, New South Wales (Kerry Whitworth,
Murray–Darling Freshwater Research Centre)

Deoxygenation
The oxidation of acid sulfate soils consumes
oxygen. In extreme cases this can remove all
the oxygen from the water column, resulting in
the death of aquatic organisms. This is most
likely to occur when highly reactive forms of
sulfide (like those found in monosulfidic
material) are physically disturbed and distributed
throughout a water column (see Sullivan et al.
2002a).
Figure 1.2 Accumulations of monosulfidic material in
the Richardson River near Donald, Victoria (Melanie
Watts, North Central Catchment Management
Authority)
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Metal release
Oxidation of acid sulfate soils can also lead to the release of metals (like cadmium and lead) and
metalloids (like arsenic) in the environment (e.g. Corkhill et al. 2008). Many metals and metalloids
can form sulfidic minerals. The mobility of most metals is commonly related to the stability of iron
and manganese minerals. Under oxidising conditions, iron and manganese oxide minerals are
important sorbents for trace metals, while under very reducing conditions they may be incorporated
into sulfide minerals.
However, under moderately reducing conditions — that is, during the transition from oxidising to
reducing conditions (Figure 1.3) — iron and manganese are soluble, and this is the period where
metals may be released into solution and pose the highest risk. The impact on surface waters will
be governed by the upward chemical flux, which is a function of soil type, water flow, diffusion and
the chemistry of the soils near the sediment-water interface. Once in the water column, the metals
may be incorporated into animal or plant tissue with subsequent impacts on both aquatic and
terrestrial food webs.

Figure 1.3 As soils undergo changes from oxidising to reducing conditions, metals may be released under
suboxic conditions due to iron and manganese oxides solubility (from Shand et al. 2007)

Aesthetics and human health
Noxious odours are produced when volatile sulfur compounds are released when acid sulfate soils
are disturbed (Kinsela et al. 2007). As well as being aesthetically unpleasing, such compounds
may potentially affect human health (Hicks & Lamontagne 2006).
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How do acid sulfate soils form?
A group of bacteria (sulfate reducing bacteria) use sulfate (SO42–) instead of oxygen in respiration,
converting the sulfate to sulfide (S2–). The sulfide reacts with metal ions, especially iron, to produce
a range of metal sulfide minerals, including mackinawite (FeS), greigite (Fe3S4) and pyrite (FeS2)
(Rickard & Luther 2007). This process, which can be described as sulfate reduction, occurs under
anaerobic conditions — that is, in zones where there is no oxygen. Typically, submerged
sediments in inland aquatic ecosystems have very little oxygen below the first few millimetres and
can therefore be sites of sulfate reduction.
Until recently, it was assumed that the sulfate concentration in inland aquatic ecosystems was
uniformly low. Therefore, sulfate reduction was not usually considered an important process in
inland systems (Holmer & Storkholm 2001). However, sea water contains sulfate, and the salt
found in the Australian landscape came mainly from ancient sea water brought inland with rain
(Herczeg et al. 2001). Human activity, including land clearing and river regulation, has altered the
hydrology and hydrogeology of many inland ecosystems. Rising saline groundwater tables coupled
with the mobilisation of salt in surface-water flows has led to the salinisation of many inland aquatic
ecosystems. Where there are high levels of salt in the landscape, we also find significant
concentrations of sulfate and, in many cases, acid sulfate soils (Sullivan et al. 2002b; Hall et al.
2006; Fitzpatrick et al. 2009a).
Acid sulfate soils require a source of sulfate for their formation. In inland Australia the largest pool
of sulfate is saline groundwater; therefore, the presence of acid sulfate soils in inland waterways is
often a manifestation of rising groundwater levels bringing subterranean salt to the surface. Other
sources of sulfate in aquatic ecosystems include municipal wastewater, irrigation return water and
water from salt interception schemes. For the sulfate reduction process to occur, there also needs
to be a source of organic matter. Therefore, acid sulfate soils are most likely to be found in aquatic
ecosystems that have an ample source of carbon (such as from riparian litter fall, algal blooms,
aquatic plants or organic rich wastewater). There also needs to be a source of reactive iron (Ward
et al. 2010a).
Source: EPHC & NRMMC (2011)

Types of acid sulfate soils
This project has adopted the new classification system for describing acid sulfate soil materials
(Sullivan et al. 2008, 2010). Full definitions are provided in Appendix A. In summary:


Sulfuric materials are soil material with a pH less than 4 as a result of previous sulfide
oxidation.



Hypersulfidic materials contain sulfides and have a pH less than 4 following oxidation.



Hyposulfidic materials contain sulfides but have a pH greater than 4 after oxidation.



Monosulfidic materials are soil materials that contain detectable acid volatile sulfide.
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Conceptual model of an inland aquatic ecosystem (landscape scale) with acid sulfate soils
in a consecutive sequence

Figure 1.4 Formation and accumulation of acid sulfate soils in an inundated scenario (not to scale) (EPHC &
NRMMC 2011)

Figure 1.5 Exposure and oxidation of acid sulfate soils in a drying scenario (not to scale) (EPHC & NRMMC
2011)

Figure 1.6 Rewetting of oxidised acid sulfate soils in a scenario of higher water availability (not to scale) (EPHC
& NRMMC 2011)
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Conceptual model of an inland aquatic ecosystem (microscopic scale) with acid sulfate
soils in a consecutive sequence

Figure 1.7 Formation and accumulation of acid sulfate soils in an inundated scenario (not to scale) (EPHC &
NRMMC 2011)

Figure 1.8 Exposure and oxidation of acid sulfate soils in a drying scenario (not to scale) (EPHC & NRMMC
2011)

Figure 1.9 Rewetting of oxidised acid sulfate soils in a scenario of higher water availability (not to scale) (EPHC
& NRMMC 2011)
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National guidance for the management of acid sulfate soils
in inland aquatic ecosystems
The Australian Government is working with states and territories to produce national guidance for
assessing and managing acid sulfate soils in inland waterways through the Joint Steering
Committee for Acid Sulfate Soils. This collaboration has resulted in the production of the National
guidance for the management of acid sulfate soils in inland aquatic ecosystems (EPHC & NRMMC
2011), which provides an authoritative reference to assist in the best practice management of
inland acid sulfate soils to reduce or prevent the risks they pose to the Australian environment,
economy and society. The national guidance document has been developed in the context of the
National Water Quality Management Strategy.
Outcomes from the Joint Steering Committee for Acid Sulfate Soils and the Murray–Darling Basin
Acid Sulfate Soil Risk Assessment project have been collaborative and complementary.
Management guidance produced by the Joint Steering Committee for Acid Sulfate Soils has been
incorporated into this report, while the risk assessment approach and improved understanding of
the occurrence of acid sulfate soils in the Murray–Darling Basin were captured in the national
guidance document.
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Human activities and acid sulfate soils
Acid sulfate soils form naturally and in this project were found to occur in relatively undisturbed
environments including the Paroo catchment (Figure 1.10). In such areas they do not appear to
pose a risk partially because these areas undergo natural wetting and drying cycles. Furthermore,
the acid sulfate soils in undisturbed catchments are mostly found in terminal lakes and wetlands.
This means that acid neutralising capacity generated in the waterbody (e.g. through sulfate
reduction) is retained in the wetland (rather than being exported through groundwater and surface
water movement) and can neutralise acid generated in the oxidation of acid sulfate soils.
The issue currently facing the Basin is that acid sulfate soils also occur in aquatic ecosystems
where they would not be expected. This has occurred because of human-induced changes to
surface- and groundwater flows and levels, changes to natural wetting and drying regimes and an
increase in sulfate in surface-waters (either through mobilisation of salt or anthropogenic sources
such as fertilisers). Although the underlying biogeochemical processes are the same, different
exposure pathways in different situations will necessitate different management responses (see
Section 5, Options for rehabilitation and restoration).

Figure 1.10 Lake Wombah backwater in the Paroo catchment with visible monosulfides (Andrew Biggs, Qld
Department of Environment and Resource Management)
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2.

Murray–Darling Basin Acid Sulfate Soils Risk Assessment project

Purpose and scope: At its March 2008 meeting, the Murray–Darling Basin Ministerial Council
discussed the emerging issue of inland acid sulfate soils and the associated risks to Murray–Darling
Basin waterways and agreed that the extent of the threat posed by this issue required assessment. The
purpose of the Murray–Darling Basin Acid Sulfate Soils Risk Assessment Project was to determine the
spatial occurrence of, and risk posed by, acid sulfate soils at priority wetlands in the River Murray
system, wetlands listed under the Ramsar Convention on Wetlands of International Importance
(excluding the Coorong and Lower Lakes) and other key environmental sites in the Murray–Darling
Basin. The assessment of acid sulfate soils in the Coorong and Lower Lakes was completed through a
separate program of work under the Coorong, Lower Lakes and Murray Mouth component of the South
Australian Government’s Murray Futures program, which was carried out with Australian Government
support.
The Acid Sulfate Soils Risk Assessment Advisory Panel was established to provide guidance in the
development and implementation of the project; it included representatives from the key jurisdictional
agencies responsible for the assessment and management of wetlands in the Murray–Darling Basin
(see Acknowledgements). A scientific reference panel made up of key scientists in the field was also
established to ensure the scientific integrity of the assessment process. The scientific reference panel
provided technical advice on sampling and laboratory methods, site prioritisation criteria, analysis of
results and management and/or mitigation options. The panel also developed protocols for the detailed
assessment of wetlands to determine acid sulfate soil hazards and risks throughout the Murray–Darling
Basin (MDBA 2010).

9
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Project approach
Given the very large number of wetlands in the Murray–Darling Basin, a
four-step approach was taken to identify, prioritise and assess potentially
affected wetlands in the Basin (see Figure 2.1). This approach was based
on the method proposed by Baldwin and others (2007) as modified by the
Acid Sulfate Soils Risk Assessment Advisory Panel.
Specifically, this approach involved:
1. Identification and prioritisation of wetland assets within the Murray–
Darling Basin.
2. A desktop assessment of likelihood that the wetlands could contain
acid sulfate soils based on prior water quality and other data.
3. Rapid on-ground assessment of the potential presence of acid sulfate
soils in wetlands identified in the desktop assessment as likely
candidates for having acid sulfate soils.
4. Detailed assessment to determine the hazards and risk associated
with acid sulfate soils at wetlands considered to have a high likelihood
of acid sulfate soils. Selected wetlands of high conservation value
(Ramsar wetlands) and wetlands known to contain acid sulfate soils
(particularly the wetlands associated with the River Murray
downstream of Lock 1) were immediately assigned for detailed
assessment of hazards.
A more detailed description of the methods used in the project can be
found in appendixes B and C.
It is important to realise that the project focused on an identified set of
priority wetlands throughout the Murray–Darling Basin; it did not attempt
to assess all Basin wetlands or to find all acid sulfate soils in the Basin.
The project provides a snapshot of acid sulfate soil material and
conditions in these priority wetlands at the time of sampling; however,
because of the temporal and transient nature of acid sulfate soils, the
project may not have captured all acid sulfate soils in priority wetlands
during sampling.
In addition, the design of cost-efficient sampling protocols (MDBA 2009,
2010) meant that field sampling was not a soil-mapping exercise, but
rather a hazard assessment of acid sulfate soils at the wetland-scale. The
project focused on acidification, metal release and deoxygenation
potentials. Other risks posed by acid sulfate soils, such as changes to
amenity value and impact on human health through the release of toxic
organo-sulfur compounds, were not considered.
Figure 2.1 Murray–Darling Basin Acid Sulfate Soils Risk Assessment project
approach
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Over 19,000 wetlands (see Figure 2.2) throughout the Murray–Darling Basin were identified as
priorities for inclusion in this project. Of these, 1,500 were chosen for rapid on-ground assessment, of
which 1,385 were actually assessed (Figure 2.3). The remaining wetlands could not be sampled
because of limitations of access for a variety of reasons including private landholder reluctance. One
key feature of the rapid on-ground assessment process was the development and delivery of a training
module for on-ground staff (see Training and capacity building).
Of the sites subject to rapid on-ground assessment, 100 wetlands and river reaches were selected for
detailed assessment (Figure 2.4). This was in addition to 14 of the 16 Ramsar-listed wetlands in the
Murray–Darling Basin and 62 wetlands on the River Murray below Lock 1 that had proceeded
immediately to detailed assessment at the commencement of the project (Figure 2.4). Further sites that
emerged as priorities throughout the project (e.g. Finniss River, Currency Creek and the Goolwa
Channel, and sites along the Loddon River and Burnt Creek) also proceeded directly to detailed
assessment.
Detailed assessment comprises two phases. Phase 1 investigations determined whether acid sulfate
soil materials were present (or absent) and provided characterisation of the properties and types of acid
sulfate soil materials and gave an initial hazard assessment for each wetland.
Phase 2 investigations were only conducted if the acid sulfate soil materials identified during phase 1
were determined to be a priority concern at the wetland-scale and, based on phase 1
recommendations, samples underwent further analyses to measure actual metal release and
monosulfide formation potential. Risk assessment was then completed to determine the specific risks
associated with the acid sulfate soil materials. Of the wetlands and river reaches assessed in phase 1
detailed assessment, 66 were considered to have acid sulfate soil hazards at the wetland-scale that
required phase 2 detailed assessment (Figure 2.5).
Completion of this four-step assessment process has produced in excess of 50 reports that provide the
detail behind the high-level summary that has been included in this report. A full listing of the project
reports is available in Appendix D.

11

Acid sulfate soils in the Murray–Darling Basin

Figure 2.2 Wetlands included in the
desktop assessment. Ramsar-listed
wetlands and wetlands along the
River Murray below Lock 1
proceeded directly to the detailed
assessment stage

Figure 2.3 Wetlands included in the
rapid on-ground assessment
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Figure 2.4 Wetlands included in
the detailed assessment phase 1

Figure 2.5 Wetlands included in
the detailed assessment phase 2
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Training and capacity building
Limited staff resources with the capacity for acid sulfate soils assessment were identified in
an April 2008 interim report to the Murray–Darling Basin Ministerial Council (MDBC 2008) as
a key risk to completion of the project. As such, development of a standardised training
module and delivery of training courses was identified as the best way to lessen this risk and
promote consistency in the assessment of wetlands under the Acid Sulfate Soils Risk
Assessment project.
A training module was developed by Rob Fitzpatrick (CSIRO) and Kerri Muller (Kerri Muller
Natural Resource Management). The training objectives were to provide participants with an
understanding of:


characteristics of acid sulfate soils



how to recognise subtypes of acid sulfate soils in the field



where acid sulfate soils occur in Australia (and specifically in the Murray–Darling
Basin)



what risks are posed by exposure to different subtypes of acid sulfate soils



how to use the field guide for the rapid identification of wetlands at risk of acid sulfate
soils in the Murray–Darling Basin (MDBA 2009)



how to sample soils for laboratory acid sulfate soils identification and assessment



how to download acid sulfate soils field recording sheets from the Murray–Darling
Basin Authority (MDBA) website and upload data collected in the field for the Basinwide assessment of wetlands at risk of acid sulfate soils



occupational health and safety issues associated with sampling acid sulfate soils
sites.

These training courses underpinned implementation of the rapid on-ground assessment
component of the project. The six acid sulfate soils training courses delivered throughout the
Murray–Darling Basin resulted in training of over 75 state agency staff and regional natural
resource managers. This was a substantial capacity building exercise that served not only to
support the rapid on-ground assessment of wetlands, but also to strengthen the ability of
state agencies and regional natural resource management groups to identify and understand
the nature and risks of acid sulfate soils and management options for impacted wetlands.

Figure 2.6 Rapid assessment
training at Swanport wetland
near Murray Bridge, South
Australia (Rob Kingham,
MDBA)

Figure 2.7 Rapid assessment
training at Psyche Bend
Lagoon near Mildura, Victoria
(Rob Kingham, MDBA)
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3.

Hazard assessment

Hazard assessment was initiated in phase 1 of the detailed assessment component of the
project. Wetlands that underwent phase 1 detailed assessment included 14 of the 16 Ramsar
wetlands in the Murray–Darling Basin; 62 wetlands along the River Murray between Wellington
and Blanchetown (Lock 1); the Finniss River and Currency Creek tributaries and the Goolwa
channel of Lake Alexandrina; sites along the lower Loddon River and Burnt Creek (a tributary of
the Loddon River); and a further 100 representative wetlands from regions in the Murray–Darling
Basin that appeared to have a high likelihood of acid sulfate soils based on the results of the
rapid on-ground assessment.
Acidification hazard was estimated based on the presence, extent and nature of acid sulfate soils
in each of the wetlands. Deoxygenation hazard was estimated from the presence of monosulfidic
material or high levels of a chemical (sulfate), which is needed for the formation of monosulfidic
material. Metal release was inferred from the acidification risk coupled to the potential for
monosulfides to form.

Ramsar wetlands
The hazards associated with acid sulfate soils were assessed in 14 of the 16 Ramsar wetlands in
the Murray–Darling Basin. Only the Ginini Flats Wetland Complex (a high country wetland in the
Australian Capital Territory) was not assessed because it was considered unlikely to contain acid
sulfate soils. Other higher risk sites that became apparent throughout the project, such as those
in the Loddon catchment, were sampled instead. Assessment of acid sulfate soils in the Lower
Lakes was undertaken in a separate project (see below).
Outcomes of the hazard assessments for the Ramsar wetlands in the Murray–Darling Basin are
presented in Table 3.1. Banrock Station wetland complex, some lakes in the Kerang Wetlands
and Riverland all had a medium potential for acidification and metal release, and a high potential
of deoxygenation if sediments were disturbed and/or oxidised. All the other Ramsar wetlands
included in this assessment had lower acidification, metal release and deoxygenation hazards.
However, many had a medium to high hazard to form monosulfidic material which could lead to a
higher potential for deoxygenation in the future.

Lower Lakes
The assessment of acid sulfate soils in the Lower Lakes was completed through a separate
program of work under the Coorong, Lower Lakes and Murray Mouth component of the South
Australian Government’s Murray Futures program with support from the Australian Government.
A summary of this work is included for completeness.
Investigations found that acid sulfate soil materials are widespread throughout the Lower Lakes
study area (Figure 3.1; Fitzpatrick et al. 2010). Furthermore, extensive areas of acid sulfate soils
were found to have been exposed in the Lower Lakes as a result of unprecedented low water
levels. This resulted in soil acidification (pH less than 4) over large areas around the exposed
lake margins and in the Finniss River and Currency Creek tributaries and the Goolwa Channel.
Acidification of surface waters also occurred in some localised areas where acidity had been
transported from the soil profile (Fitzpatrick et al. 2009b, 2010; SA Department of Environment
and Natural Resources 2010).
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The risks posed to the Lower Lakes from the identified acid sulfate soil hazards were realised at
several exposed lake margins and the western tributaries where acidification of surface waters
occurred following rainfall and strong wind events. Mobilisation and transport of acid from sandy
sulfuric soils resulted in localised acidification of surface waters in the Finniss River and Currency
Creek tributaries, and also the Loveday Bay, Boggy Lake and Dog Lake areas fringing Lake
Alexandrina. Metal concentrations during 24-hour leaching tests of Finniss River and Currency
Creek soils found that metal release was rapid and dissolved concentrations of aluminium,
cadmium, cobalt, copper, chromium, manganese, nickel, vanadium and zinc in the soil extracts
greatly exceeded the National Water Quality Management Strategy guidelines (Fitzpatrick et al.
2009b). Metal release was likely to be most significant from sulfide-containing soils that have
oxidised.
Table 3.1 Hazard assessment for Ramsar wetlands

Ramsar wetland

Acidification hazard

Deoxygenation (actual or
potential) hazard

Metal release hazard

Lake Albacutya

Low

Low

Low

Banrock Station wetland
complex

Medium

High

Medium

Barmah Forest

Low-medium

Medium

Low

NSW Central Murray
State Forests

Low

High

Low

Currawinya Lakes
(Currawinya National
Park)

Low

High

Low

Fivebough and Tuckerbil
swamps

Low

Medium

Low

Gunbower Forest

Low

High

Low

Gwydir Wetlands
(Ginham and Lower
Gwydir [Big Leather]
watercourses)

Low

High

Low

Hattah–Kulkyne Lakes

Low

Medium

Low

Macquarie Marshes

Low

High

Low

Kerang Wetlands

Medium

High

Medium

Narran Lakes Nature
Reserve

Low

Low

Low

Paroo River Wetlands

Low

Medium

Low

Riverland

Medium

High

Medium
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Figure 3.1 Soil classification map of the distribution of acid sulfate soil sub-types in lakes Alexandrina and
Albert (from Fitzpatrick et al. 2010) – see Appendix A for acid sulfate soils classification scheme

Map legend:
i

Acid sulfate soil materials with sulfuric (pH <4), hypersulfidic (pH <4 after incubation), hyposulfidic (pH
>4 after incubation) and monosulfidic materials.
ii Depth of water with deep water (overlying water >2.5 m), subaqueous (overlying water 0 to 2.5 m),
hydrosols (saturated to a depth of 50 cm below the mineral soil surface), and unsaturated (unsaturated
to a depth of 50 cm below the mineral soil surface).
iii Soil texture with clays and sands.
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Other priority wetlands
Hazard assessment outcomes for all of the other wetlands that underwent phase 1 detailed
assessment are presented in figures 3.2 to 3.9. A Basin-wide summary of acid sulfate soil
hazards is shown in Figure 3.2, and a full listing of the results from the phase 1 detailed
assessment of acid sulfate soil hazards is provided in Appendix E. Many wetlands assessed
below Lock 5 along the River Murray clearly have the potential to acidify if oxidised (figures 3.3,
3.4 and 3.5). Of the 125 wetlands surveyed in this region, just under a third (39) had a mediumto-high or high rating for acidification hazard. Fewer wetlands in the other priority regions would
potentially acidify.
Although earlier reports showed acid sulfate soils occur throughout the Mildura region (Hall et al.
2006), only one wetland surveyed in this project had a high acidification hazard (Figure 3.6). Four
of the 17 wetlands surveyed in the Victorian north-flowing rivers priority region had a high rating
for acidification hazard (Figure 3.7). All affected wetlands were associated with Bet Bet Creek in
the Loddon catchment. Two other sites sampled in the Loddon catchment (Burnt Creek and the
Loddon River at Majors Line Crossing) also had a high acidification hazard (Thomas et al. 2009).
Three of the 12 wetlands sampled in the Edward–Wakool region posed a high rating for
acidification hazard (Figure 3.8). These wetlands tended to be toward the west of the region
where shallow saline groundwater occurs (Bush et al. 2010; Tulau & Morand 2010). Acid sulfate
soils were also found in seven of 17 sites sampled in the Wakool River channel itself (see Acid
sulfate soils in river channels and creek systems). Wetlands surveyed in the Hume to
Yarrawonga reach of the River Murray (Figure 3.9) and a wetland surveyed in the Talwood–
Mungindi region of Queensland all had a low-to-medium rating for acidification hazard.
Many wetlands studied had the potential for deoxygenation if the sediment were disturbed, either
because they had substantial levels of monosulfidic material in their sediments or because they
had excessive levels of a chemical (sulfate) necessary for the formation of monosulfidic material
Thirty-eight of the wetlands below Lock 5 had a high rating for deoxygenation (figures 3.3, 3.4
and 3.5).
All wetlands near Mildura and in the Edward–Wakool region and six of the eight wetlands
surveyed in the Hume to Yarrawonga reach of the River Murray were rated as having a high
deoxygenation hazard (figures 3.6, 3.8 and 3.9). Conversely, only two wetlands in the Victorian
north-flowing rivers priority region were rated as posing a high deoxygenation hazard (Figure
3.7). The wetland sampled in the Talwood–Mungindi region was assessed as having a low
deoxygenation hazard rating. However, it should be noted that a large flood preceded field
sampling in this area where irrigation drains are known to contain monosulfidic material. This
flood resulted in the monosulfidic material being scoured from the channels and only small
amounts were detected, hence providing a potentially ’false low‘ estimate of monosulfide
formation potential hazard. This example highlights the temporal nature of especially monosulfide
formation and persistence, and indicates the need for caution when interpreting the results from
once-off sampling events.
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Phase 2 analyses
A more detailed assessment of metal release and monosulfide formation (phase 2 analyses) was
undertaken on 66 wetlands and channels. Phase 2 analyses were undertaken in part to verify the
outcomes of the Phase 1 detailed assessments. Most of the wetland sediments which were
predicted to release metals based on the results from the Phase 1 detailed assessment showed
that they could release metals either under acidic or anaerobic conditions. The extent of metal
release, and the metals released was dependent upon location; the wetlands below Lock 1 had a
propensity to release high levels of aluminium, arsenic, cobalt, iron, manganese, nickel and zinc;
while wetlands in the Edward–Wakool system tended to release aluminium, iron, manganese and
silver (see also Acid sulfate soils in river channels and creek systems).
In many cases the concentrations of metals released in the soil extract solutions were up to 10
times, and in several instances 1,000 times, greater than the National Water Quality Management
Strategy guidelines. However, while the data provide critical information necessary for a
comparative risk assessment of soils/sediments, the extent of actual risk to surface water quality
can only be determined with knowledge of metal/metalloid flux from the soils and the magnitude
of dilution which will be controlled by river hydrology (scenario dependent) and the properties of
soils at the surface and processes at the soil-water interface. The data should thus be interpreted
in this context.
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Figure 3.2 Basin-wide summary of acid sulfate soils hazard ratings from phase 1 detailed assessment
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Figure 3.3 Acid sulfate soils hazard ratings from phase 1 detailed assessment in the wetlands between
Wellington and Blanchetown (Lock 1) along the River Murray
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Figure 3.4 Acid sulfate soils hazard ratings from phase 1 detailed assessment in the Lock 1 to Lock 3 priority
region along the River Murray

Figure 3.5 Acid sulfate soils hazard ratings from phase 1 detailed assessment in the Lock 3 to Lock 5 priority
region along the River Murray
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Figure 3.6 Acid sulfate soils hazard ratings from phase 1 detailed assessment in the Mildura priority region

Figure 3.7 Acid sulfate soils hazard ratings from phase 1 detailed assessment in the Victorian northern
flowing rivers priority region
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Figure 3.8 Acid sulfate soils hazard ratings from phase 1 detailed assessment in the Edward-Wakool priority
region

Figure 3.9 Acid sulfate soils hazard ratings from phase 1 detailed assessment in the Hume to Yarrawonga
priority region along the River Murray
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Acid sulfate soils in river channels and creek systems
While the focus of the project was principally on wetlands in the Murray–Darling Basin, acidification
events have occurred in a number of river channels and creek systems during the course of the
project as a result of the exposure of acid sulfate soils. Acidification events have occurred in the
Finniss River and Currency Creek both adjacent to Lake Alexandrina (Fitzpatrick et al. 2009b), the
banks of the River Murray channel below Lock 1 (Baker et al. 2010), the Loddon River and its
tributaries in Victoria (Thomas et al. 2009) and the Wakool River in southern New South Wales
(Gilligan et al., unpublished; Bush et al. 2010). In each instance the cause of acidification was
clearly identified as being through the exposure of acid sulfate soils in the channels.
To ensure that acid sulfate soils in river channels and creek systems were not overlooked, a desktop
assessment of the distribution and ecological risk of sulfidic sediments in river and creek channels of
the Murray–Darling Basin was completed (Ward et al. 2010b). The desktop assessment found that a
range of acid sulfate soil materials have been identified in channel systems, lakes and wetlands,
including sulfuric, hypersulfidic, hyposulfidic and monosulfidic materials.
The presence of reduced inorganic sulfur compounds in channel sediments is of particular concern
because exposure to air during low flows and/or disturbance of these sediments during high flows
can result in the release of contained contaminants and adverse environmental impacts
downstream. While the results showed that there is currently limited reported data on the presence
of these sulfur compounds in river and creek channel sediments, it was possible to identify the
Edward–Wakool River system as a priority for on-ground assessment.
In response to the outcomes of this Basin-wide desktop assessment, Bush et al. (2010) completed
an assessment of the distribution and hazard of sulfidic sediments in the Edward–Wakool River
system and found high acidification, metal release and deoxygenation hazards at a majority of sites
assessed, with increasing presence of acid sulfate soils in the western parts of the Edward–Wakool
River system.

Figure 3.10 (Left) Sampling in Burnt Creek near Dunolly, Victoria (Rob Fitzpatrick, CSIRO)
Figure 3.11 (Right) Black monosulfide accumulations in Burnt Creek near Dunolly, Victoria (Rob Fitzpatrick,
CSIRO)
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4. Risk assessment
Risk assessment framework
The management of acid sulfate soils in inland aquatic ecosystems should be guided by risk
assessments. A risk assessment framework for acid sulfate soils in inland wetlands was
developed for this project (MDBA 2010).
Once acid sulfate soils are identified at a site, the first step is to define the hazards posed by
the material. Although the generic hazards (acidification, deoxygenation, metal release) can
be described, the type and magnitude of the risk will vary between sites (because of variation
in the amount, distribution and type of acid sulfate soils present) and risk needs to be
assessed for each site, which can be done only through detailed field assessment at each
site.
After the hazards have been quantified, it is possible to determine the risk posed by the
hazards. Risk is a function of the consequences of a hazard’s occurrence and the likelihood
of that occurrence. Therefore, once the consequences and likelihood of disturbance have
been determined, it is possible to determine the risk associated with disturbance.
The consequences and likelihoods are described in tables 4.1 and 4.2; Table 4.3 describes
the degree of risk that can be ascribed based on consequences and likelihoods.
Table 4.1 Consequences, risk assessment framework

Consequences
Descriptor

Definition

Extreme

Irreversible damage to wetland environmental values and/or adjacent
waters; localised species extinction; permanent loss of drinking water
(including stock and domestic) supplies.

Major

Long-term damage to wetland environmental values and/or adjacent waters;
significant impacts on listed species; significant impacts on drinking water
(including stock and domestic) supplies.

Moderate

Short-term damage to wetland environmental values and/or adjacent waters;
short-term impacts on species and/or drinking water (including stock and
domestic) supplies.

Minor

Localised short-term damage to wetland environmental values and/or
adjacent waters; temporary loss of drinking water (including stock and
domestic) supplies.

Insignificant

Negligible impact on wetland environmental values and/or adjacent waters;
no detectable impacts on species.
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Table 4.2 Likelihood, risk assessment framework

Likelihood
Descriptor

Definition

Almost certain

Disturbance is expected to occur in most circumstances.

Likely

Disturbance will probably occur in most circumstances.

Possible

Disturbance might occur at some time.

Unlikely

Disturbance could occur at some time.

Rare

Disturbance may occur only in exceptional circumstances.

Based on likelihoods and consequences, Table 4.3 describes the degree of risk that can then
be ascribed.
Table 4.3 Degree of risk that can be ascribed (adapted from Standards Australia & Standards New
Zealand 2004)

Risk
Likelihood
category

Consequence category

Extreme

Major

Moderate

Minor

Insignificant

Almost certain

Very high

Very high

High

Medium

Low

Likely

Very high

High

Medium

Medium

Low

Possible

High

High

Medium

Low

Low

Unlikely

High

Medium

Medium

Low

Very low

Rare

High

Medium

Low

Very low

Very low

It is suggested that:



For very high risk immediate action is recommended.



For high risk senior management attention is probably needed.



Where a medium risk is identified management action may be recommended.



Where the risk is low or very low, routine condition monitoring is suggested.

These categories of management responses have been kept quite broad to acknowledge
that jurisdictional authorities and wetland managers may choose to adopt different
approaches in dealing with acid sulfate soils. The imprecise nature of these management
responses is intended to provide flexibility in management responses to the risk ratings
associated with the acid sulfate soil hazards.
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Translating hazards into consequences
There are few documented instances within the Murray–Darling Basin where it is possible to
calibrate the consequences of realising the hazards associated with disturbing acid sulfate
soils in inland aquatic ecosystems. The ecological consequences of partially drying and reflooding of Bottle Bend Lagoon have been described (McCarthy et al. 2006). In that instance,
acidification resulted in a catastrophic loss of biodiversity that persisted for at least eight
years.
During the course of the current project, the acidification and metal release hazard posed by
acid sulfate soils in Nelwart Lagoon (Shand et al. 2010) was also realised. Nelwart Lagoon
had previously been identified as containing acid sulfate soils with high hazard ratings for soil
and water acidification and metal release (Shand et al. 2009a). The wetland was
disconnected from the River Murray in late 2007. Following drying (see Figure 4.1), acid
sulfate soil material oxidised and subsequently acidified, with net acidities varying from –153
to 1,318 mol H+/tonne, with a median of 98 mol H+/tonne.
The wetland was refilled in March 2009 by briefly reconnecting with the River Murray. Once
the wetland had filled, it was once again disconnected. On refilling the soils quality showed
some improvement (there was an increase in soil pH). However, by June 2009 the surface
waters of the wetland had acidified significantly — they were mainly below pH 4 and
remained low up to mid-December 2009. A number of trace elements are mobile at such low
pH and the data showed that a number of these — particularly aluminium, cobalt and nickel
— were present at concentrations much higher than ecosystem-based trigger values and
drinking water standards. A number of other solutes (e.g. ammonium) and metals (e.g.
beryllium and cadmium) were present at concentrations of concern. Concentrations of most
solutes increased between June and December 2009, largely as a consequence of
evaporative concentration.
Following a managed top-up of the wetland in late December 2009 to replace evaporative
losses, the pH increased slightly to values between pH 4.1 and 4.8, and alkalinity remained
low. By late February 2010, the pH had increased to pH 6.4 to 6.6 and by May 2010, to
around pH 7. The concentrations of most trace metals decreased to low concentrations
reflecting dilution and limited mobility at the higher pHs under oxidising conditions. It was
also noted that small fish had colonised the wetland, something not observed since the
wetland had dried following disconnection.
The experience at both Bottle Bend and Nelwart lagoons would suggest that if the hazards
posed by disturbing acid sulfate soils are realised, the consequences to each wetland would
be at least described as ‘major’, using the definitions developed for the risk assessment
matrix.
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Figure 4.1 Nelwart Lagoon during March 2009, just prior to refilling (Paul Shand, CSIRO)

The likelihood of disturbing acid sulfate soils
Most of the hazards posed by acid sulfate soils are realised when the material is initially
exposed to the air. Therefore in populating the risk matrix we must consider the likelihood of
affected wetlands drying out into the future. Given current climate predictions suggest that
the southern Murray–Darling Basin is expected to be drier into the future, it is highly likely
that we will encounter drought conditions again. While active management of water levels
can be used to reduce the likelihood of drying out (e.g. as was the case for the Lower Lakes
during the current drought), such an approach may require large volumes of water that are
scarce in dry times. Under conditions of prolonged drought, preventing exposure of acid
sulfate soils is one of only myriad legitimate uses of the water resource, therefore the
likelihood of a wetland containing acid sulfate soils drying out is at least ‘likely’.

The risk to a wetland from disturbance of acid sulfate soils
Using the risk matrix developed for this project, if acid sulfate soils exist in wetlands at levels
that are considered hazardous then their presence can pose a ‘high’ risk to the ecological
condition of the wetland.
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The floods of 2010–11
The Murray–Darling Basin Acid Sulfate Soils Risk Assessment project took a snapshot of Murray–
Darling Basin acid sulfate soils during a period of extreme drought in south-eastern Australia. In fact,
the drying of wetlands caused by the recent prolonged drought literally exposed the problem in the
first instance.
During late spring 2010 and summer of 2011, rivers systems affected by acid sulfate soils —
particularly the Murray and Loddon rivers and the Edward–Wakool River system — have
experienced major floods. These floods will have undoubtedly scoured and oxidised acid sulfate
soils from the main river channels affected by acid sulfate soils (e.g. Loddon and Wakool rivers),
although they probably were not large or strong enough to scour acid sulfate soils from adjacent
wetlands. Filling of these wetlands by floods will minimise the risks associated with oxidation in the
short term, but the material is still present in the wetlands and will continue to pose a risk into the
future.
A number of hazards were identified if wetlands were refilled, particularly acidification and
deoxygenation. The floods of 2010–11 were large enough to dilute any adverse impacts of disturbed
acid sulfate soils on water quality. The floods created a massive hypoxic blackwater event.
Blackwater occurs when carbon is leached from floodplains (particularly from leaf litter) during a
flood.
Acid sulfate soil material is in all likelihood still present in many of the wetlands previously
affected since it will not have been scoured out. In addition, the underlying conditions which
led to the formation of acid sulfate soils in the first place have not changed. Therefore, the
ongoing risk posed by acid sulfate soils has not been mitigated and hence will need to be
managed.
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5. Options for rehabilitation and restoration
The presence of acid sulfate soils in inland waterways, beyond natural occurrences, is a symptom of
a system under stress. Human practices have fundamentally changed the way water moves through
the Australian environment.
Acid sulfate soils have been identified in wetlands, river channels and lakes throughout Australia.
The presence of acid sulfate soils in many inland waterways can be directly linked to changes in
land use and water flow; unless we address these underlying causes of acid sulfate soils, any
attempt to rehabilitate or restore waterways affected by acid sulfate soils will be at best only a shortterm solution (EPHC & NRMMC 2011).

Overview of options
The options available for rehabilitation of waterways containing acid sulfate soils in inland waterways
has recently been reviewed (Baldwin & Fraser 2009) and incorporated into the National guidance on
managing acid sulfate soils in inland aquatic ecosystems (EPHC & NRMMC 2011; see Table 5.1).
An online activity support tool to assist on-ground managers in dealing with acid sulfate soils has
been developed as part of a National Water Commission-funded project, ‘Minimising environmental
damage from water recovery from inland wetlands: Determining water regimes to minimise the
impact of sulfidic sediments (potential acid sulfate soils)’ (Baldwin 2010).
In designing a management strategy for dealing with acid sulfate soils in affected inland
wetlands, other values and uses of a wetland need to be taken into account to ensure that
any intervention is compatible with other management plans and objectives for the wetland.
A number of options for treating acid sulfate soils in inland wetlands have been identified (see Table
5.1). By far the best option is not to allow acid sulfate soils to build up in the first instance. This
requires removing the source of sulfate from the wetland — for example, by lowering saline
watertables and/or introducing frequent wetting and drying cycles to the wetland so that the amount
of sulfidic material that can build up in the sediments during wet phases is limited, hence reducing
the likely environmental damage (acidification, metal release or deoxygenation) that would occur as
a consequence of drying.
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Table 5.1 Overview of management strategies for inland waterways containing acid sulfate soils

Management objective

Activities

Minimising the formation of acid sulfate soils in

Reduce secondary salinisation through:

inland aquatic ecosystems

Preventing oxidation of acid sulfate soils or
controlled oxidation to remove acid sulfate soils



lowering saline watertables



maintaining the freshwater lens between the saline
groundwater and the aquatic ecosystem



stopping the delivery of irrigation return water



incorporating a more natural flow regime including a
periodic drying phase if appropriate.

Preventing oxidation:



keep the sediments covered with water



avoid flow regimes that could re-suspend
sediments.

Controlled oxidation:



assess whether neutralising capacity of the
sediments and water far exceeds the acidity
produced by oxidation



assess the risk of deoxygenation and metal release



monitor intervention and have a contingency plan to
ensure avoidance of these risks.



neutralise water column and/or sediments by
adding chemical ameliorants



add organic matter to promote bioremediation by
micro-organisms



use stored alkalinity in the system.

Protecting adjacent or downstream environments



isolate the site

if treatment of the affected aquatic ecosystem is



neutralise and dilute surface-water

not feasible



treat discharge waters by neutralisation or biological
treatment.

Limited further intervention



assess risk



communicate with stakeholders



undertake monitoring



assess responsibilities and obligations and take
action as required.

Controlling or treating acidification

Source: EPHC & NRMMC (2011)
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If acid sulfate soils have formed, prevention of oxidation, usually by keeping the sediments
inundated to sufficient depth, is a potential strategy. If oxidation of acid sulfate soils occurs and the
sediment and/or water column acidifies, neutralisation may be necessary.
A number of ways of neutralising the sediment and or water column have been identified (Baldwin &
Fraser 2009), including:


the addition of chemical ameliorants such as lime



using aluminosilicate clay and carbonates lying beneath the acid sulfate soils as buffering
agents



introducing alkalinity through burning plant material



promoting microbial respiration through the addition of a carbon source (some microbial
processes such as iron and sulfate reduction produce alkalinity).

By far the most practical of these approaches, especially in response to the localised acidification of
the Lower Lakes, has been the application of finely ground limestone (SA Department of
Environment and Natural Resources 2010). However, if the underlying cause is not treated,
neutralisation is only a short-term solution.
If it is not feasible to rehabilitate a particular site, attention must be given to protecting the rest of the
environment, particularly the downstream waterways. Two broad approaches can be used to protect
downstream waterways —isolation of the wetland or dilution and/or treatment of the discharge
waters.

Managing affected wetlands in the Murray–Darling Basin
Much of the current literature on the management of acid sulfate soils in inland waterways is on a
wetland-by-wetland basis, and gives the impression that only individual wetlands are affected.
However, the current study of the distribution of impacted wetlands in the Murray–Darling Basin has
found that certain regions of the Basin are severely affected, particularly the lower River Murray and
the western region of the Edward–Wakool River system. This means that treatment of individual
wetlands would not substantially reduce the risk posed by the problem — the problem needs to be
dealt with at a regional scale.
The principal drivers of the acid sulfate soils development in Murray–Darling Basin waterways are
increased movement of salt through the landscape and changes to riverine hydrology.
For the most part, acid sulfate soils in inland Australia are directly linked to exposure to salt. Longterm mitigation of salinity will also reduce the likelihood of the development of acid sulfate soils.
Acid sulfate soils require a source of sulfate for their formation. In inland Australia the largest pool of
sulfate is saline groundwater; therefore, the presence of acid sulfate soils in inland waterways is
often a manifestation of rising groundwater levels bringing subterranean salt to the surface. Acid
sulfate soils will remain a management issue until the causes of rising water tables are addressed.
While the presence of acid sulfate soils is often a symptom of increased movement of salt through
the landscape, changes in river management, in particular the loss of both low flows and floods,
have contributed to the problem.
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Low flows
Under natural flow regimes most floodplain wetlands would have experienced drying events on a
fairly regular basis. Even if acid sulfate soils did form, frequent drying events would have meant that
sulfidic material probably would not build up to the point where it posed an environmental risk.
This is no longer the case for many wetlands. Along the River Murray in particular, river regulation
and river operation have meant that many wetlands close to the river channel are now inundated for
much longer periods — or in different seasons — than they normally would have been.
Examples include:


High summer irrigation flows filling adjacent wetlands at a time when they normally would be
drying out (the higher temperatures also dramatically increase the rate at which acid sulfate
soils accumulate).



Weir pools and other water storages can raise the watertable in the adjacent floodplain or
maintain surface connectivity via channels, keeping wetlands inundated for unnaturally long
time periods. Because these waterways remain inundated for much longer than they
naturally would have been, if sulfur (salt) is present, acid sulfate soils can form at levels that,
if disturbed, can result in adverse risk to the environment.

High flows and floods
Periodic flooding, even by small-to-intermediate floods, would have naturally ‘reset’ waterways by
flushing out salt and acid, with higher flows scouring out affected sediments. Any potentially adverse
water quality effects such as acidification, de-oxygenation or metal release would have been
negated by dilution. Over-bank floods would also have increased the likelihood of a freshwater lens
forming on top of saline groundwater, insulating wetland sediments from the presence of salt.
Rehabilitation options such as liming really only treat the symptoms of the problem and do not
address the underlying causes. Sulfidification can fundamentally change the ways that aquatic
ecosystems function. In such cases it is not possible to retro-engineer resilience into the systems.
However, by rethinking managed riverine flow regimes, it may be possible to minimise the formation
of acid sulfate soils in waterways, or mitigate their worst effects if they are already present.
This may be particularly important if riverine flows change in the face of extended dry phases —
lower flows in southern Basin areas would result in more instances of acid sulfate soils in inland
aquatic ecosystems being exposed to the air (oxidised) because of wetland drying, with fewer floods
to flush contaminants out of the system.
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Figure 5.1 Acid sulfate soils in the Finniss River near Lake Alexandrina, South Australia (Rebecca Turner, South
Australian Murray–Darling Basin Natural Resources Management Board)

In 2008 and 2009, low inflows and drought resulted in record low water levels in the Lower Lakes,
exposing acid sulfate soils and increasing the risk of acidification.
In response to this risk a number of on-ground actions were put in place by the South Australian
Government, with support from the Australian Government and the Murray–Darling Basin Authority;
these included:







The Lake Albert Water Level Management Project, which involved the construction of a
blocking bank at Narrung and pumping from Lake Alexandrina to Lake Albert to maintain
lake levels in Lake Albert above critical acidification water levels.
The Goolwa Water Level Management Project, which included the Currency Creek and
Goolwa Channel temporary regulators together with pumping from Lake Alexandrina to
create pools to submerge acid sulfate soils and the application of limestone to mitigate
acidity released from acid sulfate soils into the water.
Vegetation to promote bioremediation, including seeding several thousands of hectares of
exposed lakebed sediments with annual species.
The purchase of water by South Australia and the provision of environmental water from the
Commonwealth Environmental Water Holder and The Living Murray to maintain higher water
levels in the lake.

In 2008, the Murray–Darling Basin Ministerial Council also endorsed a real time management
strategy to avoid acidification in the Lower Lakes. The key elements of the strategy are the
monitoring of water quality acidification parameters (pH, alkalinity and water levels) and the
introduction of minimum quantities of sea water if water level or alkalinity triggers are met. The
strategy is currently being reviewed to incorporate the latest scientific research, links with the Murray
Futures long-term plan for the Coorong, Lower Lakes and Murray Mouth and revised acidification
threshold modelling undertaken by South Australia.
The risk of acidification in the Lower Lakes eased in 2010 when higher inflows from the Darling and
Murray systems and Lower Lake tributaries reached the Lower Lakes, ensuring lake levels have
remained above critical water level acidification thresholds. Even so, a significant acidity load
remains in the soil profile and localised metal release and deoxygenation risks have emerged.
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6. Conclusions
The Murray–Darling Basin Acid Sulfate Soils Risk Assessment project has substantially increased
knowledge of acid sulfate soils occurrence throughout the Murray–Darling Basin, and the hazards
and risks associated with these soil materials. The distribution of affected wetlands shows the
problem is not isolated to individual wetlands, which could be treated, but impacts on whole sections
of rivers including the lower River Murray in South Australia and the western part of the EdwardWakool River system in New South Wales. Because the formation of acid sulfate soils is closely
linked to increased movement of salt through the landscape, long-term mitigation of salinity will also
reduce the likelihood of acid sulfate soils development.
Waterways found to contain acid sulfate soils at levels of concern were located in the southern
Murray–Darling Basin. Acid sulfate soils were extensive throughout many wetlands along the lower
River Murray in South Australia and in the western part of the Edward–Wakool River system in New
South Wales. In Victoria, the affected sites appear localised around Mildura and in some areas
impacted by dryland salinity. This is consistent with other assessments of acid sulfate soils
completed in the Murray–Darling Basin (see, for example, Fitzpatrick et al. 2008a, 2008b, 2008c,
2010; SA Department of Environment and Natural Resources 2010; Shand et al. 2008, 2009a,
2009b, 2010; Ward et al. 2010b).
Of the Ramsar wetlands, acid sulfate soils were found at levels that present a medium-to-high
hazard for acidification, deoxygenation and/or metal release at Banrock Station wetland complex,
Riverland, some lakes in the Kerang Wetlands and, in a separate study, the Lower Lakes.
While acid sulfate soils in the other Ramsar wetlands were at levels that do not currently pose
substantial hazards, many of these wetlands had elevated levels of sulfate (a precursor for the
formation of acid sulfate soils), indicating the potential for acid sulfate soils to form in the future if
water levels in those wetlands are kept high for unnaturally long periods. This is an important finding
for future management of these ecologically significant sites.
Based on the risk assessment matrix developed in the project, the risk posed by acid sulfate soils in
wetlands where they are present at levels that are considered hazardous can be categorised as
‘high’.
Acid sulfate soil development is linked to changes in hydrology and hydrogeology, in particular the
maintenance of high water levels in ephemeral systems for unnaturally long periods and the
reduction in frequency of large flushing floods over floodplains. The hydrogeological processes that
drive the formation of acid sulfate soils are also linked to the processes that drive salinity. As such,
actions to reduce the likelihood of acid sulfate soils developing should be considered in conjunction
with action to address long-term salinity.
This three-year project has led to major advances in knowledge and understanding of acid sulfate
soils in inland aquatic ecosystems. Project collaborators have been at the forefront of research into
this subject and in developing opportunities for further research; as a result, this new knowledge is
being employed in the assessment of acid sulfate soil occurrence — and the associated hazards
and risks — in the priority wetlands of the Murray–Darling Basin.
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Future priorities
The purpose of this project was to determine the spatial occurrence of acid sulfate soils in the
Murray–Darling Basin and the risks they pose. While we now have a baseline to assess how the
distribution and risk posed by acid sulfate soils changes over time, the project has also highlighted
areas where knowledge of the underlying processes are inadequate to inform the long-term
management of the problem; in particular:


Surface and groundwater interactions: understanding of the complex interactions between
surface-water flow, groundwater processes, biogeochemistry and the development of acid
sulfate soils in inland aquatic ecosystems is still inadequate for the development of
satisfactory management strategies. Implementing effective flow regimes for multiple benefits
requires a much more robust understanding of these complex interactions.



Ecosystem resilience: this project has highlighted that disturbing acid sulfate soils can lead
to severe degradation of aquatic ecosystems during both dry and wet times. However, it has
also highlighted the knowledge deficit of the thresholds of ecosystem resilience.
o

o

Ecosystem resilience is a measure of the extent to which an ecosystem can recover
after a perturbation is removed. Acid sulfate soils pose a number of hazards including
acidification, deoxygenation and metal release. Knowledge is urgently needed on the
long-term ecological impacts that arise from these hazards under different water
management strategies. Even if the impacts of disturbed acid sulfate soils could be
reversed, questions remain on whether the ecosystem will return to its original state
and what management interventions are necessary to aid recovery.
The project has also shown that wetlands containing acid sulfate soils generally do
not occur in isolation; many wetlands containing acid sulfate soils are found in the
same area. We do not understand the ecological consequences for the landscape of
the impact of simultaneous disturbance of acid sulfate soils in multiple wetland
systems.

37

Emerging issues
Rising saline and acidic groundwater in southern Queensland
Field evidence in broadacre irrigated lands in the Lower Border Rivers, Lower Moonie, Lower
Balonne and Lower Warrego floodplains suggests the development of modern acid sulfate soilrelated materials can occur in sumps, storages and channels, particularly in areas of gypseous
clays. In these floodplains, very saline groundwater (30,000–50,000 µS/cm) naturally exists within
30 m of the land surface. Natural acidity (pH less than 5.5) is a feature of the soil/regolith (below
about 0.6 m depth) and groundwater in some areas, particularly the Lower Border Rivers alluvia.
Groundwater in part of the Lower Border Rivers alluvia is rising at up to 0.5 m/y. While the soils are
calcareous, and substantial acid buffering capacity exists in the landscape, there is a threat posed
by connectivity of saline (and acidic) groundwater discharge to the local aquatic ecosystems.
Non-sulfidic acidity — the role of salinity and iron
As part of the National Water Commission project on the drivers of acid sulfate soils in inland water
ways, an alternate pathway for acidification in wetlands was noted (Klein et al. 2010). Iron is used by
some bacteria for respiration in the absence of air. If reduced iron is oxidised, it will produce acid.
Reduced iron is bound up in the clay matrix present in sediments. The clay helps protect the iron
from oxidation and therefore is often benign. However, recent research has shown that increases in
salinisation can result in the liberation of reduced iron into the overlying water, which can create a
pulse of acidity. This explains a number of anomalous results from wetlands in the upper River
Murray Valley. These wetlands did not contain acid sulfate soils but had high actual acidity
(measured by treating the soil with a salt solution and then measuring the pH). Wetlands containing
high levels of occluded reduced iron are at risk of periodic pulses in salinity (e.g. coming from
municipal wastewater).
Acidic drainage from reclaimed swamps along the lower River Murray
Water monitoring by the South Australian Environmental Protection Authority and soil analyses by
CSIRO in February–March 2011 detected acidic drainage water and adjacent acid sulfate soils with
sulfuric material at several locations in the Lower Murray reclaimed irrigation area.
Six of 11 locations tested had water in the range pH 2 to 4. Follow-up monitoring of the river channel
adjacent to the Jervois irrigation area drainage pump discharges (near Tailem Bend) showed that
the acidic water is mixing and diluting very rapidly. No impacts were detected in the main river
channel. These irrigation areas have necessary drainage to avoid back-flooding of pastures. This
acidic drainage and sulfuric soil issue has not been created by the irrigators or their operations;
rather, it is likely a manifestation of the low water tables created by the low river level during the
drought and the inability of irrigators to access water or much of their water allocation. These low
water tables under the floodplain during the drought likely resulted in oxidation of previously
undisturbed acid sulfate soils. The return of water levels and recommencement of irrigation has
mobilised this acidity and caused precipitation of the orange-coloured mineral schwertmannite in
drains (i.e. pH 2.5 to 3.5 – see Figure 6.1).
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Figure 6.1 Acidic (pH 3) iron-rich drain water (Luke Mosley, SA Environment Protection Authority)
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Appendix A Definitions of acid sulfate soil materials
Recently, the Acid Sulfate Soils Working Group of the International Union of Soil Sciences agreed to
adopt in principle the following five descriptive terminology and classification definitions of acid
sulfate soil materials.
These definitions were proposed by Professor Leigh Sullivan and co-authors in a plenary lecture
and Acid Sulfate Soils Working Group meeting at the Sixth International Acid Sulfate Soil and Acid
Rock Drainage Conference in September 2008 in Guangzhou, China (Sullivan et al. 2008).
In October 2008, this new classification system for acid sulfate soil materials (Sullivan et al. 2010)
was adopted by the Scientific Reference Panel of the Murray–Darling Basin Acid Sulfate Soils Risk
Assessment project for use in the detailed assessment of acid sulfate soils in the Murray–Darling
Basin.
The criteria to define acid sulfate soil materials are listed in Table A.1.
Non-acid sulfate soil materials
In addition the Scientific Reference Panel of the Murray–Darling Basin Acid Sulfate Soils Risk
Assessment project agreed to identify the other acidic soil materials arising from the detailed
assessment of wetland soils in the Murray–Darling Basin, even though these materials may not be
the result of acid sulfate soils processes (e.g. the acidity developed during ageing may be the result
of Fe2+ hydrolysis, which may or may not be associated with acid sulfate soil processes).
Also the acidity present in field soils may be due to the accumulation of acidic organic matter and/or
the leaching of bases. Of course, these acidic soil materials may also pose a risk to the environment
and would be identified during the present course of the phase 1 detailed assessment. The definition
of these other acidic soil materials for the detailed assessment of acid sulfate soils in the Murray–
Darling Basin is as follows:




Other acidic soil materials — either:
o

non-sulfidic soil materials that acidify by at least a 0.5 pHw unit to a pHw of <5.5 during
moist aerobic incubation

o

soil materials with a pHw ≥4 but <5.5 in the field.

Other soil materials — soils that do not have acid sulfate soil (or other acidic) characteristics.
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Table A.1 Criteria to define acid sulfate soil materials

Materials

Criteria

Sulfuric materials

Soil materials currently defined as sulfuric by the Australian Soil
Classification (Isbell 1996). Essentially, these are soil materials with a
pHw < 4 as a result of sulfide oxidation.

Sulfidic materialsa

Soil materials containing detectable sulfide minerals (defined as
containing greater than or equal to 0.01% sulfidic S).
The intent is for this term to be used in a descriptive context (e.g.
sulfidic soil material or sulfidic sediment) and to align with general
definitions applied by other scientific disciplines such as geology and
ecology (e.g. sulfidic sediment).
The method with the lowest detection limit is the Cr-reducible sulfide
method, which currently has a detection limit of 0.01%; other methods
(e.g. x -ray diffraction, visual identification, Raman spectroscopy or infra
red spectroscopy) can also be used to identify sulfidic materials.

Hypersulfidic material

Hyposulfidic material

Sulfidic material that has a field pH of 4 or more and is identified by
experiencing a substantialb drop in pH to 4 or less (1:1 by weight in
water, or in a minimum of water to permit measurement) when a 2–
10 mm thick layer is incubated aerobically at field capacity. The
duration of the incubation is either:



until the soil pH changes by at least 0.5 pH unit to below 4, or



until a stablec pH is reached after at least eight weeks of
incubation.

Sulfidic material that has a field pH of 4 or more, and does not
experience a substantialb drop in pH to 4 or less (1:1 by weight in water,
or in a minimum of water to permit measurement) when a 2–10 mm
thick layer is incubated aerobically at field capacity.
The duration of the incubation is until a stablec pH is reached after at
least eight weeks of incubation.

Monosulfidic materials

Soil materials with an acid volatile sulfur content of 0.01% S or more.

Notes
a

This term differs from previously published definitions in various soil classifications (e.g. Isbell 1996).

b

A substantial drop in pH arising from incubation is regarded as an overall decrease of at least 0.5 pH unit.

c

A stable pH is assumed to have been reached after at least eight weeks of incubation when either the
decrease in pH is <0.1 pH unit over at least a 14-day period or the pH begins to increase.
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Appendix B Project approach
Given the large number of wetlands in the Murray–Darling Basin, a four-step approach was
undertaken to identify, prioritise and assess potentially affected wetlands in the Basin.
This approach was based on a method proposed by Baldwin et al. (2007), and modified by the Acid
Sulfate Soils Risk Assessment Advisory Panel. Specifically, this involved:


identifying and prioritising wetland assets within the Murray–Darling Basin



undertaking a desktop assessment of the likelihood that these wetlands could contain acid
sulfate soils, based on earlier water quality and other data



rapid on-ground assessment, including field observation and measurement of basic surface
water and sediment chemistry, to determine the potential presence of acid sulfate soils in
wetlands identified in the desktop assessment as likely candidates for having acid sulfate
soils



detailed assessment to determine acid sulfate soil-associated hazards and risk at wetlands
considered to have a high likelihood of acid sulfate soils. Selected wetlands of high
conservation value (Ramsar wetlands) and wetlands known to contain acid sulfate soils
(particularly those associated with the River Murray downstream of Lock 1) were immediately
assigned for detailed assessment of acid sulfate soil hazards.

Identification of wetlands
The initial stage in the project was identifying wetlands for consideration in the assessments. To
achieve this, the Risk Assessment Advisory Panel and Scientific Reference Panel were asked to
identify ‘categories’ of wetlands for inclusion, based on environmental significance, risk profile and
potential impacts on surrounding waters should acid sulfate soils risks materialise. Through this
process, it was agreed that the following categories of wetlands would be included:


Ramsar wetlands



wetlands listed on the Directory of Important Wetlands in Australia



wetlands in the River Murray system affected by regulated flows



managed wetlands



wetlands and creek systems receiving irrigation return water



wetlands located adjacent to domestic water supply offtakes



other wetlands identified by the jurisdictional representatives as high priority.

The task of compiling these wetlands was separated into two phases:


Phase 1 — an initial list comprising Ramsar wetlands, Directory of Important Wetlands in
Australia-listed wetlands and River Murray system wetlands affected by regulated flow was
provided to jurisdictions for confirmation or addition of wetlands within these criteria.



Phase 2 — a second list comprising managed wetlands, wetlands and creek systems
receiving irrigation return water, wetlands located adjacent to domestic water supply offtakes
and other wetlands identified by the Risk Assessment Advisory Panel as high priority was
compiled and supplied by jurisdictions.

47

Acid sulfate soils in the Murray–Darling Basin

The lists from phases 1 and 2 were merged to create the agreed list of priority wetlands for inclusion
in the project. A total of over 19,000 sites were identified.
Desktop assessment
The purpose of the desktop assessment stage was to identify wetlands possessing the typical
precursors for the development of acid sulfate soils (Baldwin et al. 2007); namely, input of sulfaterich water such as saline groundwater, wastewater and irrigation return water.
A number of steps were undertaken in the desktop assessment stage:


Step 1 — wetlands previously assessed for the presence of acid sulfate soils were identified
and the outcome of the assessment noted. No further assessment will be undertaken at
these sites.



Step 2 — priority wetlands were identified to proceed directly to the detailed assessment
stage. The priority wetlands as agreed by the Risk Assessment Advisory Panel included
Ramsar wetlands and River Murray wetlands downstream of Lock 1 (Blanchetown, South
Australia) affected by regulated flow that had not been previously assessed.



Step 3 — the remaining wetlands will undergo a desktop assessment against criteria
developed by the Scientific Reference Panel. These criteria are aimed at answering the
following questions for each wetland:
o

Does/did the wetland receive saline water?

o

Does/did the wetland receive wastewater?

o

Is/was the wetland used as irrigation storage?

o

Does/did the wetland receive irrigation return water?

o

Where salinity levels are regularly measured (at least six-monthly), do average
specific electrical conductance measurements exceed 1,500 EC?

o

Is the wetland above the level of regulated flow?

o

Does the wetland have an annual drying regime?

Any wetland that fitted one or more criteria in Step 3 proceeded to rapid on-ground assessment.
Where information was not available to assess a wetland against these criteria, the wetlands also
proceeded to rapid on-ground assessment.
Given the large number of wetlands identified in Queensland requiring rapid assessment, a filter was
employed to prioritise wetlands.1 The remaining wetlands not identified in either steps 2 or 3 were
not required to undergo further assessment because these wetlands were unlikely to contain acid
sulfate soils.
In all, about 1,500 wetlands were identified for rapid on-ground assessment.
1

Queensland authorities chose to include irrigation channels and storages as categories of ‘wetland’ for
assessment in the desktop phase, which added more than 6,000 records to the database, giving a total of
17,376 ‘wetlands’ in Queensland. The large number of almost 7,000 wetlands identified through the
desktop process as requiring rapid on-ground assessment necessitated the development of additional
criteria to provide a further filter for identification of priorities for assessment. Based on the additional
prioritisation of wetlands in Queensland, 43 areas for investigation were identified for rapid on-ground
assessment. From discussions with the Scientific Reference Panel, 200 sites were selected for rapid onground assessment. These sites provided adequate representation of the different landscapes and wetland
types throughout the Queensland Murray–Darling Basin.
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Rapid on-ground assessment
The next stage in the assessment process for identifying acid sulfate soil hazards and risks to
Murray–Darling Basin wetlands was undertaking a rapid on-ground assessment. This assessment
was a screening tool that identified sites with a high likelihood of acid sulfate soils occurrence;
assessment involved field observation and measurements of basic surface-water and sediment
chemistry.
A standardised rapid assessment method was developed to determine the likelihood of acid sulfate
soils at priority Murray–Darling Basin wetlands. This method was based on a published decision
support tool (Baldwin et al. 2007); modification of the method’s protocols by the Scientific Reference
Panel members to suit the purpose of the assessment was agreed by the Risk Assessment Advisory
Panel.
The rapid assessment method seeks to answer questions aimed at determining the likelihood of
whether a wetland contains acid sulfate soil materials. The method was deliberately kept simple to
ensure that implementation did not require specialised scientific expertise or equipment. The method
is based on recording a series of observations at the wetland that describe soil features and
measure soil pH and EC at defined points along a selected transect. Soil and/or water samples for
laboratory analysis were collected from each wetland. A series of photographs were taken to assist
with the analysis.
A rapid assessment field guide and recording sheet (see Appendix C) was developed to provide
clear instructions for implementing the rapid assessment method. The field guide was prepared for
use by state agency staff, regional natural resource managers and land managers; it outlines each
step required to complete the rapid assessment method. Transect diagrams were also produced to
clearly illustrate sampling locations for both wet and dry wetlands (figures B.1 and B.2). A field
recording sheet was also developed for capturing the required observations and measurements at
each wetland undergoing the rapid assessment method (see Appendix C).
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Figure B.1 Sampling locations for dry wetlands in the rapid assessment method (MDBA 2009)
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Figure B.2 Sampling locations for wet wetlands in the rapid assessment method (MDBA 2009)
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Once the wetland rapid on-ground assessment had been conducted, information captured in the
completed field recording sheet was transferred to electronic copy and submitted to the MDBA via
the web. This data was entered into the project database; by analysing these results, the project
team identified wetlands with a high probability of acid sulfate soils occurrence that were
recommended for detailed assessment and the development of management and mitigation options.
Jurisdictional coordinators were appointed to provide logistical support and to assist with
implementing the rapid on-ground assessments. The resourcing and coordination of rapid
assessments was led in New South Wales by the Department of Environment, Climate Change and
Water; in Victoria, by the Department of Sustainability and Environment; in Queensland, by the
Department of Environment and Resource Management; and in South Australia, by the South
Australian Murray–Darling Basin Natural Resources Management Board.
In addition, agencies within each jurisdiction provided support for the implementation of the rapid onground assessments. Of the almost 1,500 wetlands identified as requiring rapid on-ground
assessment, some 1,385 were actually assessed. The remaining wetlands could not be sampled
because of limitations of access for a variety of reasons, including the reluctance of private
landholders.
Detailed assessments
The detailed assessment stage determined the presence and extent of acid sulfate soils and
associated hazards and risks, including potential for acidification, metal release and deoxygenation
(or if the sediments were dry, the potential for monosulfide formation). This stage represents the first
point in the project when the presence of acid sulfate soils could be confirmed and the level of
hazard and risk described.
The detailed assessment involved more comprehensive sampling and analysis and thus required
significant scientific expertise; it was also substantially more expensive. Therefore, not all wetlands
identified in the rapid assessment phase as having a high likelihood of containing acid sulfate soils
were assessed during the detailed assessment phase. Rather, after preliminary review of all the
rapid assessment field sheets by jurisdictional representatives, Scientific Reference Panel members
and MDBA staff, it was apparent that the distribution of acid sulfate soils throughout the Basin was
highly regionalised. A number of priority regions were identified and representative wetlands were
chosen from each of these priority regions for detailed assessment. One hundred wetlands from the
following six identified priority regions were selected for further detailed assessment (see Figure
B.3):


Murray River, Lock 1 to Lock 5, South Australia (56 wetlands)



Mildura region, New South Wales and Victoria (8 wetlands)



Edward and Wakool rivers, New South Wales (12 wetlands)



Murray River, Hume to Yarrawonga, New South Wales and Victoria (6 wetlands)



Talwood–Mungindi region, Queensland (1 wetland)



Victorian northern flowing rivers (17 wetlands).
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Figure B.3 Detailed assessment priority regions

Because of their ecological importance, Ramsar wetlands were also included in the detailed
assessment phase, as were 62 wetlands below Lock 1 on the River Murray where acid sulfate soils
were known to occur.
The detailed assessment stage of the Murray–Darling Basin Acid Sulfate Soils Risk Assessment
project involved comprehensive analysis using a set of established and tested field and laboratory
methods to determine the presence and extent of acid sulfate soils and associated hazards,
including potential for acidification, metal release and deoxygenation (for full details of the detailed
assessment protocol, see MDBA 2010).
The protocol developed by the Scientific Reference Panel was a two-phase procedure (MDBA
2010).
Phase 1 investigations determined whether acid sulfate soil materials were present (or absent) in
the study area, provided characterisation of the properties and types of acid sulfate soil materials,
and gave an initial hazard assessment for each wetland. This phase involved full acid-base
accounting and pH testing using incubation techniques as the basis for the acidification hazard. The
deoxygenation hazard was estimated from the presence of monosulfides, or high levels of a
chemical (sulfate), which is needed for the formation of monosulfidic material. The metal release
hazard was inferred from the acidification risk coupled with the potential for monosulfides to form.
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Phase 1 activities included:


site selection



site and profile description



sample collection and storage



laboratory analysis (of soil and water)



identification of acid sulfate soil materials



prioritisation and selection of Phase 2 samples



interpretation and reporting.

Phase 2 investigations were conducted only if the acid sulfate soil materials identified during Phase
1 were determined to be a priority concern at the wetland-scale. Based on Phase 1
recommendations, samples underwent further analyses to measure actual metal release and
monosulfide formation. Risk assessment was then completed to determine the specific risks
associated with the acid sulfate soil materials.
Phase 2 activities included:


laboratory analysis (of soil)



risk assessment



interpretation and reporting, including discussion on broad acid sulfate soil management
options.
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Prioritisation of wetlands for further assessment
Following the rapid assessment phase of the project, almost 1,200 of the 1,385 rapid assessed
wetlands were rated as high priorities for further assessment according to exceedence of critical
parameter thresholds established by the Scientific Reference Panel.
The large number meant that a prioritisation process was needed to ensure the most efficient and
effective use of resources during the detailed assessment phase.
The jurisdiction prioritisation process (see Figure B.4, below) was developed to enable jurisdictional
authorities to answer questions in a decision model to prioritise wetlands for detailed assessment. A
data entry system was developed to capture and record the jurisdictional responses to the decision
model questions and therefore the outcomes of the prioritisation. The jurisdiction prioritisation
process resulted in the selection for detailed assessment of 100 representative wetlands across six
priority regions. A small number of lower priority wetlands were included for further assessment to
validate the approach.
Jurisdictional authorities were again requested to prioritise wetlands for Phase 2 assessment
following completion of Phase 1 detailed assessment. Wetlands were prioritised for further
assessment according to a number of criteria including regional representativeness.

Figure B.4 Decision model for the jurisdictional prioritisation of wetlands requiring detailed acid sulfate soils
assessment
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Appendix C Field recording sheet

Figure C.1 Field recording sheet (front page) for the rapid assessment of wetlands (MDBA 2009)
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Figure C.2 Field recording sheet (back page) for the rapid assessment of wetlands (MDBA 2009)
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Appendix D Project publications
The Murray–Darling Basin Acid Sulfate Soils Risk Assessment project created an immense
amount of new information. In all, more than 50 reports were prepared in the course of the
project (see Table D.1). The description/outcome section provides a short description of each
report.
Table D.1 Reports prepared during the Murray–Darling Basin Acid Sulfate Soils Risk Assessment project

Title

Author/date

Description/outcome

Pages

Landholder brochure — Acid
sulfate soils — assessing
the threat to the wetlands of
the Murray–Darling Basin

MDBC (2008)

This brochure provides
information on acid sulfate soils
and the MDBA Acid Sulfate Soils
Risk Assessment project to
landholders who have wetlands
to be assessed through the
project.

2

ASSAY newsletter — Issue
51: ‘The Murray–Darling
Basin Acid Sulfate Soil Risk
Assessment Project’

Kingham & Paterson (2010)

This article provides information
on the project approach and
methods as well as providing
results available at the time of
publishing.

4

Acid sulfate soils field guide
— Field guide for the
identification of wetlands at
risk of acid sulfate soils in
the Murray–Darling Basin

MDBA (2009)

This document provides a
standardised method, used for
the Murray–Darling Basin Acid
Sulfate Soils Risk Assessment
project rapid on-ground
assessments, to determine the
likelihood of the presence of acid
sulfate soils.

8

Detailed assessment of acid
sulfate soils in the Murray–
Darling Basin: Protocols for
sampling, field
characterisation, laboratory
analysis and data
presentation

MDBA (2010)

This document provides a
standardised method, used for
the Murray–Darling Basin Acid
Sulfate Soils Risk Assessment
project detailed assessments, to
determine if acid sulfate soils are
present and the associated
hazards and risks.

67

MDBC (2008)

This report to the Murray–Darling
Basin Ministerial Council meeting
45 (April 2008) provided the
project strategy and governance
arrangements, and identified key
issues in the implementation of
the project.

9

Communications

Methods/guides

Progress reports
Assessment of acid sulfate
soil risk at key wetlands in
the Murray–Darling Basin:
Interim report to the Murray–
Darling Basin Ministerial
Council

58

MDBC (2008)

This report to the Murray–Darling
Basin Ministerial Council meeting
46 (November 2008) highlighted
project progress and preliminary
results for the initial stages of the
project.

41

Acid sulfate soils rapid
assessment summary
sheets — South Australia

MDBA (2009)

Provides a two-page summary
including field observations and
descriptions, site and soil profile
photographs, and measurement
of basic surface water and
sediment chemistry for each
wetland assessed in South
Australia.

770

Acid sulfate soils rapid
assessment summary
sheets — Victoria

MDBA (2009)

Provides a two-page summary
including field observations and
descriptions, site and soil profile
photographs, and measurement
of basic surface water and
sediment chemistry for each
wetland assessed in Victoria.

756

Acid sulfate soils rapid
assessment summary
sheets — New South Wales

MDBA (2009)

Provides a two-page summary
including field observations and
descriptions, site and soil profile
photographs, and measurement
of basic surface water and
sediment chemistry for each
wetland assessed in NSW.

844

Acid sulfate soils rapid
assessment summary
sheets — Queensland

MDBA (2009)

Provides a two-page summary
including field observations and
descriptions, site and soil profile
photographs, and measurement
of basic surface water and
sediment chemistry for each
wetland assessed in
Queensland.

400

Acid sulfate soils rapid
assessment summary
sheets — Australian Capital
Territory

MDBA (2009)

Provides a two-page summary
including field observations and
descriptions, site and soil profile
photographs, and measurement
of basic surface water and
sediment chemistry for each
wetland assessed in the ACT.

8

Assessment of acid sulfate
soil risk at key wetlands in
the Murray–Darling Basin:
Progress report to the
Murray–Darling Basin
Ministerial Council
Rapid assessments

59

Aerial assessment of acid
sulfate soil hazards along
the Darling River corridor,
western New South Wales

Ralph & Baldwin (2009)

The aerial assessment of the
Darling River corridor conducted
in September 2008 provided a
rapid visual means of
determining the likelihood of acid
sulfate soil hazards in the main
Darling River channel and its
branches and wetlands. The
survey found that the majority of
the system appeared to be
drought-stressed with no obvious
signs of acid sulfate soils.

14

Acid sulfate soil assessment
of sediments in the banks of
the River Murray between
Blanchetown (Lock 1) and
Wellington (in draft)

AK Baker, P Taylor, K
Mason and M Fogg (2010)

This report documents the
findings from the assessment of
acid sulfate soil materials in the
banks of the River Murray below
Blanchetown using a modified
rapid assessment method.
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Inland acid sulfate soils –
rapid assessment report,
Queensland

A Biggs & T. King
(unpublished, 2008)

This report provides a summary
of the field observations and
occurrence of acid sulfate soils
throughout the various
landscapes in the Qld Murray–
Darling Basin that were
investigated in the rapid onground assessment phase of the
project.

20

Detailed assessments — phase 1
Priority regions
Assessment of acid sulfate
soil materials in the Edward
and Wakool Rivers region of
the Murray–Darling Basin

NJ Ward, RT Bush, LA
Sullivan, DM Fyfe, J
Coughran, M Tulau, B
Allman, D Morand &
VNL Wong (2010)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials in six of the 12
wetlands surveyed in the Edward
and Wakool Rivers region.

175

Assessment of acid sulfate
soil materials in the River
Murray, Hume to
Yarrawonga region of the
Murray–Darling Basin

NJ Ward, RT Bush, LA
Sullivan, DM Fyfe, J
Coughran, M Tulau, B
Allman, D Morand & VNL
Wong (2010)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials in two of the six
wetlands surveyed in the River
Murray, Hume to Yarrawonga
region.

132

Assessment of acid sulfate
soil materials in the Mildura
region of the Murray–Darling
Basin

NJ Ward, RT Bush, LA
Sullivan, P Cheeseman, R
McGrath, DM Fyfe, J
Coughran & VNL Wong
(2010)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials in seven of the eight
wetlands surveyed in the Mildura
region.

168

60

Assessment of acid sulfate
soil materials in the Victorian
northern flowing rivers
region of the Murray–Darling
Basin

SMEC (2010)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials in all 17 wetlands
surveyed in the Victorian
northern flowing rivers region.

370

Assessment of acid sulfate
soil materials in the
Talwood–Mungindi region of
the Murray–Darling Basin

NJ Ward, VNL Wong, RT
Bush, LA Sullivan, DM Fyfe,
J Coughran & T McIntyre
(2010)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials in the one wetland
surveyed in the Talwood–
Mungindi region.

59

Assessment of acid sulfate
soil materials in the Lock 1
to Lock 5 region of the
Murray–Darling Basin

G Grealish, P Shand, S
Grocke, A Baker, R
Fitzpatrick & W Hicks (2010)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials in all 56 wetlands
surveyed in the Lock 1 to 5
region.

661

Assessment of acid sulfate
soil materials in the Lock 1
to Wellington region of the
Murray–Darling Basin

G Grealish, R Fitzpatrick &
P Shand (2011)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials in 53 of 62 wetlands
surveyed in the Lock 1 to
Wellington region of the River
Murray.

611

Assessment of acid sulfate
soil materials in Ramsar
wetlands of the Murray–
Darling Basin: Lake
Albacutya

BP Thomas, NL Creeper,
RH Merry, RW Fitzpatrick,
P Shand & N Jayalath
(2009)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials at 1 of 4 sites surveyed
in Lake Albacutya

39

Acid sulfate soil materials in
Ramsar wetlands of the
Murray–Darling Basin:
Barmah Forest

BP Thomas, RH Merry,
NL Creeper, P Shand,
M Thomas, S Marvanek,
RW Fitzpatrick, W Hicks &
N Jayalath (2009)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials at 1 of 29 sites
surveyed in the Barmah Forest

69

Assessment of acid sulfate
soil materials in Ramsar
wetlands of the Murray–
Darling Basin: Currawinya
Lakes (Currawinya National
Park)

RT Bush, NJ Ward, LA
Sullivan, M Southwell, DM
Fyfe, P Cheeseman, C
Sauerland, M Bush, E
Weber & VNL Wong (2009)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials at 8 of 18 sites
surveyed in the Currawinya
Lakes

49

Acid sulfate soil materials in
Ramsar wetlands of the
Murray–Darling Basin:
Gunbower Forest

BP Thomas, RH Merry,
NL Creeper, P Shand,
M Thomas, S Marvanek,
RW Fitzpatrick, W Hicks &
N Jayalath (2009)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials at 3 of 30 sites
surveyed in the Gunbower Forest
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Ramsar wetlands

61

Assessment of acid sulfate
soil materials in Ramsar
wetlands of the Murray–
Darling Basin: Gwydir
Wetlands

LA Sullivan, NJ Ward, RT
Bush, M Southwell, DM
Fyfe, P Cheeseman, C
Sauerland, M Bush, E
Weber & VNL Wong (2009)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials at 3 of 13 sites
surveyed in the Gwydir Wetlands

41

Acid sulfate soil materials in
Ramsar wetlands of the
Murray–Darling Basin:
Hattah–Kulkyne Lakes

BP Thomas, NL Creeper,
RH Merry, P Shand, M
Thomas, RW Fitzpatrick, W
Hicks & N Jayalath (2009)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials at 3 of 20 sites
surveyed in the Hattah–Kulkyne
Lakes

80

Assessment of acid sulfate
soil materials in Ramsar
wetlands of the Murray–
Darling Basin: Macquarie
Marshes

RT Bush, NJ Ward, LA
Sullivan, M Southwell, DM
Fyfe, P Cheeseman, C
Sauerland, M Bush, E
Weber & VNL Wong (2009)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials at 4 of 20 sites
surveyed in the Macquarie
Marshes

44

Assessment of acid sulfate
soil materials in Ramsar
wetlands of the Murray–
Darling Basin: NSW Central
Murray State Forest

LA Sullivan, NJ Ward, RT
Bush, M Southwell, DM
Fyfe, P Cheeseman, C
Sauerland, M Bush, E
Weber & VNL Wong (2009)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials at 2 of 21 sites
surveyed in the NSW Central
Murray State Forest

44

Assessment of acid sulfate
soil materials in Ramsar
wetlands of the Murray–
Darling Basin: Narran Lake
Nature Reserve

RT Bush, NJ Ward, LA
Sullivan, M Southwell, DM
Fyfe, P Cheeseman, C
Sauerland, M Bush, E
Weber & VNL Wong (2009)

This phase 1 detailed
assessment did not identify the
presence of acid sulfate soil
materials at any of the 19 sites
surveyed in the Narran Lakes

44

Assessment of acid sulfate
soil materials in Ramsar
wetlands of the Murray–
Darling Basin: Paroo River
Wetlands

LA Sullivan, NJ Ward, RT
Bush, M Southwell, DM
Fyfe, P Cheeseman, C
Sauerland, M Bush, E
Weber & VNL Wong (2009)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials at 2 of 17 sites
surveyed in the Paroo River
Wetlands

45

Assessment of acid sulfate
soil materials in Ramsar
wetlands of the Murray–
Darling Basin: Fivebough &
Tuckerbil swamps

NJ Ward, RT Bush, LA
Sullivan, M Southwell, DM
Fyfe, PJ Cheeseman, C
Sauerland, M Bush & VNL
Wong (2011)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials at 3 of 13 sites
surveyed in the Fivebough &
Tuckerbil swamps

45

Assessment of acid sulfate
soil materials in Ramsar
wetlands of the Murray–
Darling Basin: Banrock
Station wetland complex

BP Thomas, RW Fitzpatrick,
P Shand, S Simpson, N
Jayalath (2011)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials at 7 of 8 sites surveyed
in the Banrock Station wetland
complex

36

Assessment of acid sulfate
soil materials in Ramsar
wetlands of the Murray–
Darling Basin: Riverland
Floodplain (in draft)

BP Thomas, RW Fitzpatrick,
P Shand, S Simpson, N
Jayalath (2011)

This phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials at 20 of 35 sites
surveyed in the Riverland
Floodplain

91

62

Assessment of acid sulfate
soil materials in Ramsar
wetlands of the Murray
Darling Basin: Kerang Lakes
(in draft)

BP Thomas, RW Fitzpatrick,
P Shand, S Simpson, N
Jayalath (2011)

This Phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials at 14 of 32 sites
surveyed in the Kerang Lakes.

79

Assessment of acid sulfate
soil materials in Ramsar
wetlands of the Murray–
Darling Basin: Coorong

RW Fitzpatrick, P Shand
and BP Thomas (2009)

This report provides a summary
of the acid sulfate soil materials
identified at 10 sites surveyed in
the Coorong. This work was
summarised from Fitzpatrick et
al. 2008c.

4

Acid sulfate soils
assessment in Finniss River,
Currency Creek, Black
Swamp and Goolwa
Channel, South Australia

RW Fitzpatrick, G Grealish,
P Shand, SL Simpson, RH
Merry and MD Raven (2009)

More than half of the sites
investigated contained sulfuric
material (pH < 4.0) while 37 of
the 39 sites (94%) have sufficient
net acidity that, if disturbed,
would be of concern. More than
91% of the sites assessed have a
significant potential acid hazard.

233

Acid sulfate soil assessment
at two sites in central
Victoria: Lower Loddon
River and Burnt Creek

BP Thomas, RH Merry, NL
Creeper, RW Fitzpatrick, P
Shand, MD Raven and N
Jayalath (2009)

This Phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials at all of the 4 sites
surveyed in Burnt Creek and 17
of the 19 sites surveyed in the
Loddon River at Major’s Line
Crossing.

113

Distribution and hazard of
sulfidic sediments in a river
and creek channel system of
the Murray–Darling Basin:
Edward–Wakool channel
system case study (in draft)

RT Bush, M Tulau, J
Coughran, NJ Ward, VNL
Wong, M Cheetham and D
Morand (2010)

This Phase 1 detailed
assessment identified the
presence of acid sulfate soil
materials at 76 of 131 sites
surveyed in the channels of the
Edward–Wakool River system.

293

Aspects of quaternary
geology, geomorphic
history, stratigraphy, soils
and hydrogeology in the
Edward–Wakool plains, with
particular reference to the
distribution of sulfidic
channel sediments (in draft)

M Tulau and D Morand
(2010)

This report found that the vast
majority of sulfidic channel sites
in the study area were in the
lower, western part of the area.
An outlier group of sites is
located in the Wakool district.
Severely sulfidic sites identified
within the study area are
overwhelmingly associated with
halite salinity, and to a lesser
degree, gypsum. The source of
sulfidity appears to be lateral
groundwater movement from
stream banks, with sodic soils
and erosion highly correlated with
sulfidity and salinity.

126

Other priority sites
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63

Priority regions
Assessment of acid sulfate
soil materials (Phase 2) —
Wakool River Billabong
(Wetland ID 20246) (in draft)

NJ Ward, RT Bush, LA
Sullivan, J Coughran and
DM Fyfe (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

36

Assessment of acid sulfate
soil materials (Phase 2) —
Glen Esk Rusty Waterhole
(Wetland ID 28200) (in draft)

NJ Ward, RT Bush, LA
Sullivan, J Coughran and
DM Fyfe (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

36

Assessment of acid sulfate
soil materials (Phase 2) —
Boiling Downs Creek
(Wetland ID 20177) (in draft)

NJ Ward, RT Bush, LA
Sullivan, J Coughran and
DM Fyfe (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

33

Assessment of acid sulfate
soil materials (Phase 2) —
Boeill Creek / Lagoon
wetland complex (Wetland
ID 21920) (in draft)

NJ Ward, RT Bush, LA
Sullivan, J Coughran and
DM Fyfe (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

33

Assessment of acid sulfate
soil materials (Phase 2) —
Brickworks Lagoon (Wetland
ID 40864) (in draft)

NJ Ward, RT Bush, LA
Sullivan, J Coughran and
DM Fyfe (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

35

Assessment of acid sulfate
soil materials (Phase 2) —
Bet Bet Creek (in draft)

SMEC (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

38

Assessment of acid sulfate
soil materials (Phase 2) —
Loch Garry wetland (in draft)

SMEC (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

41

Assessment of acid sulfate
soil materials (Phase 2) —
Richardsons Lagoon (in
draft)

SMEC (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

40
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Assessment of acid sulfate
soil materials (Phase 2) —
Coolcha Lagoon (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

37

Assessment of acid sulfate
soil materials (Phase 2) —
Craignook wetland (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

40

Assessment of acid sulfate
soil materials (Phase 2) —
Jury Swamp (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

46

Assessment of acid sulfate
soil materials (Phase 2) —
Lake Carlet (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

34

Assessment of acid sulfate
soil materials (Phase 2) —
Mannum Swamps (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

39

Assessment of acid sulfate
soil materials (Phase 2) —
Mypolonga Levee wetland
(in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

38

Assessment of acid sulfate
soil materials (Phase 2) —
Paiwalla managed wetland
(in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

36

Assessment of acid sulfate
soil materials (Phase 2) —
Riverglades wetland (in
draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

41
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Assessment of acid sulfate
soil materials (Phase 2) —
Swanport wetland (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

42

Assessment of acid sulfate
soil materials (Phase 2) —
Tailem Bend wetland (in
draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

36

Assessment of acid sulfate
soil materials (Phase 2) —
Taworri wetland (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

39

Assessment of acid sulfate
soil materials (Phase 2) —
Teal Flat Hut (downstream)
wetland (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

39

Assessment of acid sulfate
soil materials (Phase 2) —
Ukee Boat Club wetland (in
draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

41

Assessment of acid sulfate
soil materials (Phase 2) —
Wellington North (Murrundi)
wetland (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

37

Assessment of acid sulfate
soil materials (Phase 2) —
Wellington South wetland (in
draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

37

Assessment of acid sulfate
soil materials (Phase 2) —
Younghusband West
wetland (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

39

66

Assessment of acid sulfate
soil materials (Phase 2) —
Forster Lagoon (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

37

Assessment of acid sulfate
soil materials (Phase 2) —
Devon Downs North wetland
(in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

40

Assessment of acid sulfate
soil materials (Phase 2) —
Devon Downs South
wetland (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

39

Assessment of acid sulfate
soil materials (Phase 2) —
Swan Reach Ferry wetland
(in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

40

Assessment of acid sulfate
soil materials (Phase 2) —
Swan Reach Complex (in
draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

40

Assessment of acid sulfate
soil materials (Phase 2) —
Portee Creek (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

37

Assessment of acid sulfate
soil materials (Phase 2) —
Yarramundi North (Morgan’s
Lagoon) (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

40

Assessment of acid sulfate
soil materials (Phase 2) —
Little Toolunka Flat wetland
(Wetland ID 12209) (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

42
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Assessment of acid sulfate
soil materials (Phase 2) —
Murbpook Lagoon (Wetland
ID 12158) (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

39

Assessment of acid sulfate
soil materials (Phase 2) —
Hart Lagoon (Wetland ID
12006) (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

39

Assessment of acid sulfate
soil materials (Phase 2) —
Ramco Lagoon (Wetland ID
12046) (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

38

Assessment of acid sulfate
soil materials (Phase 2) —
Big Toolunka Flat wetland
(Wetland ID 12064) (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

38

Assessment of acid sulfate
soil materials (Phase 2) —
Schillers Lagoon (Wetland
ID 12259) (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

40

Assessment of acid sulfate
soil materials (Phase 2) —
Nigra Creek (Wetland ID
12294) (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

37

Assessment of acid sulfate
soil materials (Phase 2) —
Paringa Paddock wetland
(Wetland ID 12087) (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

38

Assessment of acid sulfate
soil materials (Phase 2) —
Berri Disposal Basin
(Wetland ID 12095) (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

37

68

Assessment of acid sulfate
soil materials (Phase 2) —
Disher Creek (Wetland ID
12254) (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

37

Assessment of acid sulfate
soil materials (Phase 2) —
Ajax Achilles Lake (Wetland
ID 12298) (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

38

Assessment of acid sulfate
soil materials (Phase 2) —
Katarapko Floodplain
(Wetland ID 12474) (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

37

Assessment of acid sulfate
soil materials (Phase 2) —
Loch Luna wetland (Wetland
ID 12531) (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

39

Assessment of acid sulfate
soil materials (Phase 2) —
Fivebough and Tuckerbil
Swamps (in draft)

NJ Ward, RT Bush, LA
Sullivan, M Southwell, J
Coughran and DM Fyfe
(2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.
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Assessment of acid sulfate
soil materials (Phase 2) —
Banrock Station Wetland
Complex

R.W. Fitzpatrick, B.P.
Thomas, S.L. Simpson, P.
Shand, R.H. Merry and N.
Jayalath (in prep.)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

Assessment of acid sulfate
soil materials (Phase 2) —
Riverland Floodplain

R.W. Fitzpatrick, B.P.
Thomas, S.L. Simpson, P.
Shand, R.H. Merry and N.
Jayalath (in prep.)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

Assessment of acid sulfate
soil materials (Phase 2) —
Kerang Lakes

R.W. Fitzpatrick, B.P.
Thomas, S.L. Simpson, P.
Shand, R.H. Merry and N.
Jayalath (in prep.)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.
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Assessment of acid sulfate
soil materials (Phase 2) —
Burnt Creek (in draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

44

Assessment of acid sulfate
soil materials (Phase 2) —
Lower Loddon River (in
draft)

P Shand, S Grocke, AK
Baker, RW Fitzpatrick, L
Smith, G Cozens & C
Fiebiger (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.

60

Assessment of acid sulfate
soil materials (Phase 2) —
Edward Wakool channel
system (in draft)

NJ Ward, RT Bush, LA
Sullivan, J Coughran and
DM Fyfe (2011)

Measured actual metal release
and/or monosulfide formation
potential. Risk assessment
determined specific risks
associated with the acid sulfate
soil materials.
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Appendix E Hazard assessment results
Table E.1 Acid sulfate soils hazard ratings from phase 1 detailed assessment of Ramsar wetlands

Wetland name

Acidification hazard

Deoxygenation
hazard

Metal release hazard

Lake Albacutya

Low

Low

Low

Banrock Station wetland
complex

Medium

High

Medium

Barmah Forest

Low to medium

Medium

Low

NSW Central Murray
State Forests

Low

High

Low

Currawinya Lakes
(Currawinya National
Park)

Low

High

Low

Fivebough and
Tuckerbil swamps

Low

Medium

Low

Gunbower Forest

Low

High

Low

Gwydir Wetlands
(Ginham & Lower
Gwydir [Big Leather]
watercourses)

Low

High

Low

Hattah–Kulkyne Lakes

Low

Medium

Low

Macquarie Marshes

Low

High

Low

Kerang Wetlands

Medium

High

Medium

Narran Lakes Nature
Reserve

Low

Low

Low

Paroo River Wetlands

Low

Medium

Low

Riverland

Medium

High

Medium
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Table E.2 Acid sulfate soils hazard ratings from phase 1 detailed assessment of wetlands between
Wellington and Blanchetown (Lock 1) along the River Murray (Grealish et al. 2011)

Wetland
identification
number

Name

Acidification
hazard

Deoxygenation Metal release
hazard
hazard

12700

Pomanda Bay

Medium

Low

Low

12701

Wellington Spit

Medium

Medium

Medium

12008

Wellington South

High

High

High

12007

Wellington

High

High

High

12702

East Wellington

High

High

High

12703

Wellington Marina

Medium to high

High

High

12704

Wellington North —
Murrundi

High

High

High

12705

Fred’s Landing

Low to medium

Medium

Low

12022

Tailem Bend

Medium

High

Medium

12121

Mason Rock

Low to medium

High

Low

12011

Tobalong

Medium

Medium

Medium

12708

Mobilong Swamp (Rocky
Gully)

Low

High

Low

12119

Riverglades

High

Medium

High

12041

Toora Levee

Medium

Medium

Medium

12709

Sunnyside - Sunnyside
Swamp (downstream)

High

High

High

12066

Mypolonga Levee

High

High

High

12715

Sunnyside — Paiwalla
(managed)

Low to medium

Medium

Low

12118

Sunnyside — Paiwalla
Swamp (upstream)

Medium to high

High

Medium

12040

Mypolonga North

High

Medium

High

12120

Paiwalla Gully

High

Medium

Medium

12711

Woodlane

Medium

Medium

Medium
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Wetland
identification
number

Name

Acidification
hazard

Deoxygenation Metal release
hazard
hazard

12039

Pompoota

Medium

Medium

Medium

12038

Wall Levee

Medium

Medium

Medium

12037

Wall Swamp

Medium

Medium

Medium

12017

Reedy Creek

Low

High

Low

12714

Baseby Levee

Medium

Medium

Medium

12218, 12248,
12249

Mannum Swamps

Low to high

High

Low to high

12205

Taworri

Medium to high

Medium

Medium

12030

Kia

Low to medium

Medium

Low

12247

Younghusband West
(downstream)

Low to medium

High

Low

12115, 12116

Pellaring Flat

Low to medium

Medium

Low

12716

Lake Carlet

Medium to high

High

Medium

12050, 12051,
12052

Younghusband (opposite
Lake Carlet)

Low to medium

High

Low

12717

Younghusband Point
(upstream)

Low

Medium

Low

12034

Teal Flat Hut (downstream)

High

High

High

12005

Teal Flat (upstream)

Low

High

Low

12004

Coolcha Lagoon

High

High

High

12299

Maidment Lagoon

Medium

Medium

Medium

12067

Bow Hill

Low to medium

High

Low

12332

Craignook

Medium to high

High

Medium

12105, 12106,
12107

Saltbush Flat

Medium to high

High

Medium

12015

Caurnamont

Low to medium

High

Low

12112

North Caurnamont

Medium to high

Medium

Medium

12306

Scrubby Flat

Low

Medium

Low

12719

Scrubby Flat Creek

Low

Medium

Low
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Wetland
identification
number

Name

Acidification
hazard

Deoxygenation Metal release
hazard
hazard

12029

Walker Flat, South Lagoon

Medium

High

Medium

12028

Lake Bywaters

High

High

High

12027

Forster Lagoon

Medium to high

High

Medium

12026

Wongulla Lagoon

Low

Low

Low

12490

Marne River Mouth

Medium

Medium

Medium

12019

Devon Downs North

High

High

High

12724

Greenways Landing

Low

Medium

Low

12109

Preiss Landing

Medium

High

Medium

12045

Henley Park

Medium

High

Medium

12328

Big Bend

Low to medium

Medium

Low

12044

Punyelroo

Medium

Medium

Medium

12001

Marks Landing

Low to medium

High

Low

12016

Swan Reach Ferry

Medium

Medium

Medium

12168, 12169,
12170, 12173,
12194

Swan Reach complex

Medium

Medium

Medium

12043

Yarramundi Creek

Medium

Medium

Medium

12729

South Portee

Low

Medium

Low

12730

Portee Creek

Low to medium

Medium

Low

21722

Moorundie

Low to medium

Medium

Low

12021

Moorundie Creek

Medium

Medium

Medium

12239

Blanchetown Flat —
Sweeneys Lagoon

Low

Medium

Low

12010

Arlunga

Low

Low

Low

12304

Brenda Park

Medium

Medium

Medium

12277, 12286

Morgan Conservation Park

Low to medium

Medium

Low
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Table E.3 Acid sulfate soils hazard ratings from phase 1 detailed assessment of wetlands along the River
Murray in the Locks 1 to 5 priority region (Grealish et al. 2010)

Wetland
identification
number

Wetland name

Acidification
hazard

Deoxygenation
hazard

Metal release
hazard

12006

Hart Lagoon

Low

High

Low

12032

Wombats Rest
Lagoon

Medium

Low to medium

Medium

12046

Ramco Lagoon

Low

Medium to high

Low

12063

Big Toolunka Flat

Medium

Low

Medium

12064

Big Toolunka Flat

Medium to high

Low to medium

Medium

12075

Wachtels Lagoon

Medium

Low

Medium

12086

Paringa Paddock

Medium to high

Low

Medium

12087

Paringa Paddock

Medium to high

High

Medium

12092

Berri Disposal
Basin

Low to medium

Low to medium

Low

12095

Berri Disposal
Basin

High

Low

Medium

12101

Berri Disposal
Basin

Low to medium

Low to medium

Low

12102

Berri Disposal
Basin

Low

High

Low

12103

Berri Disposal
Basin

Low

Medium

Low

12104

Berri Disposal
Basin

Low

Medium

Low

12132

Overland Corner

Low

Low

Low

12133

Overland Corner

Low to medium

Low

Low

12153

Mussel Complex

Low to medium

Medium

Low

12155

Mussel Complex

High

Low

High

12156

Mussel Complex

Medium

Medium

Medium

12158

Murbpook Lagoon
Complex

Low to medium

Medium to high

Low to medium

12161

Murbpook Lagoon
complex

High

Medium

High
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Wetland
identification
number

Wetland name

Acidification
hazard

Deoxygenation
hazard

Metal release
hazard

12209

Little Toolunka Flat

High

High

Medium

12211

Little Toolunka Flat

Medium

High

Medium

12212

Little Toolunka Flat

Medium

Medium

Medium

12214

Little Toolunka Flat

Low

High

Low

12254

Disher Creek

Medium

High

Medium

12259

Schillers Lagoon

Low

Medium

Low

12265

Overland Corner

Low to medium

Low

Low

12266

Schillers Lagoon

Low to medium

Low

Low

12272

Overland Corner

Low to medium

Medium

Low

12291

Boggy Flat

Medium to high

Medium

Medium

12292

Boggy Flat

Low to medium

Low to medium

Low

12294

Nigra Creek

High

Low

High

12298

Ajax Achilles

High

Low to medium

High

12301

Sinclair Creek

Medium

Medium

Low to medium

12323

Murbko Flat
Complex

Medium

Low to medium

Medium

12338

Gurra Complex

Low to medium

High

Low

12343

Gurra Complex

Medium

Medium

Medium

12363

Gurra Complex

Low

Low to medium

Low

12364

Gurra Complex

Medium

High

Medium

12471

Katarapko
Floodplain

Low to medium

Low

Low

12474

Katarapko
Floodplain

Medium

Low

Medium

12485

Katarapko
Floodplain

Low

Medium

Low

12486

Katarapko
Floodplain

Medium to high

Low

Medium

12488

Katarapko
Floodplain

Medium to high

Low

Medium
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Wetland
identification
number

Wetland name

Acidification
hazard

Deoxygenation
hazard

Metal release
hazard

12492

Loch Luna

Medium to high

Medium

Medium

12514

Katarapko
Floodplain

Low

Low

Low

12526

Katarapko
Floodplain

High

Low

High

12531

Loch Luna

High

Low

High

12565

Lyrup East

High

Medium

High

12566

Lyrup East

Medium to high

Low

Medium

12605

Yarra Complex

Medium to high

Medium

Medium

12606

Yarra Complex

Low to medium

Medium

Low

12608

Yarra Complex

Medium

High

Medium

15002

Katarapko
Floodplain

Low to medium

Medium to high

Low

15004

Katarapko
Floodplain

Low to medium

Low

Low

Table E.4 Acid sulfate soils hazard ratings from phase 1 detailed assessment of wetlands in the Mildura
priority region (Ward et al. 2010c)

Wetland
identification
number

Wetland name

Acidification
hazard

Deoxygenation
hazard

Metal release
hazard

40156

Karadoc Swamp

Low

High

Low to medium

40173

Lake Iraak

Low

High

Low to medium

40190

Spencers Bend
Billabong

Medium

High

High

40864

Brickworks Lagoon

High

High

High

40805

Merbein Common
— Catfish

Medium

High

High

40856

Outlet Creek

Low

High

High

21920

Boeill Creek

Medium

High

High

21921

Boeill Creek

Medium

High

Low
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Table E.5 Acid sulfate soils hazard ratings from phase 1 detailed assessment of wetlands in the Victorian
north flowing rivers priority region (SMEC 2010)

Wetland
identification
number

Name

Acidification
hazard

Deoxygenation
hazard

Metal release
hazard

40304

Round Lake

Low

Medium

Low

40355

Goulburn River

Low to medium

Medium

Low to medium

40383

Loch Garry

Medium

Medium

Medium

40400

Tullaroop Creek

Low to medium

Medium

Low to medium

40416

Gemmills Swamp

Low

Low

Low to medium

40486

Gunbower Creek

Medium

Medium to high

Medium

40553

Heppels Lagoon

Low

Low

Low

40590

Richardsons
Lagoon

Medium

Medium

Medium

48851

Avoca River at
Scollary Road
Bridge

Low to medium

Low to medium

Low to medium

40853

Buffalo Swamp

Low

Low

Low

40855

Wimmera River

Low

Medium to high

Low

40858

Richardson River

Medium

High

Medium

40859

Richardson River

Medium

High

Medium

40860

Bet Bet Creek

High

Medium

High

40861

Bet Bet Creek

High

Medium

High

40862

Bet Bet Creek

High

Medium

High

40863

Bet Bet Creek

High

Medium

High
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Table E.6 Acid sulfate soils hazard ratings from phase 1 detailed assessment of wetlands in the Edward–
Wakool Rivers priority region (Ward et al. 2010d)

Wetland
identification
number

Name

Acidification
hazard

Deoxygenation
hazard

Metal release
hazard

20035

–

Low

High

Low to medium

20111

–

Low

High

Low to moderate

20177

Boiling Downs
Creek

High

High

High

28200

Glen Esk Rusty
waterhole

High

High

High

20229

–

Medium

High

High

20230

–

Low

High

Low to medium

20246

–

High

High

High

20264

–

Low

High

Low to medium

20580, 20832,
20833, 21761

Wakool–Tullakool
evaporation
basins

Low

High

Low to medium

Table E.7 Acid sulfate soils hazard ratings from phase 1 detailed assessment of wetlands in the River
Murray - Hume to Yarrawonga priority region (Ward et al. 2010e)

Wetland
identification
number

Name

Acidification
hazard

Deoxygenation
hazard

Metal release
hazard

20132

Travellers Creek
(NSW)

Low

Low

Low

21928

Croppers Lagoon

Low

High

Low

21942

Dairy Lagoon

Medium

High

High

40205

Ovens River
Lagoon

Low

High

Low

40231

Ovens River
Lagoon 2

Medium

High

High

40790

Travellers Creek
(Vic.)

Low

Low

Low
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Table E.8 Acid sulfate soils hazard ratings from phase 1 detailed assessment of the wetland in the Talwood–
Mungindi priority region (Ward et al. 2010f)

Wetland
identification
number

Name

80050–54

Acidification
hazard

Deoxygenation
hazard

Metal release
hazard

Low

Low

Low

Table E.9 Acid sulfate soils hazard ratings from phase 1 detailed assessment of Edward–Wakool channels
(Bush et al. 2010)

Channel site
identification
number

Channel name

Acidification
hazard

Deoxygenation
hazard

Metal release
hazard

WC_9, WC_11,
WC_13, WC_18,
WC_19, WC_21,
WC_23, WC_24,
WC_26, WC_28,
WC_39, WC_46,
WC_53, WC_55,
WC_57, WC_58

Wakool River

High

High

High

WC_14, WC_22,
WC_29, WC_30,
WC_31, WC_34,
WC_35, WC_43,
WC_48, WC_49,
WC_50, WC_51,
WC_52, WC_56,
WC_60

Neimur River –
Collagen Creek

Medium

High

High

WC_47, WC_54

Yallakool Creek

Low

High

Low

WC_36, WC_37,
WC_38, WC_40,
WC_41, WC_44,
WC_45, WC_59

Jimaringle –
Cockran Creek

High

High

High

WC_25, WC_27,
WC_42

Barbers Creek

Medium

High

High

WC_15, WC_17

Mallan Mallan
Creek

High

High

High

WC_1, WC_2,
WC_3, WC_4,
WC_5, WC_6,
WC_7, WC_8

Merran Creek

High

High

High

WC_32, WC_33

Yarrein Creek

Low

High

Low
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Channel site
identification
number

Channel name

Acidification
hazard

Deoxygenation
hazard

Metal release
hazard

WC_10, WC_20

Wyam Creek

High

High

High

WC_16

Pissen Creek

Low

Low

Low

WW

Wakool Weir

Medium

High

High

GCJ

Genoe Creek
Junction

High

High

High

MB

Mallan Bridge
(downstream)

High

High

High

GGB

Gee Gee Bridge
(downstream)

Low

High

Low

YCJ

Yarrakool Creek
Junction

Medium

High

High

KBR

Kyalite Boat
Ramp

Medium

High

High
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