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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

Prior to mid 2010, drought in south eastern Australia led to lowered water levels and exposure of large
areas of previously submerged soils and sediments in the Lower Lakes (Lakes Alexandrina and Albert)
and adjacent tributaries (Finniss River and Currency Creek). The exposure and drying of hypersulfidic
materials caused a number of impacts related to Acid Sulfate Soils (ASS) in the Lower Lakes. These
included soil acidification and more locally, water acidification and metal mobilisation.

From March 2010, increased rainfall within the Murray-Darling Basin catchment resulted in high flows
and increased water levels in Lakes Alexandrina and Albert increasing from approximately -0.8 m to
managed levels around +0.75 m Australian Height Datum (AHD). Hence, oxidised acidic soils that had
formed along the previously dried margins of the Lower Lakes became inundated.

Prolonged inundation of oxidised ASS material can promote the onset of reducing conditions, that
ultimately results in the reduction of sulfate to sulfide. Although this process typically results in a trend
back towards previous conditions when the soils were inundated, the timescales were poorly known and
in the interim period acidity and contaminants may be released to the soil porewaters. Surface water may
flush acidity (H") and trace metals either down through the profile and/or into the water column. The
degree to which acidic soils had been neutralised following reflooding generally fell into four categories
depending on time of inundation and degree of neutralisation (increase in soil pH/alkalinity):

1. Limited neutralisation throughout profile (inundated: 2% and 3 years)
2. Limited neutralisation throughout profile (inundated: 21 months)

3. Neutralisation of upper 20 to 40 cm of profile (inundated: 21 months)
4. No significant neutralisation (inundated: 21 months)

Generally, soil material that had remained non-acidic during drought conditions was relatively unaffected
by reflooding and transformed from hyposulfidic/hypersulfidic to hyposulfidic/hypersulfidic subaqueous.

Changes in soil conditions have resulted in cycling of acidity from potential to actual acidity and a partial
return to potential acidity. The rate and processes which control acidic soil neutralisation in the Lower
Lakes has been poorly understood. It is dependent inter alia on duration of inundation, landscape
position, soil texture, mineralogy and organic carbon content. Additionally, when future droughts cause
these sediments to become exposed again, it is unclear how rapidly they will re-acidify.

Contaminant and metalloid dynamics tests were undertaken to determine contaminant hazards and
temporal changes in solute chemistry. These highlighted the presence and bioavailability of a range of
contaminants in the selected study areas around Lake Alexandrina (Dog Lake, Boggy Lake and Point
Sturt), many above ANZECC Guideline values for freshwater ecosystems.

Follow-on work should include annual monitoring of ASS in the Lower Lakes to provide important
information about soil acid-neutralisation rates following inundation which will be used for management
decision making. In-situ sampling should be undertaken to determine porewater concentrations at a
greater resolution, the latter being related to advective vs. diffusive fluxes as well as chemical buffering
reactions within the soil, required for an understanding of transport mechanisms and prediction of impact.
Future work could also focus on imposed changes e.g. wetting and drying, but should be undertaken at
least at soil core scale to better mimic reaction-transport in the complex profiles in the Lower Lakes.
Finally, the impacts on soil ecosystem function and biodiversity are poorly understood and should be
given some scope in future research programs.
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1. INTRODUCTION

1.1 Background

Prior to mid 2010, reduced inflows from the River Murray to Lakes Alexandrina and Albert (the Lower
Lakes) in South Australia resulted from the persistent drought in the Murray-Darling Basin. In the Lower
Lakes, the combination of decreasing water levels and gently sloping near-shore lake beds caused large
expanses of previously inundated sediments and subaqueous soils to be exposed. With continued
lowering of water levels, to as low as -1.0 m AHD, hypersulfidic and hyposulfidic materials became
progressively oxidised to greater depths in the soil profiles. The resultant formation of sulfuric material
(pH < 4) produced water quality, ecological and public health issues from metal/metalloid mobilisation,
de-oxygenation, wind erosion and noxious gas release.

Increased rainfall within the Murray Darling Basin catchment, from March 2010, caused increased water
levels and inundation of sulfuric materials that had formed in the previously dried margins of the Lower
Lakes.

1.2 Aims and scope of work

This work was co-funded by CSIRO and the Department of Environment, Water and Natural Resources
(DENR). The aims of this investigation were to:

1. Assess the rate and extent of neutralisation of previously acidified ASS material in the Lower
Lakes (Alexandrina and Albert) and adjacent tributaries (Finniss River and Currency Creek)
following re-flooding.

2. Continue a soil monitoring program around the margins of the lakes and adjacent tributaries to
evaluate any changes associated with rewetting.

3. Complete contaminant and metalloid dynamics tests to assess the potential of metals and
metalloids to be mobilised from ASS.

4. Provide briefings, short monthly summary reports and interim reports of baseline data to
underpin long-term management and ongoing monitoring options.

5. Provide data/information to inform DEWNR’s development of future Drought Response
Strategies.

6. Publish a final report on all findings in relation to envisaged outcomes with maps, diagrams and
detailed appendices (including all field and laboratory data).

The investigation encompassed 17 study areas that were located around the margins Lake Alexandrina,
Lake Albert and tributaries (Figure 1-1). These were generally representative of the diverse environments
encountered around the lakes based on ASS investigations in the region since 2007 (e.g. Baker et al.
2010; Fitzpatrick et al. 2010a; Fitzpatrick et al. 2008a; Fitzpatrick et al. 2008b; Fitzpatrick et al. 2009b;
Fitzpatrick et al. 2008c).
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Figure 1-1 Map of the Lower Lakes and adjacent tributaries showing the locations of the 17 study areas.

1.3 Definitions

The Acid Sulfate Soil Working Group of the International Union of Soil Sciences has recently agreed in
principle to adopt changes to the classification of ASS materials and horizons (Sullivan et al. 2010). This
report follows these recommendations. ASS are essentially soils containing detectable sulfide minerals,
principally pyrite (FeS,) or monosulfides (FeS). The definitions used in this report are:

Sulfuric: Soil material that has a pH less than 4 (1:1 by weight in water, or in a minimum of water to
permit measurement as currently defined by the Australian Soil Classification, Isbell 1996).

Sulfidic materials* — 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.

*This term differs from previously published definitions in various soil classifications (e.g. Isbell
1996).
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Hypersulfidic material — (adapted from Isbell (1996) with modifications to inter alia account for
recent  improvements to the incubation method (Sullivan et al. 2010)):
Hypersulfidic material is a sulfidic material that has a field pH of 4 or more and is identified by
experiencing a substantial** 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: a) until the soil pH changes by at least 0.5 pH unit to below
4, or b) until a stable*** pH is reached after at least 8 weeks of incubation.

Hyposulfidic material - (adapted from Isbell (1996) with modifications to inter alia account for
recent  improvements to the incubation  method  (Sullivan et al.  2010):
Hyposulfidic material is a sulfidic material that (i) has a field pH of 4 or more and (ii) does not
experience a substantial** 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 stable*** pH is reached after at least 8 weeks of incubation.

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

***A stable pH is assumed to have been reached after at least 8 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.

Monosulfidic materials - soil materials with an acid volatile sulfide content of 0.01%S or more.
Monosulfidic materials are subaqueous or waterlogged organic-rich materials that contain
appreciable concentrations of monosulfides. Monosulfidic black oozes are specific materials
characterised by their gel-like consistence.
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2. FIELD AND LABORATORY METHODS

2.1 Field sampling of soils

As part of this study, sampling was carried out in November/December 2011 and June 2012 (phase “e”
and “f”; Table 2-1).

Representative study areas were selected around the margins of Lakes Alexandrina and Albert as well as
from the tributaries (Finniss River and Currency Creek). At each study area, sampling sites were
generally located along toposequences on the margins of the lake or tributary wetland. Where possible,
the sites sampled for this project were positioned within a few metres of former sampling sites that had
been established as part of studies of ASS in Lake Alexandrina and Lake Albert (Baker et al. 2010; Baker
et al. 2011; Fitzpatrick et al. 2010a; Fitzpatrick et al. 2008a; Fitzpatrick et al. 2008b; Fitzpatrick et al.
2009b; Fitzpatrick et al. 2008c). A summary of earlier samplings (phases “a”, “b”, “c”, “d” and “h,”) are
presented in Appendix 3 and in Baker et al.(Baker et al. 2011).

The approach adopted was to monitor these environments over a six month period to help understand
changes associated with inundation and seasonality. On each sampling occasion, soil sites were re-
sampled within a few metres of original soil pits. A GPS was used to re-locate sample sites on each
monitoring occasion. Soil profile sampling was carried out by observable horizon, not fixed sampling
depths and was achieved using spades and a range of auger types. Sampling was relatively shallow (<
1.0 m) to encompass the materials most likely to be influenced by oxidation.

At each site, GPS co-ordinates and site descriptions were recorded. Grid coordinate locations (WGS84
datum) are presented in Table 2-1. Photographs of the site were taken at photographic points that had
been established in previous studies. Approximately four soil cores were collected at each study site
(refer to Appendix 9 for sampling methods). Cores were stored in ice for transportation to the laboratory.
In the laboratory, each core was photographed with a scale and horizons were subsampled. Soil material
was described and physical properties such as colour, consistency, structure and texture follow McDonald
et al. (1990). The presence of ‘sulfidic’ smells (e.g., H,S — rotten egg gas and methyl thiols) as well as
oxidising odours (SO,) were recorded. Representative sub-samples were placed in plastic jars for acid-
base accounting, electrical conductivity and pH measurements. Additional subsamples were collected in
chip trays for morphological study and ageing experiments. The analytical data for these analyses are
appended to this report (Appendices 4 to 7).
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Table 2-1 Sampling e: November and December 2011 sampling dates and location of soil sampling sites.
Eastings and Northings are based on the WGS84 datum, Zone 54H.

Site ID Locality Sampling Date Easting Northing
LFe01-A Wallys Landing and Wetland 13/12/2011 303198 6079714
LFe01-D Wallys Landing and Wetland 13/12/2011 303081 6079604
LFe02-A Point Sturt North 29/11/2011 321247 6070294
LFe02-B Point Sturt North 29/11/2011 321290 6070414
LFe03-A Milang 06/12/2011 316106 6079440
LFe03-B Milang 06/12/2011 316461 6079069
LFe04-A Tolderol 07/12/2011 331889 6083697
LFe04-C Tolderol 07/12/2011 331944 6083033
LFe06-A Poltalloch 12/12/2011 338984 6070340
LFe06-B Poltalloch 12/12/2011 338876 6070502
LFe07-A Waltowa 05/12/2011 352351 6059112
LFe07-B Waltowa 05/12/2011 352290 6059048
LFe08-A Meningie 15/12/2011 349066 6049328
LFe08-B Meningie 15/12/2011 349053 6049398
LFel0-A Campbell Park 19/12/2011 341307 6056483
LFel0-C Campbell Park 19/12/2011 341114 6056623
LFel0-D Campbell Park 19/12/2011 341097 6056787
LFel2-A Loveday Bay 19/12/2011 326796 6061286
LFel2-B Loveday Bay 19/12/2011 326711 6061362
LFel2-C Loveday Bay 19/12/2011 326420 6061713
LFel3-A Tauwitcherie 13/12/2011 319050 6060550
LFel5-B Boggy Creek 16/11/2011 311139 6065855
LFel5-C Boggy Creek 16/11/2011 311147 6065827
LFel7-A Point Sturt South 06/12/2011 314849 6069780
LFel7-B Point Sturt South 06/12/2011 314806 6069675
LFel19-A Dog Lake 07/12/2011 332033 6086787
LFel9-B Dog Lake 07/12/2011 331011 6085785
LFe20-A Boggy Lake 07/12/2011 335054 6089352
LFe20-B Boggy Lake 07/12/2011 334841 6090032
LFe21-A Windmill Site 12/12/2011 345597 6064184
LFe21-B Windmill Site 12/12/2011 345519 6064056
LFe23-A Lower Currency 14/12/2011 301055 6072892
LFe24-A Lower Finniss 14/12/2011 305780 6073929
LFe24-B Lower Finniss 14/12/2011 305780 6073929
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Table 2-2 Sampling f: June 2012 sampling dates and location of soil sampling sites. Eastings and
Northings are based on the WGS84 datum, Zone 54H.

Site ID Locality Sampling Date Easting Northing
LFf01-A Wallys Landing and Wetland 21/06/2012 303198 6079714
LFf01-D Wallys Landing and Wetland 21/06/2012 303081 6079604
LFf02-A Point Sturt North 15/06/2012 321247 6070294
LFf02-B Point Sturt North 15/06/2012 321290 6070414
LFf03-A Milang 15/06/2012 316106 6079440
LF{03-B Milang 21/06/2012 316461 6079069
LFf04-A Tolderol 21/06/2012 331889 6083697
LFf04-C Tolderol 18/06/2012 331944 6083033
LFf06-A Poltalloch 18/06/2012 338984 6070340
LF{06-B Poltalloch 19/06/2012 338876 6070502
LFfO7-A Waltowa 19/06/2012 352351 6059112
LFf07-B Waltowa 13/06/2012 352290 6059048
LFf08-A Meningie 13/06/2012 349066 6049328
LF{08-B Meningie 13/06/2012 349053 6049398
LFf10-A Campbell Park 13/06/2012 341307 6056483
LFf10-C Campbell Park 20/06/2012 341114 6056623
LFf10-D Campbell Park 20/06/2012 341097 6056787
LFf12-A Loveday Bay 20/06/2012 326796 6061286
LFf12-B Loveday Bay 13/06/2012 326711 6061362
LFf12-C Loveday Bay 13/06/2012 326420 6061713
LFf13-A Tauwitcherie 13/06/2012 319050 6060550
LFf15-B Boggy Creek 21/06/2012 311139 6065855
LFf15-C Boggy Creek 14/06/2012 311147 6065827
LFf17-A Point Sturt South 14/06/2012 314849 6069780
LFf17-B Point Sturt South 15/06/2012 314806 6069675
LFf19-A Dog Lake 15/06/2012 332033 6086787
LFf19-B Dog Lake 18/06/2012 331011 6085785
LFf20-A Boggy Lake 18/06/2012 335054 6089352
LFf20-B Boggy Lake 18/06/2012 334841 6090032
LFf21-A Windmill Site 18/06/2012 345597 6064184
LFf21-B Windmill Site 19/06/2012 345519 6064056
LFf23-A Lower Currency 19/06/2012 301055 6072892
LFf24-A Lower Finnis 14/06/2012 305780 6073929
LFf24-B Lower Finnis 14/06/2012 305780 6073929

2.2 Laboratory soil analysis methods

The general flowchart for soil sample collection and analysis is shown in Figure 2-1. Air was excluded as
far as possible from the samples. Following sampling, the soils were kept cool at 4°C until analysed.
Samples for acid-base accounting were air dried at 80°C. Moisture contents were recorded and bulk
densities estimated. Samples for sulfur suite analysis were sent to the Environmental Analysis
Laboratory of Southern Cross University. Samples were also stored in chip trays to conduct incubation
experiments to follow the course of potential acidification and confirm ASS status. Oven and air
dried/moist samples and chip tray samples were kept for long-term storage to allow for future re-sampling
and analysis, if required.
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(i) GPS coordinates recorded, surface
and soil features described (vegetation,
consistence, colour, texture)

(i) Photograph sample sites (including scale)

(iii) Collect approximately four 35 mm
soil cores using a vibrating Undisturbed
Wet Sediment sampler (UWS) or
D-auger

(iv) In the laboratory to open each core
and photograph with scale. Describe
cores and subsample

v

VA

{v) Place representative
subsample in morphology

chiptray
v ) v
(vii) 130 g dried {viii) Place representative (ix) 10 g of
at80°C subsample in ageing chip wet sample
tray

(x) Sieve < 2 mm
stainless steel of
nylon mesh

Figure 2-1 General flow chart for soil sampling and analysis.

2.3 Methods used to assess acid generation potential

In order to assess the acid generation potential (AGP) of ASS, a range of methods were used. This
required several parameters to be measured, as highlighted in Figure 2-1. An important consideration
was also the mineralogical make-up of the soils, which may have enhanced or neutralised AGP. These
also needed to be combined with field observations and placed into the geological and hydrological
framework, so that laboratory-scale data could be interpreted at the larger landscape scale.

In nature, a number of oxidation reactions of sulfide minerals (principally pyrite: FeS;) may occur, which
produce acidity, including:

2FeS, + 70, + 2H,0 — 2Fe?*" + 4S50, + 4H"
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4FeSZ + 1502 + 10H20 — 4FeOOH + 8H2804

A range of secondary minerals, such as jarosite, sideronatrite and schwertmannite may also form. Such
minerals act as stores of acidity i.e. they may produce acidity upon dissolution. Therefore, any
assessment needs to include the presence of such minerals in the soil catena.

There is debate as to the most realistic method to estimate if a soil will acidify, and the most effective
method may vary according to the local environment and associated mineralogy of the soils. In this
study, the three most generally accepted methods for ASS testing have been used:

i) pH testing after peroxide treatment,

ii) acid-base accounting, and

iii) incubation (ageing) testing using the chip-tray method.

These have different strengths and weaknesses and therefore all have been assessed in the current project.
A summary is presented below.

pH testing after peroxide treatment

Hydrogen peroxide (H,0,) is a strong oxidising agent and is used to encourage the full oxidation of
sulfide minerals (principally pyrite: FeS,) and the subsequent production of acidity. Since peroxide is a
strong oxidising agent, it can be argued that the resultant pH measured is a worst-case scenario, as in
nature oxidation is rarely complete. In nature, the presence of carbonate minerals such as calcite (CaCOs)
may neutralise acid produced, however, in some cases the carbonate may not fully dissolve due to slow
dissolution rates (reaction kinetics). The dissolution rates of individual minerals may be controlled by a
number of factors, hence additional tests based on measuring the carbonate content are recommended.

Acid-base accounting

Acid-base accounting is a technique which balances the potential acid generated from the sum of sulfide-
S (Scg or chromium-reducible S) and the titratable actual acidity (TAA) of the soil (AGP) with the total
amount of potential alkalinity (ANC) generated. Details of the chemical methods used are given in Ahern
et al. (2004). The ANC is usually only routinely measured when soil pHkc (measured in a high ionic
strength KCI solution) is greater than pH 6.5. When pHyc, is less than 4.5, this indicates that secondary
less soluble acid-producing minerals such as jarosite are present. This is measured as retained acidity.
The net acid generating potential (NAGP) is the acid generating potential (AGP) plus retained acidity
minus ANC, which gives an indication of acid generation if all components react fully. Arguments
against this technique include the fact that the form of carbonate may not be available to soil solutions
(e.g. if it is coated and protected with organic material or iron oxides) or if it is in a form that is not
particularly reactive (e.g. iron carbonates and dolomite (CaMgCOQs3) have much slower reaction kinetics
than calcite). Net acidity aims to take this into account by introducing a “fineness factor”, whereby net
acidity is calculated by dividing the ANC by a factor of 1.5. However, the oxidation of pyrite to
insoluble Fe oxides may also cause pyrite to not react fully if it becomes coated with protective secondary
minerals. Thus, it may be difficult to assess acidification scenarios effectively.

Net Acidity (NA) = Potential Sulfidic Acidity (AGP) + Existing Acidity (TAA) + Retained Acidity (RA)
— measured Acid Neutralising Capacity (ANC) / Fineness Factor (FF)

and

Net Acid Generating Potential (NAGP) = Potential Sulfidic Acidity (AGP) — measured Acid Neutralising
Capacity (ANC)

Ageing experiment

The third method used, which is often considered to represent a more realistic scenario for ASS testing is
based on the ‘incubation’ of soil samples. A number of specific techniques are employed, but all are
based on keeping the sample moist for a specified period (usually a number of weeks or months), which
allows a more realistic oxidation of sulfide minerals to occur than that produced during peroxide testing.
Although this may mimic nature more closely and does not force reactions to occur (as in the peroxide
test) or rely on total ‘potential’ reaction, it can be argued that the complex processes occurring in the field
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are not represented e.g. exchange with sub-surface waters (containing ANC) or biogeochemical reactions.
These should also be assessed, where possible, but often require a thorough understanding of water
movement (e.g. groundwater) which, is often scenario specific.

The current practice in CSIRO Land and Water is to use all of the above techniques and, where possible,
to monitor changes in the field during periods of drying to assess the most likely scenarios of acid
generation and neutralisation.

2.4 Acidification potential method

Acidification potential was based on the above methods: peroxide pH (pHox), incubation pH (pHjnc) and
net acidity (NA). The criteria listed below were used to assign acidification potential rankings.

(@) peroxide pH<2.5
(b) NAGP>0
(c) Ageing pH<4.0

When a criterion was met, an acidification ranking point was allocated. These were then summed and an
acidification potential category value was assigned between 0 and 3.

The acidification potential categories were: (i) 0 = very low potential, (ii) 1 = low potential, (iii) 2 =
medium potential and (iv) 3 = high potential.

Where all three criteria were met for a soil sample (i.e. high potential), material was considered more
likely to become sulfuric (Shand et al. 2009).

2.5 Contaminant and metalloid dynamics method

The guidelines for the contaminant and metalloid dynamics method are outlined in Appendix 7 of the
detailed assessment protocols (MDBA 2010). The contaminant and metalloid dynamics method was
designed to determine the release of metals and metalloids in soils after 24 hours. The data represent the
availability of metals and metalloids from a weak extraction (water, and thus easily bioavailable) of
saturated soils, and for dry wetland soils, those easily mobilised from mineral surfaces and readily soluble
mineral phases (such as salts). The exercise was repeated in a batch process for longer time periods (7
days, 14 days and 35 days). The latter approach was aimed at understanding changes in concentrations
over time. This is particularly important for dried soils which have been in contact with the atmosphere.
The soil materials and the release/uptake of metals/metalloids are expected to change as the chemical
environment changes from oxidising to reducing. The data can be compared to existing water quality
guidelines, although care should be taken when extrapolating to surface waters without knowledge of
hydrological conditions and natural chemical barriers. 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.

Redox potential (Eh) and pH were determined using calibrated electrodes linked to a TPS WP-80 meter;
Eh measurements were undertaken in an anaerobic chamber to minimise the rapid changes encountered
due to contact with the atmosphere, and are presented relative to the standard hydrogen electrode (SHE).
Specific electrical conductance (SEC) was determined using a calibrated electrode linked to a TPS WP-81
meter. All parameters were measured on filtered (0.45 um) water samples.
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3.1 Acid-base accounting analyses

The total amount of non-organic reduced-S (or reduced inorganic sulfur — RIS), contained mainly within
sulfide minerals (Scgr), is determined by the Cr-reducible S technique (Ahern et al. 2004). The total
amount of acid generated, assuming complete oxidation, can be quantified, usually in mol H" tonne™, or
taking into account the bulk density, as mol H* m™. However, shielding of sulfide minerals, e.g. by iron
(oxy) hydroxides, may limit sulfide oxidation, in effect decreasing the amount of potential acid available
for reaction. As well as potential acidity, the amount of acidity already present in the soil can be
quantified as titratable actual acidity (TAA). In sulfuric materials, retained acidity may form a major
component of stored acid (e.g. stored in mineral phases such as jarosite). The sum of acidity generated by
Scr, TAA and retained acidity represents the acid generating potential (AGP) of the sample. As well as
taking into account the total acid potential of the sample, acid generated post-sampling and prior to
analysis is included as part of total potential of the sample.

Scr concentrations vary widely across the different study areas as well as within individual soil profiles
(Appendix 5). Figure 3-1 and Figure 3-2 show histograms of Scr in all samples collected during
samplings-f and e respectively. Many of the soil samples tested exceeded the Australian (coastal) action
criteria or trigger values for the preparation of an ASS management plan (Dear et al. 2002)( Figure 3-1
and Figure 3-2). The trigger values are texture dependent, as coarser-grained soils are often more prone
to acidification, since they typically comprise larger amounts of quartz sand or relatively unreactive
aluminosilicate minerals such as K-feldspar.
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Figure 3-1 Concentrations of Scr in all the soil samples collected from the various study areas during
Sampling-f (June 2012). <DL is less than detection limit. Trigger values for more detailed assessment,
relative to the soil type are also shown for coastal ASS
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Figure 3-2 Concentrations of Scr in all the soil samples collected from the various study areas during
Sampling-e (November/December 2011). <DL is less than detection limit. Trigger values for more
detailed assessment, relative to the soil type are also shown for coastal ASS

A cumulative frequency plot of Scg in soil samples collected from Samplings-a to Sampling-f is shown in
Figure 3-3. Samplings-a and b were carried out under drought conditions. Samplings-c to f were carried
out after the study areas had been reflooded. This plot indicates that Scg concentrations have increased in
soil samples since reflooding. Inundation most likely encouraged reducing conditions, which resulted in
sulfate reduction and the formation of pyrite.
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Figure 3-3 Cumulative frequency plot for Scr in the soil samples collected from the various study areas
during Sampling-a (October/November 2009) (e), Sampling-b (March 2010) (e), Sampling-c
(January/February 2011) (e), Sampling-d (May/June 2011) ( ), Sampling-e (November/December 2011)
(®) and Sampling-f (June 2012) (~) Note: only soil samples collected during all five monitoring rounds were
included in this plot. Samples from LF18 to LF24 were not included

Net acidity (TAA + Scg — ANC/1.5) for the soil layers is shown in Figure 3-4. Net acidity has generally
remained constant throughout the monitoring period, irrespective of whether the soil profiles were dry or
inundated. This suggests that there has been little net loss or gain of acidity in the soils that were
monitored. As a result, during the monitoring period, acidification hazard has remained relatively
constant around the lakes. Net acidities in some samples were extremely high (up to 1114 H+/tonne from
Sampling-e, 1089 H+/tonne from Sampling-d, 1197 H+/tonne from Sampling-c, 1745 mol H+/tonne from
Sampling-b and 1099 H+/tonne from Sampling-a).
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Figure 3-4 Cumulative frequency plot of Net acidity in the soil samples collected from the various study
areas during Sampling-a (October/November 2009) (e), Sampling-b (March 2010) (e), Sampling-c
(January/February 2011) (e), Sampling-d (May/June 2011) ( ), Sampling-e (November/December 2011)
(®) and Sampling-f (June 2012) () Note: only soil samples collected during all five monitoring rounds were
included in this plot. Samples from LF18 to LF24 were not included

A summary of soil pH (pHkc) is shown in Figure 3-5. During the monitoring period, the most
significant changes in pHgc occurred below pH 5. Under drought conditions (Samplings-a & b)
approximately 5 % of soil samples had pHgc of less than 3.4 (Figure 3-5). Following reflooding
(Samplings-c to f), there were no soil samples collected with pHyc of less than 3.4. This suggests
inundation has caused a relatively slow neutralisation of sulfuric samples (pH < 4). Samples collected
before the drought, in 2007 and 2008, whilst the study areas were still inundated have also been included
in Figure 3-5 (Fitzpatrick et al. 2008b). Generally, these samples do not correspond to the ones collected
during the subsequent samplings. However, they do provide a useful pHyc baseline for subaqueous soil
material collected around Lakes Alexandrina and Albert prior to the onset of drought conditions. This
indicates that drying and the oxidation of sulfide minerals caused the soil pH to drop significantly at
many sites around the Lower Lakes. Subsequent rewetting has caused a slight increase in pH. However,
soil pH is still much lower than was measured before the drought.
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Figure 3-5 Cumulative frequency plot for pHkc in the soil samples collected from the various study areas
during Sampling-a (October/November 2009) (e), Sampling-b (March 2010) (e), Sampling-c
(January/February 2011) (e), Sampling-d (May/June 2011) ( ), Sampling-e (November/December 2011)
(®) and Sampling-f (June 2012) (~) Note: only soil samples collected during all five monitoring rounds were
included in this plot. Samples from LF18 to LF24 were not included. *Pre-drought sampling (e) was
carried out in 2007 and 2008, whilst the study areas were still inundated (Fitzpatrick et al. 2008b).
Generally, these samples do not correspond to the ones collected during the subsequent samplings.
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4. LFO1 - WALLYS LANDING AND WETLAND

Summary

Overall, soil at Wallys Landing and Wetland was considered to pose a high acidification hazard.

At Wallys Landing and Wetland, extreme drought conditions between 2007 and 2009 and the partial
drying of the wetland caused hypersulfidic subaqueous clays to oxidise and transform to sulfuric clays.
When the sulfuric clays were rewetted, after summer rainfall in 2009, surface water in the channel
became acidic (pH < 3.5). Further inundation, following winter rainfall in 2009, neutralised the surface
water acidity and caused the formation of sulfuric subaqueous clays. Prolonged inundation most likely
encouraged reducing conditions resulting in sulfate reduction and the formation of hypersulfidic
subaqueous clays. Although sampling sites remained subaqueous for a period of 3 years, net acidities
remained very high and TAA and RA was still present in the soil profiles. Neutralisation of acidity was
limited at this site and the soil material was considered to pose a high acidification hazard. On drying,
soil material is likely to re-acidify rapidly and may impact surface waters upon rewetting.

Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia
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4.1 Background

Study area LFO1 was located on the northern side of the Finniss River (Figure 1-1). As part of this study,
sampling was carried out in December 2011 and June 2012 (Samplings-e/f). Previous samplings were
undertaken in May and June 2011 (Sampling-d), January and February 2011 (Sampling-c), March 2010
(Sampling-b) and November 2009 (Sampling-a). Additionally, data from historic sampling (Sampling-
hs), carried out in May 2009, were reassessed as part of this study. Sampling sites were located in the
drainage ditch to the north east of the Finniss River (LFO1-A) and in the Finniss River itself, at Wallys
Landing (LFO1-D) (Figure 4-1).

3023560 203040 303120 303200 303280 03380
1 1

LFO1 - Wallys Landing RS
and Wetland \

SOTITE0
SOTITE0

CO7 3600 073680
07680

6073600

COT3520
§073520

303040 303120 303280 303360

Figure 4-1 Sample location map. Aerial photograph taken in March 2008 (Orange line: sampling-a & b
water level, Blue line: sampling-c, d, e & f water level). Red line indicates cross section presented in
Section 22.3

The study area comprised a wetland zone located north of the Finniss River (Figure 4-1). Water levels
fluctuated significantly in both the Finniss River and the drainage ditch to the north during the monitoring
period (Figure 4-1). The aerial photograph indicated that, in March 2008, the drainage ditch was dry and
the Finniss River had shrunk to a narrow stream in the middle of the channel (Figure 4-1). At the time of
Sampling-hs, in May 2009, a few centimetres of water had collected in the drainage ditch (Figure 4-2).
At the time of Sampling-a, in November 2009, the water level in the ditch had increased to a depth of 1.1
m (Figure 4-2), the Finniss River was at full flow and the surrounding vegetation was green and lush.
Following a relatively dry summer, at the time of Sampling-b, in March 2010, the water level in the ditch
had dropped to a depth of 30 cm and the river level had dropped by approximately 75 cm since November
2009 (Figure 4-2). During Samplings-c/d/e/f, the water level in the ditch had increased to 1.1 m (Figure
4-2) and the Finniss River was at full flow.
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Figure 4-2 Site photographs. Refer to Figure 4-1 for the location and direction that photographs were taken, indicated by a (photographs were selected that best
depicted the environmental conditions at the study area during each sampling)
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4.2 Soils

Soils at Wallys Landing and Wetland generally comprised hypersulfidic and sulfuric clay. A summary of
encountered soils is provided below and site locations are presented in Figure 4-1. Detailed profile
descriptions are presented in Appendix 4 and Appendix 8. Profile photographs are presented in Appendix
5.

LFO01-A

During previous studies, a gouge auger (Samplings-hs/a/b) and an Undisturbed Wet Sampler (UWS)
(Appendix 9) (Samplings-c/d) were used to collect subaqueous soil profiles on five occasions. These
investigations encountered between 20 and 40 cm of dark grey brown to black medium clay. Orange
coatings on ped surfaces were noted in Sampling-hs. In Samplings-a/b, the medium clay contained
vertical cracks that were coated in jarosite and infilled with medium sand. Underlying this, to the
maximum depth of investigation (50 and 90 cm), was dark grey to green grey medium clay. Yellow
jarosite mottles were noted during Sampling-hs, which were not present during Samplings-a/b. In
Sampling-c, pale yellow jarosite mottles were present between 28 and 45 cm. No jarosite mottling was
noted during Sampling-d.

As part of this study, a UWS was used to collect subaqueous soil profiles (Samplings-e/f). The
investigations encountered black hemic peat and clay gel to depths of 11 and 14 cm, which was underlain
by dark grey sand and coarse quartz gravel to a depth of 16 cm. Underlying this, to a depth of
approximately 60 cm was very dark grey heavy clay. Underlying this, to the maximum depth of
investigation (86 and 89 cm), was very dark grey to black heavy clay.

LFO1-D

During previous studies, a spade (Samplings-a/b) and a UWS (Samplings-c/d) were used to collect soil
profiles in the reeds near the foot of Wallys Landing on four separate sampling occasions. All samplings
were subaqueous. Samplings-a/b encountered 5 cm of dark grey to black silty clay with common roots
and distinct brown and orange brown mottles. Underlying this, to the maximum depth of investigation
(15 cm) was grey brown to brown sandy clay with jarosite mottles associated with common roots.
Samplings-c/d encountered dark grey clay to depths of 5 and 10 cm. This was underlain by black and
greyish brown clay to depths of 20 and 40 cm. Underlying this, to the maximum extent of investigation
(60 and 84 cm), was black to dark grey clay with fine rootlets. Sand was noted throughout the profile
collected during Sampling-c but was not present in Sampling-d.

As part of this study, a UWS was used to collect subaqueous soil profiles (Samplings-e/f). The
investigations encountered a mixture of very dark brown clay and peat to depths of 12 and 15 cm that was
underlain by very dark brown sapric peat and clay with some sand layers to depths of 41 to 51 cm.
Underlying this, to the maximum depth of investigation (87 and 90 cm), was very dark greyish to black
heavy clay.

4.3 Soil acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3 and comprised
analyses for sulfide-S (Scg or Cr-reducible S), Retained Acidity (RA), Titratable Actual Acidity (TAA),
Acid Neutralising Capacity (ANC) and Net Acidity (NA). Acid-base accounting and pH data (pHox,
pHine & pHyw), for each soil layer, are presented in Figure 4-3. These data were used to inform the
acidification hazard assessment that is presented in Table 4-1.
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Figure 4-3 pH and acid-base accounting data plotted against depth for each profile collected
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4.4 Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil sample
collected, according to the definitions and methods presented in Section 1.3 and Section 2.4 respectively.
A summary of acidification potential and ASS material classification is presented in Table 4-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil profile
collected. ASS subtype classification was achieved using the methods described in Appendix 2.
Acidification hazard assessment was based on: (i) landscape position (Figure 4-1), (ii) soil morphology
(Section 4.2), (iii) acid-base accounting (Figure 4-3), (iv) pH data (Figure 4-3), (v) acidification potential
(Table 4-1) and (vi) ASS material and subtype classification (Table 4-1). Acidification hazard categories
were: (i) very low, (ii) low, (iii) medium and (iv) high. A summary of ASS subtype classification and
acidification hazard for each profile collected between May 2009 and June 2012 is presented in Table
4-1.

Soil profiles sampled at Wallys Landing and Wetland comprised hypersulfidic and sulfuric subaqueous
clay soils with high acidification hazard (Table 4-1). At each site, net acidity was very high (maximum
of 1100 moles H*/tonne) and increased with depth (Figure 4-3). There was little ANC (Figure 4-3) and
acidification potentials were generally medium and high (Table 4-1).

During extreme drought conditions, between 2007 and 2009, the partial drying of the wetland caused the
hypersulfidic subaqueous clays to oxidise and transform to sulfuric clays. When the sulfuric clays were
rewetted, after summer rainfall in 2009, surface water in the channel became acidic (pH < 3.5). Further
inundation, following winter rainfall in 2009, neutralised the surface water acidity and caused the
formation of sulfuric subaqueous clays. Prolonged inundation most likely encouraged reducing
conditions, leading to sulfate reduction and the formation of hypersulfidic subaqueous clays (Table 4-2).

At Wallys Landing, at the foot of the jetty, hypersulfidic subaqueous clays transformed to sulfuric clays.
On rewetting, sulfuric subaqueous clays were formed. Prolonged inundation most likely encouraged
reducing conditions, leading to sulfate reduction and the formation of hypersulfidic and hyposulfidic
subaqueous clays (Table 4-2).

At Wallys Landing and Wetland, since 2009, sampling sites remained subaqueous for a period of 3 years.
Soils converted from sulfuric to hypersulfidic and hyposulfidic subaqueous and the proportion of TAA
and RA, relative to Sc,, decreased in the upper part of the profile. However, net acidities remained very
high, TAA was present throughout the profile and RA was present at intermediate depths (consistent with
visual observations of pale yellow mottles, possible natrojarosite) (Figure 4-3). Neutralisation of acidity
was limited at this site, little or no ANC was present in the profiles and the soil material was considered
to pose a high acidification hazard (Table 4-1). On drying, soil material is likely to re-acidify rapidly and
may impact surface waters upon rewetting.
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Table 4-1 Summary of acidification potential, ASS material classification, ASS subtype classification and
acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

. Depth pHox pHine NA Acidification ASS material ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential classification classification hazard
LFO1-A
FIN 26M3 5.1 hs 0-5 1 0 1 2 Hyposulfidic clay
FIN 26M3 5.2 hs 5-20 1 0 1 2 Hyposulfidic clay Sulfuric
hs " ) subaqueous High
FIN 26M3 5.3 20-25 1 1 1 3 Sulfuric sandy clay clay soil (clay)
FIN 26M3 5.4 hs 25-50 1 1 1 3* Sulfuric clay
LFa01-A.1 a 0-10 1 0 1 2 Hyposulfidic clay Sulfuric
LFa01-A.2 a 10-40 1 1 1 3* Sulfuric clay subaqueous High
LFa01-A.3 a 40-60 1 1 1 3 Hypersulfidic clay clay soil (clay)
LFb0O1-A.1 b 0-10 1 1 1 3 Hypersulfidic clay Sulfuric
LFb01-A.2 b 10-40 1 1 1 3* Sulfuric clay subaqueous High
LFb01-A.3 b 40-90 1 1 1 3 Hypersulfidic clay clay soil (clay)
LFc01-A.1 c 0-10 0 0 1 1 Hyposulfidic clayey gel Hypersulfidic
LFc01-A.2 c 10-30 1 1 1 3 Hypersulfidic clay subaqueous High
LFCO1-A3 c 30-90 0 1 1 2 Hypersulfidic clay clay soil (clay)
LFdO1-A.1 d 0-17 1 0 1 2 Hyposulfidic loamy clay Hypersulfidic
LFd01-A.2 d 17-55 1 1 1 3 Hypersulfidic clay subaqueous High
LFd01-A.3 d 55-89 1 1 1 3 Hypersulfidic clay clay soil (clay)
LFeO1 Al e 0-11 0 0 1 1 Hyposulfidic hemic peat -
LFe01-A3 e 15-38 1 1 1 3 Hypersufilidic sand Hypersulfidic
LFe01-A.4 e 38-59 1 1 1 3 Hypersufilidic heavy clay subaqueous High
LFe01-A5 e 59-86 1 1 1 3 Hypersufilidic loamy clay clay soil (clay)
LFfO1-A.1 f 0-14 1 0 1 2 Hyposulfidic hemic peat L
LFf01-A.2 f 14-16 1 1 1 3 Hypersufilidic sand Hypersulfidic .
LFfO1-A.3 f 16-41 1 1 1 3 Hypersufilidic heavy clay subaqueous High
LFfO1-A.4 f 41-57 1 1 1 3 Hypersufilidic heavy clay clay soil (clay)
LFO1-D
Sulfuric
LFa01-D.2 a 5-15 1 1 1 3* Sulfuric silty clay subaqueous High
clay soil (clay)
LFb01-D.1 b 05 0 1 1 2 Hypersulfidic silty clay Sulfuric
subaqueous High
LFb01-D.2 b 5-15 1 1 1 3* Sulfuric sandy clay clay soil (clay)
LFc01-D.1 c 0-5 0 0 0 0 Hyposulfidic sandy clay Hypersulfidic
LFc01-D.2 c 5-20 1 1 1 3 Hypersulfidic sandy clay subaqueous High
LFc01-D.3 c 20-60 1 1 1 3 Hypersulfidic clay clay soil (clay)
LFd01-D.1 d 0-10 0 0 1 1 Hyposulfidic peaty clay Hyposulfidic
LFd01-D.2 d 10-40 0 0 1 1 Hyposulfidic clay subaqueous Medium
LFd01-D.3 d 40-84 1 0 1 2 Hyposulfidic clay clay soil (clay)
LFe01-D.1 e 0-12 1 1 1 3 Hypersuﬁl?d?c peat_y clay Hypersulfidic
LFe01-D.2 e 12-52 1 1 1 3 Hypersufilidic sapric peat subaqueous High
LFe01-D.3 e 52-87 1 1 1 3 Hypersufilidic loamy clay clay soil (clay)
LFf01-D.1 f 0-15 1 1 1 3 Hypersufilidic organic clay .
LFf01-D.2 f 15-41 1 1 1 3 Hypersufilidic sapric peat Hypersulfidic _
LFf01-D.3 f 41-60 1 1 1 3 Hypersufilidic heavy clay subaqueous High
LFf01-D.4 f 60-90 1 1 1 3 Hypersufilidic heavy clay clay soil (clay)
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Table 4-2 Summary of temporal and spatial variations and changes in ASS subtypes at each site (A and D). Note: (i) Cells shaded orange summarise data presented within this report, (ii) all other cells are based on/extrapolated from data presented in Fitzpatrick et al.
(2010b; 2009a; 2008a; 2008b; 2009b; 2008c) and (iii) cells bordered in blue indicate subaqueous

Wallys Pre-drought Drought Drought Drought EnDdrgll:?nr;:ner Post-drought Post-drought spt(;:_gﬂ?nurggi P;ztr-tdvr\,?#g:t
Landing/Wetland Winter 2007 Summer 2008 Summer 2009 End winter 2009 Summer 2011 Winter 2011 Summary
Sites (hs) (h2) (hs) @ 2010 © ) 2011/12 2011/12
(b) (e) ®
1 — Hypersulfidic Hypersulfidic Sulfuric Sulfuric* Sulfuric* Hypersulfidic Hypersulfidic Hypersulfidic Hypersulfidic . . . -
2Cla}ssnlcatlon & subaqueous subaqueous subaqueous subaqueous subaqueous subaqueous subaqueous subaqueous subaqueous During the extreme drought (2007 to _2009) the partial drying of'the wetland caused the Hypersulfidic ) )
Acid hazard clay (H) clay (H) clay (H) clay (H) clay (H) clay (H) clay (H) clay (H) clay (H) subaqueous clays transform to Sulfuric clays. When the Sulfuric clays were rewetted after summer rainfall in
LFO1-A Dominant water Y Y Y Y Y Y Y Y Y 20009, acidic pools of water (pH <3.5) formed. Further inundation following winter 2009 neutralised the acidic
and ASS UW & Sulfide LW & Sulfide RF & Sulfuric RW &Sulfuric RW & Sulfuric | RW & Sulfide UW & Sulfide UW & Sulfide UW & Sulfide pools and caused the formation of Sulfuric subaqueous clays. Prolonged inundation encouraged sulfate
process reduction and caused the formation of Hypersulfidic subaqueous clays.
1C|assification & Hypersulfidic Hypersulfidic Sulfuric* Sulfuric* Hypersulfidic Hyposulfidic Hypersulfidic Hypersulfidic
2Acid hazard (S::Jaba(qHu)EOUS zluaba(qHu)eous Sulfuric clay (H) (s)luaba(ql_t'J)eous zluaba?Hu)eous (S:ILJaba(ql_l'J)eous (s)luaba(q’\;)eous zluaba?Hu)eous (s)luaba(ql_l'J)eous During the extreme drought (2007 to 2009) the partial drying of the river caused the Hypersulfidic subaqueous
LFO01-D Dominant water Y Y Y Y Y Y Y Y clays to transform to Sulfuric clays. On rewetting Sulfuric subaqueous clays were formed. Prolonged
and ASS UW & Sulfide LW & Sulfide LW & Sulfuric RF &Sulfuric RW & Sulfuric RW & Sulfide UW & Sulfide UW & Sulfide UW & Sulfide inundation encouraged sulfate reduction and caused the formation of Hypersulfidic subaqueous clays.
process

Classification — Acid Sulfate Soil subtype classification
2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low
Dominant Water process
LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation

UW - Unchanged water regime, which had not yet evaporated to expose soil to air
RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping, regulator

installation, river flow and groundwater)
RF — Rain fall rewetting and natural reflooding to inundate and saturate soils
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Dominant ASS — process
Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions to
form sulfuric material

Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)
Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material

Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material
Leach — Leaching of acid from soil by winter rain fall
Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default
Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red

Where h; to h; = historical sampling; (a) — (b) sampling conducted in this project
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5. LFO2 - POINT STURT NORTH

Summary

Overall, soil at Point Sturt North was considered to pose a medium acidification hazard.

Soil material sampled closest to the shoreline comprised sulfuric and hypersulfidic soil with medium and
high acidification hazard ratings. These soil materials had been exposed and dry for a period of more
than 2 Y% years between 2008 and 2010. Rising water levels, caused by increased inflows from the
Murray River, meant that this site became inundated in September 2010. Even though the study area had
been inundated for a period of 21 months, soil material closest to the shore remained sulfuric. Further
into the lake (LF02-A), soil material converted from sulfuric to hypersulfidic. Neutralisation was
considered to be limited and the soil material was considered to pose a high acidification hazard.

Profiles that were located furthest into the lake (LF02-B) comprised hypersulfidic and hyposulfidic soil
with very low and low acidification hazard ratings. Net acidity was generally negative throughout the
profiles sampled and there was little acidity, moderate levels of ANC and acidification potentials were
low and very low. Inundation, in September 2010, caused soil material to convert from hypersulfidic and
hyposulfidic soil to subaqueous hyposulfidic soil. Reflooding caused limited changes to occur and soil
material was considered to pose a low acidification hazard.
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5.1 Background

Study area LF02 was located on the north eastern side of Point Sturt on the south western side of Lake
Alexandrina (Figure 1-1). As part of this study, sampling was carried out in November 2011 and June
2012 (Samplings-e/f). Previous samplings were undertaken in May and June 2011 (Sampling-d),
January and February 2011 (Sampling-c), March 2010 (Sampling-b) and November 2009 (Sampling-a).
Additionally, data from historic sampling (Samplings-h,), carried out in March 2008, were reassessed as
part of this study. Sampling site locations are displayed in Figure 5-1.
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Figure 5-1 Sample location map. Aerial photograph taken in March 2008 (Orange line: sampling-a & b
water level, Blue line: sampling-c, d, e & f water level)

At the time of Sampling-c/d/e/f, the lake level had risen to between 0.5 and 0.7 m AHD and the study
area had been completely re-flooded (Figure 5-1: Figure 5-2). Prior to this, the study area comprised an
extensive beach, which extended from the pre-drought (pre 2006) shore to the waterline, approximately
200 m north (Figure 5-1). The beach had been sparsely revegetated with grasses between Sampling-h; in
March 2008 and when the aerial photograph was taken in March 2008 (Figure 5-1: Figure 5-2). Only
minor changes were noted in the study area between Sampling-a and Sampling-b. The lake level had
dropped from -0.80 m AHD in November 2009 (Sampling-a) to a low of -0.95 m AHD in January 2010.
However, by March 2010 (Sampling-b) the lake level had risen back to -0.80 m AHD (MDBA 2011). In
March 2010, a few small sand dunes (height < 30 cm) had formed against sparse vegetation.
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(h,) - March 2008

(a) - November 2009

(b) - March 2010

(c) - January 2011

(e} - November 2011

(f) —June 2012

Figure 5-2 Site photographs. Refer to Figure 5-1 for the location and direction that photographs were taken, indicated by a or B (photographs were selected that best

depicted the environmental conditions at the study area during each sampling)
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5.2 Soils

Soils at Point Sturt North generally comprised sulfuric and hypersulfidic sand at site LF02-A and
hyposulfidic sand at sites LF02-B. A summary of encountered soils is provided below and site locations
are presented in Figure 5-1. Detailed profile descriptions are presented in Appendix 4 and Appendix 8.
Profile photographs are presented in Appendix 5.

LF02-A

During previous studies, when the study area was dry, a spade was used to collect profiles at this site on
three occasions (Samplings-hi/a/b). The investigations generally encountered 40 cm of pale grey and
grey sand. During the historic sampling, diffuse yellowish and grey mottles were encountered from 10 to
15 cm. During Sampling-a and Sampling-b, distinct yellow and orange mottles were encountered
between 8 and 40 cm and between 4 and 38 cm respectively. Underlying this, to the maximum depth of
investigation (70 to 80 cm) was grey loamy to clayey sand. Yellow and orange mottles were noted in this
material during Samplings-a/b.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 13 and 19 cm of greyish
brown sand with diffuse black mottles. Black mottles increased from 5 % in Sampling-c to 30 % in
Sampling-d. Underlying this, to depths of 25 and 33 cm was light brownish grey sand with yellow jarosite
mottles. During Sampling-c, there were 30 % strong jarosite mottles that reduced to 10 % diffuse mottles
during Sampling-d. This was underlain, to the maximum extent of investigation (60 and 78 cm), by dark
grey heavy clay with minor carbonate.

As part of this study, a UWS was used to collect subaqueous soil profiles (Samplings-e/f). The
investigations encountered pale brown sand to depths of between 4 and 8 cm, which was underlain by
grey loamy sand with 30 % prominent black mottles to a depths of between 13 and 23 cm. During
Sampling-e, this was underlain, to a depth of 25 c¢cm, by light grey sand with few fine medium roots.
Underlying this, to the maximum depth of investigation (57 cm), was greenish grey heavy clay.
Sampling-f encountered greyish brown sand to a depth of 42 cm. Underlying this, to the maximum depth
of investigation (67 cm), was dark grey sandy clay loam with rare jarosite mottles.

LF02-B

During previous studies, when the study area was dry, a spade was used to collect profiles at this site on
three occasions (Samplings-hi/a/b). The investigation generally encountered between 50 and 65 cm of
pale grey to grey sand. During the historic sampling, this material was saturated below 5 cm. During
Samplings-a/b, prominent black mottles were noted between 5 and 65 cm. Underlying this, to the
maximum depth of investigation (70 to 75 cm) was black sand with grey mottles, few shell fragments and
a weak sulfidic smell.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. Both investigations encountered 7 and 9 cm of pale brown
sand with diffuse black mottles. This was underlain, to depths of 23 and 25 cm, by medium sand. During
Sampling-c, this material was pale brown. During Sampling-d, this sand had reduced to a dark grey
colour with 30 % diffuse black mottles. Underlying this, to the maximum extent of investigation (67 and
78 cm), was grey sand with shell fragments near the base.

As part of this study, a UWS was used to collect subaqueous soil profiles (Samplings-e/f). The
investigations encountered grey sand with black mottles and few rootlets to a depth of 12 cm, Sampling-e
encountered light olive brown sand with few shell fragments to a depth of 19 cm. This was underlain, to
a depth of 25 cm, by grey clayey sand. Underlying this, to the maximum depth of investigation (38 cm),
was grey clayey sand with common shell fragments and hard carbonate from 35 to 37 cm. Sampling-f
encountered grey medium sand to a depth of 35 cm. This was underlain, to a depth of 47 cm, by dark
grey clayey sand. Underlying this, to the maximum depth of investigation (78 cm), was grey clayey sand.
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LF02-D

As part of this study, a UWS was used to collect subaqueous soil profiles (Samplings-e/f). The
investigations encountered 8 to 11 cm of grey sand to loamy sand with 30 to 40 % black mottles and pale
brown oxidised sand at surface. This was underlain, to depths of 19 and 25 cm, by greyish brown clayey
to loamy sand. Sampling-e encountered light grey clayey sand with 10 % jarosite mottles to a depth of 31
cm. This was underlain, to a depth of 47 cm, by dark grey clayey sand with prominent root channels with
orange brown cores. Underlying this, to the maximum extent of investigation (80 cm), was greenish grey
heavy clay. Sampling-f encountered greyish brown loamy to clayey sand with few dark brown and black
bands to a depth of 40 cm. Underlying this, to the maximum extent of investigation (72 cm), was dark
grey sandy loam with few brown mottles and root channels.

5.3 Soil acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3. Acid-base
accounting and pH data (pHox, pHine & pHyw), for each soil layer, are presented in Figure 5-3. These
data were used to inform the acidification hazard assessment that is presented in Table 5-1.
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Figure 5-3 pH and acid-base accounting data plotted against depth for each profile collected
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5.4 Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil sample
collected, according to the definitions and methods presented in Section 1.3 and Section 2.4 respectively.
A summary of acidification potential and ASS material classification is presented in Table 5-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil profile
collected. ASS subtype classification was achieved using the methods described in Appendix 2.
Acidification hazard assessment was based on: (i) landscape position (Figure 5-1), (ii) soil morphology
(Section 5.2), (iii) acid-base accounting (Figure 5-3), (iv) pH data (Figure 5-3), (v) acidification potential
(Table 5-1) and (vi) ASS material and subtype classification (Table 5-1). Acidification hazard categories
were: (i) very low, (ii) low, (iii) medium and (iv) high. A summary of ASS subtype classification and
acidification hazard for each profile collected between March 2008 and June 2012 is presented in Table
5-1.

Soil profiles at Point Sturt North sampled closest to the shoreline (LF02-A and LF02-D; Figure 5-1)
comprised sulfuric and hypersulfidic soil with high acidification hazard ratings (Table 5-1). These soil
materials had been exposed and dry for a period of more than 2 % years between 2008 and 2010. Rising
water levels, caused by increased inflows from the Murray River, resulted in this site becoming inundated
in September 2010 (Table 5-2). In profile LF02-A, a slight increase in pH (from 3.9 to 4.2) at a depth of
approximately 20 cm meant that, following reflooding, soil material at this site was classified as
hypersulfidic. Profile LFO2-D remained sulfuric. Even though the site had been inundated for a period of
21 months, neutralisation was limited and the soil material posed a high acidification hazard (Table 5-1).

Profiles that were located further into the lake (LF02-B; Figure 5-1) comprised hypersulfidic and
hyposulfidic soil with very low and low acidification hazard ratings (Table 5-1). The net acidity was
generally negative throughout the profiles sampled and there was little acidity, moderate levels of ANC
(Figure 5-3) and acidification potentials were low and very low (Table 5-1). Reflooding caused limited
changes to occur and soil material was considered to pose a low acidification hazard (Table 5-1).

Overall, soil at Point Sturt North was considered to pose a medium acidification hazard.
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Table 5-1 Summary of acidification potential, ASS material classification, ASS subtype classification and
acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

. Depth pHox pHine NA Acidification ASS material ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential classification classification hazard
LFO2-A
AAa 29.1 hy 0-1 1 1 1 3* Sulfuric sand
AAa 29.2 hy 1-5 1 1 1 3* Sulfuric sand
AAa 29.3 hy 5-20 1 1 1 3* Sulfuric sand Sulfuric soil High
AAa 29.4 hy 20-35 1 1 1 3* Sulfuric sand (sand)
AAa 29.5 hy 35-70 1 1 1 3* Sulfuric sand
AAa 29.6 hy 70-85 1 1 1 3 Hypersulfidic sand
LFa02-A.1 a 0-8 0 1 1 2* Sulfuric sand
LFa02-A.2 a 8-25 0 1 1 2* Sulfuric sand Sulfuric soil
LFa02-A.3 a 25-40 0 1 1 2% Sulfuric sand (sand) High
LFa02-A.4 a 40-70 0 1 1 2 Hypersulfidic loamy sand
LFa02-A.5 a 70-77 1 1 1 3 Hypersulfidic loamy sand
LFb02-A.1 b 0-4 1 1 1 3 Hypersulfidic sand
LFb02-A.2 b 4-12 1 1 1 3* Sulfuric sand Sulfuric soil
LFb02-A.3 b 12-38 1 1 0 2% Sulfuric sand (sand) High
LFb02-A.4 b 38-50 1 1 1 3* Sulfuric loamy sand
LFb02-A.5 b 50-80 1 1 1 3 Hypersulfidic loamy sand
LFc02-A.1 c 0-13 1 1 1 3 Sand Sulfuric
LFc02-A.2 c 13-25 1 1 1 3* Sulfuric sand subagueous High
LFc02-A.3 c 25-57 1 1 1 3 Hypersulfidic sand soil (sand)
LFc02-A.4 c 57-60 1 1 1 3 Hypersulfidic clay
LFd02-A.1 d 0-19 1 1 1 3 Sand Sulfuric
LFd02-A.2 d 19-33 1 1 1 3* Sulfuric sand subaqueous High
LFd02-A.3 d 33-61 1 1 1 3 Hypersulfidic loamy sand soil (sand)
LFd02-A.4 d 61-78 0 0 1 1 Hyposulfidic clay
LFe02-A.1 e 0-4 0 0 1 1 Sand
LFe02-A.2 e 4-13 1 1 1 3 Loamy sand Hypersulfidic
LFe02-A.3 e 13-25 1 1 1 3 Sand subaqueous High
LFe02-A.4 e 25-57 1 1 1 3 Hypersufilidic clayey sand soil (sand)
LFe02-A.5 e 57-69 1 1 1 3 Hypersufilidic heavy clay
LFf02-A.1 f 0-8 0 1 1 2 Hypersufilidic sand -
LFf02-A.2 f 8-23 0 1 1 2 Hypersufilidic sand Zﬁgg’iﬂgﬂf High
LFf02-A.3 f 23-42 1 1 1 3 sand . a o) 9
LFf02-A.4 f 42-67 1 1 1 3 Hypersufilidic sandy clay soil (san
LF02-B
AAa 30.1 hy 0-2 0 0 0 0 Hyposulfidic sand
AAa 30.2 hy 2-10 0 0 0 0 Sand Hyposulfidic
AAa 30.3 hy 10-25 0 0 0 0 Sand soil (sand) Very Low
AAa 30.4 hy 25-40 0 0 0 0 Sand
AAa 30.5 hy 40-55 0 0 0 0 Sand
LFa02-B.1 a 0-8 1 0 0 1 Hyposulfidic sand
LFa02-B.2 a 8-25 1 0 0 1 Hyposulfidic sand -
LFa02-B.3 a 25-32 1 0 0 1 Higosumdic sand Hyposulfidic Low
LFa02-B.4 a 32-65 1 0 0 1 Hyposulfidic sand soil (sand)
LFa02-B.5 a 65-75 1 0 0 1 Hyposulfidic sand
LFb02-B.1 b 0-5 0 0 0 0 Hyposulfidic sand
LFb02-B.2 b 5-28 0 0 0 0 Hyposulfidic sand Hypersulfidic Low
LFb02-B.3 b 28-50 0 0 0 0 Hyposulfidic sand soil (sand)
LFb02-B.4 b 50-70 0 1 0 1 Hypersulfidic sand
LFc02-B.1 c 0-9 0 0 0 0 sand Hypersulfidic
LFc02-B.2 c 9-25 0 0 0 0 sand s Low
LFc02-B.3 c 25-57 0 0 0 0 sand soil ((:lsand)
LFc02-B.4 c 57-67 0 1 0 1 Hypersulfidic sand
LFd02-B.1 d 0-7 0 0 0 0 Sand
LFd02-B.2 d 7-23 0 0 1 1 Sand Hyposulfidic
LFd02-B.3 d 23-36 0 0 0 0 Sand subaqueous Low
LFd02-B.4 d 36-59 0 0 0 0 Sand soil (sand)
LFd02-B.5 d 59-78 0 0 1 1 Hyposulfidic sand
LFe02-B.1 e 0-12 0 0 1 1 Sand Hyposulfidic
LFe02-B.2 e 12-19 0 0 0 0 sand Y Low
LFe02-B.3 e 19-25 0 0 0 0 Hyposulfidic clayey sand Ssoi??s::;)s
LFe02-B.4 e 25-38 0 0 1 1 Hyposulfidic clayey sand
LFf02-B.1 f 0-12 0 1 1 2 Hypersufilidic sand Hypersulfidic
LFf02-B.2 f 12-35 0 0 0 0 sand i .
LFf02-B.3 f 35-47 0 0 1 1 Hyposulfidic sand SSUi??:::du)s ow
LFf02-B.4 f 47-78 0 0 0 0 Clayey sand
LF02-D
LFe02-D.1 e 0-7 0 0 1 1 Hyposulfidic sand Sulfuric
LFe02-D.2 e 7-19 1 1 1 3 Clayey sand subagueous High
LFe02-D.3 e 19-31 1 1 1 3* Sulfuric clayey sand il (sand)
LFe02-D.4 e 31-47 1 1 1 3 Hypersufilidic clayey sand sol
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Table 5-2 Summary of temporal and spatial variations and changes in ASS subtypes at each site (A and B). Note: (i) Cells shaded orange summarise data presented within this report, (ii) all other cells are based on/extrapolated from data presented in Fitzpatrick et al.
(2008a; 2008b; 2009b; 2008c) and (iii) cells bordered in blue indicate subaqueous

Post-drought

Post-drought

) Drought Drought Drought Post-drought Post-drought q
P.O'm Sturghlonty DI Winter 2009 End winter 2009 End summer 2010 Summer 2011 Winter 2011 SIET SHHIET SHET W, Summary
Sites Summer 2008 (hy) 2011/12 2011/12
(hZ) (a) (b) (C) (d) (e) (f)
cha_lssmcanon & Sulfuric (H) Sulfuric (H) Sulfuric (H) Sulfuric* (H) ST SUliIE el iz DRI I During the extreme drought period (2007 to 2009) the partial drying of the lake caused the formation of
Acid hazard subaqueous (H) subaqueous (H) subaqueous (H) subaqueous (H) > N X : X / . .
LF02-A Dominant water and Sulfuric soils. Prolonged inundation, following winter 2010, caused the formation of Sulfuric subaqueous
ASS process LW & Sulfuric LW & Sulfuric LW & Sulfuric LW & Sulfuric RW & Sulfuric UW & Sulfuric UW & Sulfide UW & Sulfide soil that developed into Hypersulfidic subaqueous soil.
Classification & Hyposulfidic - - - Hyposulfidic Hyposulfidic Hyposulfidic Hypersulfidic
LF02-B *Acid hazard (VL) Hyposulfidic (VL) Hyposulfidic (L) Hyposulfidic (L) subaqueous (L) subaqueous (L) subaqueous (L) subaqueous (L) During the extreme drought period (2007 to 2009) soil material remained Hyposulfidic. Inundation, following
22’;"32)”;";’?6' and | \y g sulfide LW & Sulfide LW & Sulfide LW & Sulfide RW & Sulfide UW & Sulfide UW & Sulfide UW & Sulfide winter 2010, caused the formation of Hypersulfidic and Hyposuilfidic subaqueous sol.
1 P ; :
Classification & Sulfuric Sulfuric
?Acid hazard No Data No Data No Data No Data No Data No Data subaqueous (H) subaqueous (H) - L . - . . .
LF02-D Dominant water and Following inundation in winter 2010, soil material remained Sulfuric subaqueous clay soil.
ASS process No Data No Data No Data No Data No Data No Data UW & Sulfuric UW & Sulfuric

Classification — Acid Sulfate Soil subtype classification
2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low
Dominant Water process

LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation

UW - Unchanged water regime, which had not yet evaporated to expose soil to air

RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping, regulator
installation, river flow and groundwater)

RF — Rain fall rewetting and natural reflooding to inundate and saturate soils

Dominant ASS — process

Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions to
form sulfuric material

Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)

Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material

Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material

Leach — Leaching of acid from soil by winter rain fall

Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default

Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red

Where h; to h; = historical sampling; (a) — (b) sampling conducted in this project
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6. LFO3 - MILANG

Summary

Overall, soil at Milang was considered to pose a medium acidification hazard.

During the extreme drought period (2007 to 2009) the partial drying of the lake caused profiles collected
closest to the shoreline (LFO3A) to transform from hypersulfidic subaqueous clay soil to sulfuric clay
soil. Most acidity was present below 25 cm and predominantly comprised Scg, which became a
combination of Scg and TAA following drying. Reflooding, in September 2010, had little impact on this
soil material. Although this site remained inundated for a period of 21 months, neutralisation was
limited, soil material remained sulfuric and the acidification hazard remained high.

Profiles collected further into the lake (LFO3B) were classified as hypersulfidic and sulfuric soil with
medium acidification hazard ratings. Drought conditions caused hypersulfidic subaqueous soil to
transform to sulfuric soil. Acidity within the subaqueous profile predominantly comprised Scg, some of
which transformed to TAA following drying. Reflooding and inundation for a period of 21 months seems
to have caused some flushing of acidity (H") from surface sediments and encouraged reducing conditions
and sulfate reduction. The acidification hazard at this site was considered to be medium.
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6.1 Background

Study area LFO03 was located south of the main Milang jetty (Figure 1-1). As part of this study, sampling
was carried out in December 2011 and June 2012 (Samplings-e/f). Previous samplings were undertaken
in May and June 2011 (Sampling-d), January and February 2011 (Sampling-c), March 2010 (Sampling-b)
and November 2009 (Sampling-a). Additionally, data from historic sampling (Samplings-hy/h,), carried
out in August 2007 and August 2009, were reassessed as part of this study. Sampling site locations are
displayed in Figure 6-1.
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Figure 6-1 Sample location map. Aerial photograph taken in March 2008 (Orange line: sampling-a & b
water level, Blue line: sampling-c, d, e & f water level)

At the time of Sampling-c/d/e/f, the lake level had risen to approximately 0.7 m AHD and the study area
had been completely re-flooded (Figure 6-1: Figure 6-2). Prior to this, at the time of Samplings-a/b, the
study area comprised an extensive area of beach, which extended from the pre-drought (pre 2006) shore
to the waterline, approximately 750 m east (Figure 6-1). However, prior to this, in August 2007
(Sampling-h;), only a few metres of beach were exposed (varied with seiche) (Figure 6-2). Since March
2008, the water level had dropped slightly and a large proportion of this beach area had been revegetated
with grasses (Figure 6-1: Figure 6-2). Only minor changes were noted in the study area between
Sampling-a and Sampling-b. The lake level had dropped from -0.80 m AHD in November 2009
(Sampling-a) to a low of -0.95 m AHD in January 2010. However, by March 2010 (Sampling-b) the lake
level had risen back to -0.80 m AHD (MDBA 2011). In March 2010, small sand dunes (height < 30 cm)
had formed against or had covered vegetation.
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(hq) - August 2007

(a) - November 2009

(c) - January 2011

(e) - December 2011

(f) = June 2012

Figure 6-2 Site photographs. Refer to Figure 6-1 for the location and direction that photographs were taken, indicated by a or B (photographs were selected that best
depicted the environmental conditions at the study area during each sampling)
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6.2 Soils

Soils at Milang generally comprised sulfuric, hypersulfidic and hyposulfidic sand. A summary of
encountered soils is provided below and site locations are presented in Figure 6-1. Detailed profile
descriptions are presented in Appendix 4 and Appendix 8. Profile photographs are presented in Appendix
5.

LF03-A

During previous studies, when the study area was dry, profiles were collected at this site on three
occasions (Samplings-hy/a/b). The historic sampling was subaqueous and was carried out using a gouge
auger. It encountered grey and black sand and silt to a depth of 30 cm. Underlying this was olive brown
to black clay to a depth of 50 cm. This was underlain, to the maximum extent of investigation (80 cm) by
grey sand. Samplings-a/b were carried out using a spade and encountered yellow brown sand and loamy
sand to depths of 30 cm and 25 cm respectively. Sampling-a encountered very dark olive grey medium
clay between 30 and 40 cm. From 40 to 50 cm was grey sand with orange and red mottles. Underlying
this, to the maximum depth of investigation (70 cm), was dark grey sand.  Sampling-b, encountered
yellow grey and grey sand and loamy sand with jarosite mottles associated with roots to a depth of 100
cm. Underlying this, to the maximum depth of investigation (110 cm), was organic rich dark olive heavy
clay.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered dark grey to black organic
rich loamy sand to depths of 7 and 10 cm. Underlying this, to a depth of 16 cm, was greyish brown
loamy sand with approximately 5 % black mottles. This was underlain, to depths of 24 and 21 cm , by
olive brown clay with a few jarosite mottles associated with root channels. Underlying this, to depths of
54 and 47 cm, was grey brown loamy sand with 30 % jarosite mottles. During Sampling-c, this was
underlain, to the maximum extent of investigation (63 cm) by dark grey sand with clayey bands and a few
jarosite mottles. During Sampling-d, very dark brown spongy sapric peat was encountered instead, to a
depth of 65 cm.

As part of this study, a UWS was used to collect subaqueous soil profiles (Samplings-e/f). The
investigations encountered 10 to 15 cm of dark grey sand with 30% black mottles, which overlay grey
brown loamy sand to depths of 16 to 20 cm. This was underlain, to depths of 19 to 26 cm, by very dark
grey brown heavy clay with remnant roots. Underlying this, to depths of 42 to 60 cm, was grey brown
loamy sand with prominent yellow jarosite mottles. During Sampling-e, this was underlain, to the
maximum extent of investigation (48 cm) by very dark brown sapric peat. During Sampling-f, this was
underlain, to the maximum extent of investigation (68 cm) by grey loamy sand.

LF03-B

During previous studies, when the study area was dry, profiles were collected at this site on three
occasions (Samplings-hi/a/b). The historic sampling was subaqueous and was carried out using a gouge
auger. It encountered yellow sand to a depth of 5cm, which was underlain to a depth of 15 cm by very
dark grey sand with black and yellow mottles. This was underlain, to the maximum extent of
investigation (30 cm) by pale grey sand with minor black mottles and few shells. Samplings-a/b were
carried out using a spade and encountered yellow brown sand to a depth of 30 cm. During Sampling-a,
orange mottles were encountered between 15 and 30 cm. During Sampling-b, reddish brown mottles
were encountered between 0 and 10 cm and jarosite mottles between 10 and 30 cm. Samplings-a and
Sampling-b encountered grey medium to coarse sand between 30 cm and 50 cm and between 30 cm and
60 cm respectively. During Sampling-a, this was underlain, to the maximum extent of investigation (65
cm), by blueish grey medium clay. In contrast, Sampling-b encountered olive grey sand with shell
fragments and a distinct 5 cm thick band of shell and bluish grey sandy clay at 60 cm.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect

subaqueous soil profiles on two occasions. The investigations encountered 13 and 6 cm of dark grey sand
with black mottles. This was underlain, to depths of 30 and 20 cm, by grey sand with a few jarosite

36 Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia



LFO3 — MILANG

mottles. Underlying this was grey sand to depths of 47 and 51 cm. This was underlain, to the maximum
extent of investigation ( 74 and 53 cm), by dark grey sand and loamy sand.

As part of this study, a UWS was used to collect subaqueous soil profiles (Samplings-e/f). The
investigation encountered 8 to 9 cm of greyish brown sand, which overlay dark greyish brown sand with
black mottles to a depths of 14 to 15 cm. This was underlain, to depths of 29 to 30 cm, by grey sand.
During Sampling-e, this was underlain, to a depth of 37 cm, by grey clayey sand. Underlying this, to the
maximum extent of investigation (48 cm) by very dark grey loamy sand. During Sampling-f, this was
underlain, to a depth of 50 cm, by greyish brown sand with some sandy clay bands. Underlying this, to
the maximum extent of investigation (72 cm) by greyish brown sand.

6.3 Soil acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3. Acid-base
accounting and pH data (pHox, pHine & pHyw), for each soil layer, are presented in Figure 6-3. These
data were used to inform the acidification hazard assessment that is presented in Table 6-1.
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Figure 6-3 pH and acid-base accounting data plotted against depth for each profile collected
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6.4 Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil sample
collected, according to the definitions and methods presented in Section 1.3 and Section 2.4 respectively.
A summary of acidification potential and ASS material classification is presented in Table 6-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil profile
collected. ASS subtype classification was achieved using the methods described in Appendix 2.
Acidification hazard assessment was based on: (i) landscape position (Figure 6-1), (ii) soil morphology
(Section 6.2), (iii) acid-base accounting (Figure 6-3), (iv) pH data (Figure 6-3), (v) acidification potential
(Table 6-1) and (vi) ASS material and subtype classification (Table 6-1). Acidification hazard categories
were: (i) very low, (ii) low, (iii) medium and (iv) high. A summary of ASS subtype classification and
acidification hazard for each profile collected between August 2007 and June 2012 is presented in Table
6-1.

Soil profiles at Milang comprised hypersulfidic and sulfuric soil with medium and high acidification
hazard ratings (Table 6-1). Profiles collected closest to the shoreline (LF03-A; Figure 6-1) were
classified as hypersulfidic and sulfuric soil with high acidification hazard ratings (Table 6-1). They
generally had high positive net acidity, low levels of ANC and medium and high acidification potential
(Figure 6-3; Table 6-1). The historic sampling at site LF03-A was carried out under subaqueous
conditions and soil materials were classified as hypersulfidic subaqueous soil, which dried to sulfuric soil
(Samplings-a/b) (Table 6-1). Acidity within the subaqueous profile predominantly comprised Scg, which
became a combination of Scg and TAA following drying (Figure 6-3). Most of the acidity in the profile
was present below approximately 25 cm. Reflooding, in September 2010, had little impact on this soil
material (Table 6-2). Although this site remained inundated for a period of 21 months, RA and TAA was
still present at depth and soil material remained sulfuric (Figure 6-3).

Profiles collected further into the lake, at site LF03-B (Figure 6-1), were classified as hypersulfidic and
sulfuric with medium acidification hazard ratings (Table 6-1). They generally had positive net acidity,
little ANC and high acidification potential below 15 cm (Figure 6-3; Table 6-1). The historic sampling at
this site was carried out under subaqueous conditions and soil materials were classified as hypersulfidic
subaqueous, which dried to sulfuric (Samplings-a/b) (Table 6-1). Acidity within the subaqueous profile
predominantly comprised Scg, some of which transformed to TAA following drying (Figure 6-3).
Reflooding and inundation for a period of 21 months seems to have caused some flushing of acidity (H")
from surface sediments and encouraged reducing conditions and sulfate reduction (Table 6-2).

Overall, soil at Milang was considered to pose a medium acidification hazard.
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Table 6-1 Summary of acidification potential, ASS material classification, ASS subtype classification and
acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

Sample Samplin Depth pHox PHine NA Acidification ASS material ASS subtype Acidification

g (cm) <25 <4.0 >0 potential classification classification hazard
LFO3-A
AA 16.1 hy 0-3 0 0 0 0 Hyposulfidic sand
AA 16.2 hy 3-12 0 0 0 0 Hyposulfidic silt Hypersulfidic
AA 16.3 hy 12-20 1 0 1 2 Hyposulfidic silty sand subagueous High
AA 16.4 hy 20-30 1 1 1 3 Hypersulfidic clay clay sgil (sand)
AA 16.5 hy 30-50 1 1 1 3 Hypersulfidic clay
AA 16.6 hy 50-80 1 1 1 3 Hypersulfidic sand
LFa03-A.1 a 0-30 1 1 1 3* Sulfuric fine sand
LFa03-A.2 a 30-40 1 1 1 3* Sulfuric clay Sulfuric soil High
LFa03-A.3 a 40-50 1 1 1 3* Sulfuric coarse sand (sand)
LFa03-A.4 a 50-70 1 1 1 3 Hypersulfidic sand
LFb03-A.1 b 0-5 0 0 0 0 Hyposulfidic loamy sand
LFb03-A.2 b 5-25 1 1 1 3* Sulfuric loamy sand
LFb03-A.3 b 25-40 1 1 1 3* Sulfuric heavy clay Sulfuric clay High
LFb03-A.4 b 40-62 1 1 1 3* Sulfuric loamy sand soil (sand)
LFb03-A.5 b 62-100 1 1 1 3* Sulfuric sand
LFb03-A.6 b 100-110 1 1 1 3 Hypersulfidic heavy clay
LFc03-A.1 c 0-7 0 1 0 1 Hypersulfidic loamy sand
LFc03-A.2 c 7-16 1 1 1 3 loamy sand Sulfuric
LFc03-A.3 c 16-24 1 1 1 3* Sulfuric clay subaqueous High
LFc03-A4 c 24-54 1 1 1 3* Sulfuric loamy sand clay soil (sand)
LFc03-A.5 c 54-63 1 1 1 3* Sulfuric sand
LFd03-A.1 d 0-10 0 1 1 2 Hypersulfidic loamy sand Sulfuric
LFd03-A.2 d 10-16 1 1 1 3 Loamy sand subagueous High
LFd03-A.3 d 16-21 1 1 1 3* Sulfuric clay soil (sand)
LFd03-A.4 d 21-47 1 1 1 3* Sulfuric loamy sand
LFe03-A.1 e 0-10 0 1 1 2 Hypersufilidic loamy sand
LFe03-A.2 e 10-16 1 1 1 3 Hypersufilidic loamy sand Sulfuric
LFe03-A.3 e 16-19 1 1 1 3* Sulfuric heavy clay subaqueous High
LFe03-A.4 e 19-42 1 1 1 3* Sulfuric loamy sand soil (sand)
LFe03-A.5 e 42-48 1 1 1 3 Hypersufilidic sapric peat

Hypersufilidic loamy fine
LFi03-A.1 f 0-15 1 1 1 3 sand Y .
Hypersufilidic loamy fine Sulfuric

LFf03-A.2 yp Yy subaqueous High

f 15-20 1 1 1 3 sand soil (sand)
LFf03-A.3 f 20-26 1 1 1 3 Hypersufilidic heavy clay
LFf03-A.4 f 26-60 1 1 1 3* Sulfuric loamy sand
LFO03-B
AA15.1 hy 0-3 0 0 0 0 Sand Hypersulfidic
AA15.2 hy 3-15 0 0 0 0 Sand subaqueous Medium
AA15.3 hy 15-30 1 1 1 3 Hypersulfidic sand soil (sand)
LFa03-B.1 a 0-15 0 0 0 0 Hyposulfidic sand ; )
LFa03-B.2 a 15-30 1 1 1 3 Sulfuric sand S”'fu”cdso" Medium
LFa03-B.3 a 30-60 1 1 1 3 Hypersulfidic sand (sand)
LFb03-B.1 b 0-5 0 0 0 0 Hyposulfidic sand
LFb03-B.2 b 5-10 0 0 0 0 Hyposulfidic sand Sulfuric soil
LFb03-B.3 b 10-30 1 1 1 3* Sulfuric sand (sand) Medium
LFb03-B.4 b 30-50 1 1 1 3* Sulfuric sand
LFb03-B.5 b 50-70 0 0 0 0 Hyposulfidic sand
LFc03-B.1 c 0-13 0 0 1 1 Sand Hypersulfidic
LFc03-B.2 c 13-30 1 1 1 3 sand od iioni Vedium
LFc03-B.3 c 30-57 1 0 1 2 Hyposulfidic sand soil ((]sand)
LFc03-B.4 c 57-74 1 1 1 3 Hypersulfidic sand
LFd03-B.1 d 0-6 0 1 1 2 Sand Hypersulfidic
LFd03-B.2 d 13-20 0 1 1 2 Sand subaqueous Medium
LFd03-B.3 d 20-48 1 1 1 3 Hypersulfidic sand soil (sand)
LFe03-B.1 e 0-8 0 0 1 1 Hyposulfidic sand Hypersulfidic
LFe03-B.3 e 14-29 1 1 1 3 Hypersufilidic sand Sa’ga . Medium
LFe03-B.4 e 29-37 1 1 1 3 Hypersufilidic clayey sand i a d
LFe03-B.5 e 37-48 1 1 1 3 Hypersufilidic loamy sand soil (sand)
LFf03-B.1 f 0-9 1 1 1 3 Hypersufilidic sand
LFf03-B.2 f 9-15 0 1 1 2 Hypersufilidic sand Hypersulfidic
LFf03-B.3 f 15-28 1 1 1 3 Sand subaqueous Medium
LFf03-B.4 f 28-50 1 1 1 3 Hypersufilidic sand soil (sand)
LFf03-B.5 f 50-72 1 1 1 3 Hypersufilidic sand
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Table 6-2 Summary of temporal and spatial variations and changes in ASS subtypes at each site (A and B). Note: (i) Cells shaded orange summarise data presented within this report, (ii) all other cells are based on/extrapolated from data presented in Fitzpatrick et al.
(2008a; 2008b; 2009b; 2008c) and (iii) cells bordered in blue indicate subaqueous

Post-drought

Post-drought

Pre-drought Drought Drought Drought Post-drought Post-drought ey SR
Milang Sites Winter 2007 Winter 2009 End winter 2009 End summer 2010 Summer 2011 Winter 2011 Summary
() (h2) (@) (b) © (d) 208112 200012
(e) ®

1 I Hypersulfidic Sulfuric f . .

zgﬁjigiztrlgn & subaqueous clay Sulfuric (H) Sulfuric (H) Sulfuric* clay (H) subaqueous clay slljtljf;;:eous (H) §3S:rfeous H) sllJJtIJf;;uceous (H) During the extreme drought period (2007 to 2009) the partial drying of the lake caused Hypersulfidic
LF03-A (H) (H) q subaqueous clay soil to transform to Sulfuric clay soil. Inundation, following winter 2010, caused the

igg'gincte";zter and |y g sulfide LW & Sulfuric LW & Sulfuric LW & Sulfuric RW & Sulfuric UW & Sulfuric UW & Sulfuric UW & Sulfuric formation of Sulfuric subaqueous (clay) soil.

Classification & Hypersulfidic . . q Hypersulfidic Hypersulfidic Hypersulfidic Hypersulfidic ' . . . -

2pcid hazard subaqueous (M) Sulfuric (M) Sulfuric (M) Sulfuric (M) subaqueous (M) subaqueous (M) subagueous (M) subaqueous (M) During the extrgme drought period (20_07 tq 2009) the_ partial drymg o_f the lake caused Hypersulfidic )
LF03-B Dominant water and subaqueous soil to transform to Sulfuric soil. Inundation, following winter 2010, encouraged sulfate reduction

ASS process UW & Sulfide LW & Sulfuric LW & Sulfuric LW & Sulfuric RW & Sulfide UW & Sulfide UW & Sulfide UW & Sulfide and caused the formation of Hypersulfidic subaqueous soil.

*Classification — Acid Sulfate Soil subtype classification

Dominant ASS — process

2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low

Dominant Water process

LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation

UW — Unchanged water regime, which had not yet evaporated to expose soil to air

RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping, regulator
installation, river flow and groundwater)

RF — Rain fall rewetting and natural reflooding to inundate and saturate soils

Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions to
form sulfuric material

Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)

Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material

Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material

Leach — Leaching of acid from soil by winter rain fall

Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default

Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red
Where h; to h; = historical sampling; (a) — (b) sampling conducted in this project
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7. LF0O4 -TOLDEROL

Summary

Soil at Tolderol was considered to pose a medium acidification hazard. On drying, previously acidic soil
material is likely to re-acidify rapidly and may impact upon surface waters.

Closest to the shoreline, drought caused hypersulfidic subaqueous soil to form sulfuric soil with high
acidification hazard ratings. Reflooding, in September 2010, and inundation for a period of 21 months
seems to have generally resulted in less acidic soil conditions and a transformation from sulfuric to
hypersulfidic subaqueous soil. In Sampling-d/e there was a slight lessening of TAA and a corresponding
increase in Scg in the profile suggesting the onset of reducing conditions may have promoted reduction of
sulfate. However, Sampling-f encountered significant concentrations of TAA between depths of 23 and
30 cm that was associated with low pHw and jarosite mottles. This was attributed to spatial variability.

Profiles collected further into the lake were classified as hypersulfidic and hyposulfidic soil with low and
medium acidification hazard ratings. Following reflooding, in September 2010, there was an apparent
loss of ANC from surface soil layers. Although this may have been due to chemical dissolution, it was
most likely the result of physical erosion (noted at other locations around the lakes). These soil material
were considered to have a medium soil acidification hazard.
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7.1 Background

Study area LF04 was located approximately 16 km north east of Milang, within the Tolderol Game
Reserve (Figure 1-1). As part of this study, sampling was carried out in December 2011 and June 2012
(Samplings-e/f). Previous samplings were undertaken in May and June 2011 (Sampling-d), January and
February 2011 (Sampling-c), March 2010 (Sampling-b) and November 2009 (Sampling-a). Additionally,
data from historic sampling (Samplings-h,/h,), carried out in August 2007 and August 2009, were
reassessed as part of this study. Sampling site locations are displayed in Figure 7-1.

330800
1

LF04 - Toldero| S IR varch 2005]

331000 31200 331400 331600 331800 332000 332200 32400 352600 332800 333000
1 1

COE4D00
EOE4000

6083200 608 3400 GOE 3600 GOB 3800
608 3400 GOE 3500 £08 3800

GOE3Z00

£0B 3000
£08 3000

6082800
6082800

1 1 1 1
330800 331000 331200 31400 331600 31800 332000 332200 332400 3326800 332800 333000

Figure 7-1 Sample location map. Aerial photograph taken in March 2008 (Orange line: sampling-a & b
water level, Blue line: sampling-c, d, e & f water level)

At the time of Sampling-c/d/e, the lake level had risen to approximately 0.65 m AHD and the study area
had been completely re-flooded (Figure 7-1: Figure 7-2). Prior to this, at the time of Samplings-a/b, the
study area comprised an extensive area of beach, which extended from the pre-drought (pre 2006) shore
to the waterline, approximately 700 m south (Figure 7-1). However, prior to this, in August 2007
(Sampling-h;), only a few metres of beach were exposed (varied with seiche) (Figure 7-2). Since March
2008, the water level had dropped slightly and a large proportion of this beach area had been revegetated
with cereal rye (Figure 7-1: Figure 7-2). Only minor changes were noted in the study area between
Sampling-a and Sampling-b. The lake level had dropped from -0.80 m AHD in November 2009
(Sampling-a) to a low of -0.95 m AHD in January 2010. However, by March 2010 (Sampling-b) the lake
level had risen back to -0.80 m AHD (MDBA 2011). In March 2010, the cereal rye had dropped its seeds
and only the dried stems remained.
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(hy) - August 2007

- a— il

(c) - January 2011 |}

(d) - May 2011

(e) - December 2011

(f} = June 2012

Figure 7-2 Site photographs. Refer to Figure 7-1 for the location and direction that photographs were taken, indicated by a or B (photographs were selected that best
depicted the environmental conditions at the study area during each sampling)
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7.2 Soils

Soils at Tolderol generally comprised sulfuric, hypersulfidic and hyposulfidic sand. A summary of
encountered soils is provided below and site locations are presented in Figure 7-1. Detailed profile
descriptions are presented in Appendix 4 and Appendix 8. Profile photographs are presented in Appendix
5.

LF04-A

During previous studies, when the study area was dry, profiles were collected at this site on three
occasions (Samplings-hy/a/b). The historic sampling was subaqueous and was carried out using a spade.
It encountered yellowish grey sand to a depth of 3 cm, which was underlain, to the maximum depth of
investigation (15 cm), by grey sandy clay with black mottles. Sampling-a encountered pale grey medium
to coarse sand with orange mottles to a depth of 25 cm. This was underlain, to a depth of 35 cm, by grey
sand with jarosite mottles. Between 35 and 42 cm was greenish grey sandy clay with few orange mottles
along root channels. This was underlain, to the maximum extent of investigation (55 cm) by grey sand
with dark grey mottles. Sampling-b encountered light brown sand with yellow and orange mottles to a
depth of 15 cm. This was underlain, to a depth of 40 cm by grey sand with yellow brown and jarosite
mottles. Between 40 and 50 cm was dark grey sand with darker grey mottles. This was underlain, to the
maximum extent of investigation (65 cm) by blue grey medium to heavy clay.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 18 and 10 cm of dark grey to
black sand that was underlain, to depths of 28 and 20 cm, by grey sand with 10 to 15 % yellow jarosite
mottles. These were distinct during Sampling-c and diffuse during Sampling-d. Underlying this, to
depths of 38 and 58 cm was grey sand with rare shells encountered during Sampling-d. This was
underlain, to the maximum extent of investigation (65 and 77 cm), by dark grey clay. Many more shells
were encountered in this layer during Sampling-d.

As part of this study, a push tube and UWS were used to collect subaqueous soil profiles (Samplings-e/f).
Sampling-e encountered 5 cm of very dark grey sand, which overlay light brownish grey sand with
diffuse jarosite mottles to a depth of 12 cm. This was underlain, to a depth of 45 cm, by grey sand with
greenish grey bands of clay. Underlying this, to the maximum extent of investigation (67 cm) was dark
greenish grey clay with some sandy lenses and prominent layers of shell fragments. Sampling-f
encountered 10 cm of very dark grey sand, which overlay brownish grey sand with diffuse jarosite
mottles to a depth of 23 cm. This was underlain, to a depth of 30 cm, by dark greenish grey sandy clay
loam with jarosite mottles. Underlying this, to a depth of 52 cm, was grey sand with few brown mottles.
This was underlain, to the maximum extent of investigation (80 cm) by grey sandy clay loam with rare
shell fragments at base.

LF04-C

During previous studies, when the study area was dry, profiles were collected at this site on three
occasions (Samplings-h,/a/b). The historic sampling was subaqueous and was carried out from a boat and
encountered grey coarse sand to the maximum depth of investigation at 50 cm. Sampling-a encountered
3 cm of pale brown coarse sand with bright orange mottles. This was underlain, to a depth of 10 cm, by
dark grey medium sand with brown orange and black mottles. Underlying this, to the maximum extent of
investigation (35 cm), was very dark grey to black coarse sand. Sampling-b encountered 15 cm of brown
sand with distinct red brown mottles. Between 15 and 35 cm was dark grey to black sand. This was
underlain, to the maximum extent of investigation (50 cm), by olive grey gleyed sand with small amounts
of fine fibric material.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. Very dark grey to black sand was encountered to depths of 15
and 23 cm, which was underlain, to depths of 40 and 47 cm, by grey sand with dark grey to black diffuse
mottles. During Sampling-c, this was underlain, to the maximum extent of investigation (70 cm), by dark
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grey sand. During Sampling-d, this was underlain, to the maximum extent of investigation (70 cm), by a
grey shelly sandy clay band overlying dark grey sand.

As part of this study, a push tube and UWS were used to collect subaqueous soil profiles (Samplings-e/f).
The investigations encountered 15 to 23 cm of very dark grey sand with some monosulfidic material,
which overlay grey sand with thin bands of clay to depths of 47 to 51 cm. This was underlain, to depths
of 62 to 78 cm, by grey sand with common shell fragments. Underlying this, to the maximum extent of
investigation (68 and 82 cm) was dark grey medium to heavy clay with bivalves at upper boundary in
Sampling-e.

7.3 Soil acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3. Acid-base
accounting and pH data (pHox, pHine & pHyw), for each soil layer, are presented in Figure 7-3. These
data were used to inform the acidification hazard assessment that is presented in Table 7-1.
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Figure 7-3 pH and acid-base accounting data plotted against depth for each profile collected
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7.4 Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil sample
collected, according to the definitions and methods presented in Section 1.3 and Section 2.4 respectively.
A summary of acidification potential and ASS material classification is presented in Table 7-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil profile
collected. ASS subtype classification was achieved using the methods described in Appendix 2.
Acidification hazard assessment was based on: (i) landscape position (Figure 7-1), (ii) soil morphology
(Section 7.2), (iii) acid-base accounting (Figure 7-3), (iv) pH data (Figure 7-3), (v) acidification potential
(Table 7-1) and (vi) ASS material and subtype classification (Table 7-1). Acidification hazard categories
were: (i) very low, (ii) low, (iii) medium and (iv) high. A summary of ASS subtype classification and
acidification hazard for each profile collected between August 2007 and June 2012 is presented in Table
7-1.

Soil profiles at Tolderol comprised hyposulfidic, hypersulfidic and sulfuric soil with low to high
acidification hazard ratings (Table 7-1). Profiles collected closest to the shoreline (LF04-A; Figure 7-1)
were classified as hypersulfidic and sulfuric soil with high acidification hazard ratings (Table 7-1). They
generally had positive net acidity, low levels of ANC and high acidification potential (Figure 7-3; Table
7-1). The historic sampling was carried out under subaqueous conditions (Figure 7-2) and the soil
material classified as hypersulfidic subaqueous soil, that dried to sulfuric soil (Sampling-b) (Table 7-1).
Reflooding, in September 2010, and inundation for a period of 21 months seems to have resulted in less
acidic soil conditions. The soil material at this site transformed from sulfuric to hypersulfidic
subaqueous. In Sampling-d/e there was a slight lessening of TAA and a corresponding increase in Scg in
the profile suggesting the onset of reducing conditions may have promoted reduction of sulfate (Figure
7-3). However, Sampling-f encountered significant concentrations of TAA between depths of 23 and 30
cm that was associated with low pHw and jarosite mottles (Figure 7-3) (Section 7.2). This was attributed
to spatial variability.

Profiles collected further into the lake, at site LF04-C (Figure 7-1), were classified as hyposulfidic and
hypersulfidic soil with medium and low acidification hazard ratings (Table 7-1). They had both slightly
positive and negative net acidity, little ANC and acidity. Acidification potential ranged from very low to
high (Figure 7-3; Table 7-1). Following reflooding, in September 2010, there was an apparent loss of
ANC from surface soil layers (Table 7-2). Although this may have been due to chemical dissolution, it
was most likely the result of physical erosion (noted at other locations around the lakes). During drought
and subsequent reflooding, soil material remained hypersulfidic with a medium acidification hazard
rating (Table 7-2).

Soil at Tolderol was considered to pose a medium acidification hazard (Table 7-1). On drying,
previously acidic soil material is likely to re-acidify rapidly and may impact upon surface waters.
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Table 7-1 Summary of acidification potential, ASS material classification, ASS subtype classification and
acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

. Depth pHox pHine NA Acidification ASS material ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential classification classification hazard
LF04-A
Hypersulfidic
AA13.2 hy 3-15 1 1 1 3 Hypersulfidic sandy clay subaqueous High
clay soil (clay)
LFa04-A.1 a 0-25 0 0 0 0 Hyposulfidic sand
LFa04-A.2 a 25-35 1 1 1 3* Sulfuric sand Sulfuric soil High
LFa04-A.3 a 35-42 1 1 1 3 Hypersulfidic sandy clay (sand) 9
LFa04-A.4 a 42-55 1 1 1 3 Hypersulfidic sand
LFb04-A.1 b 0-15 0 1 0 1 Hyposulfidic sand
LFb04-A.2 b 15-26 1 1 1 3* Sulfuric sand Sulfuric soil
LFb04-A.3 b 26-40 1 1 1 3* Sulfuric sand (sand) High
LFb04-A.4 b 40-58 1 1 1 3* Sulfuric sand
LFb04-A.5 b 58-65 1 1 1 3 Hypersulfidic heavy clay
LFc04-A.1 c 0-18 0 0 1 1 Sand
LFc04-A.2 c 18-28 1 1 1 3* Sulfuric sand Sulfuric
LFc04-A.3 c 28-45 1 1 1 3 Hypersulfidic sand subaqueous soil High
LFc04-A.4 c 45-58 1 1 1 3 Hypersulfidic sand (sand)
LFc04-A.5 c 58-65 0 0 1 1 Hyposulfidic clay
LFd04-A.1 d 0-10 0 1 1 2 Hypersulfidic sand Hypersulfidic
LFd04-A.2 d 10-20 1 1 1 3 Hypersulfidic sand Sub’;p s sl Hiah
LFd04-A.3 d 20-38 1 1 1 3 Hypersulfidic sand ?sand) 9
LFd04-A.4 d 38-77 1 0 1 2 Hyposulfidic sand
LFe04-A.1 e 0-5 0 1 1 2 Hypersufilidic sand Hypersulfidic
LFe04-A.2 e 5-12 1 1 1 3 Hypersufilidic sand ) )
LFe04-A.3 e 12-45 1 1 1 3 Hypersufilidic sand s“ba?;;:d”f soil High
LFe04-A.4 e 45-67 0 1 1 2 Hypersufilidic heavy clay
LFf04-A.1 f 0-10 1 1 1 3 Hypersufilidic sand
LFf04-A.2 f 10-23 1 1 1 3 Hypersufilidic sand Hypersulfidic
LFf04-A.3 f 23-30 1 1 1 3 Hypersufilidic sandy clay subaqueous soil High
LFf04-A.4 f 30-52 1 1 1 3 Hypersufilidic sand (sand)
LFf04-A.5 f 52-80 1 1 1 3 Hypersufilidic sandy clay
LF04-C
LL 1501 h, 0-10 0 0 0 0 Sand Hypersulfidic
LL 1502 h, 10-30 1 1 1 3 Hypersulfidic sand subaqueous soil Medium
LL 1503 h, 30-50 1 1 1 3 Hypersulfidic sand (sand)
LFa04-C.1 a 0-3 0 0 0 0 Hyposulfidic sand Hyposulfidic soil
LFa04-C.2 a 3-10 0 0 0 0 Hyposulfidic sand yp (sand) Low
LFa04-C.3 a 10-35 0 0 1 1 Hyposulfidic sand
LFb04-C.1 b 0-15 0 0 0 0 Hyposulfidic sand Hypersulfidic
LFb04-C.2 b 15-35 0 0 1 1 Hyposulfidic sand Sy(f'” (eand) Medium
LFb04-C.3 b 35-50 1 1 1 3 Hypersulfidic sand
LFc04-C.1 c 0-15 0 1 1 2 Hypersulfidic sand Hypersulfidic
LFc04-C.2 c 15-40 1 1 1 3 Hypersulfidic sand subaqueous soil Medium
LFc04-C.3 c 40-70 1 1 1 3 Hypersulfidic sand (sand)
LFd04-C.1 d 0-23 0 1 1 2 Hypersulfidic sand Hypersulfidic
LFd04-C.2 d 23-47 1 1 1 3 Hypersulfidic sand subaqueous soil Medium
LFd04-C.3 d 47-70 1 1 1 3 Hypersulfidic clayey sand (sand)
LFe04-C.1 e 0-15 0 0 0 0 Hyposulfidic sand Hypersulfidic
LFe04-C.2 e 15-51 0 1 1 2 Hypersufilidic sand subaqueous soil Medium
LFe04-C.3 e 51-62 0 0 0 0 Hyposulfidic sand (sand)
LFf04-C.1 f 0-23 0 1 1 2 Hypersufilidic sand Hypersulfidic
LFf04-C.2 f 23-47 1 1 1 3 Hypersufilidic sand subaqueous soil Medium
LFf04-C.3 f 47-78 1 0 1 2 Hyposulfidic sand (sand)
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Table 7-2 Summary of temporal and spatial variations and changes in ASS subtypes at each site (A and C). Note: (i) Cells shaded orange summarise data presented within this report, (ii) all other cells are based on/extrapolated from data presented in Fitzpatrick et al.
(2008a; 2008b; 2009b; 2008c) and (iii) cells bordered in blue indicate subaqueous

Post-drought

Post-drought

Tolderol Pre-drought Bl Drought Drought Post-drought Post-drought ST IHIET SR
: Winter 2007 - 9 End winter 2009 End summer 2010 Summer 2011 Winter 2011 Summary
Sites Winter 2009 (hy) 2011/12 2011/12
(hl) (a) (b) (C) (d) (e) (f)
Classification & ?ggzriilélgécda Sulfuric (H) Sulfuric (H) Sulfuric (H) Sulfuric Hypersulfidic Hypersulfidic Hypersulfidic During the extreme drought period (2007 to 2009) the partial drying of the lake caused Hypersulfidic
LEO4-A ®Acid hazard (H) q Y subaqueous (H) subaqueous (H) subaqueous (H) subaqueous (H) subaqueous clay soil to transform to Sulfuric soil. Inundation, following winter 2010, caused the
Dominant water and formation of Sulfuric subaqueous soil. Prolonged inundation encouraged sulfate reduction and caused
ASSIprocev;s UW & Sulfide LW & Sulfuric LW & Sulfuric LW & Sulfuric RW & Sulfuric UW & Sulfide UW & Sulfide UW & Sulfide the formation of Hypersulfidic subaqueous clays.
Classification & Hypersulfidic Hypersulfidic _— A Hypersulfidic Hypersulfidic Hypersulfidic Hypersulfidic ' . . . -
FyoN Hyposulfidic (L) Hypersulfidic (M) During the extreme drought period (2007 to 2009) the partial drying of the lake caused Hypersulfidic
LF04-C Acid hazard subaqueous (M) subaqueous (M) subaqueous (M) subaqueous (M) subaqueous (M) subaqueous (M) subaqueous soil to transform to Hypersulfidic soil. Inundation, following winter 2010, caused the

Dominant water and
ASS process

UW & Sulfide

UW & Sulfide

LW & Sulfide

LW & Sulfide

RW & Sulfide

UW & Sulfide

UW & Sulfide

UW & Sulfide

formation of Hypersulfidic subaqueous soil

*Classification — Acid Sulfate Soil subtype classification
2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low
Dominant Water process

LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation

UW — Unchanged water regime, which had not yet evaporated to expose soil to air

RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping, regulator

installation, river flow and groundwater)
RF — Rain fall rewetting and natural reflooding to inundate and saturate soils

Dominant ASS — process

Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions to
form sulfuric material

Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)

Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material

Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material

Leach — Leaching of acid from soil by winter rain fall

Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default

Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red

Where h; to h; = historical sampling; (a) — (b) sampling conducted in this project
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8. LFO06 - POLTALLOCH

Summary

Overall, soil at Poltalloch was considered to pose a low acidification hazard.

Profiles collected at Poltalloch were classified as hyposulfidic and hypersulfidic soil with very low and
low acidification hazard ratings. They generally had low or negative net acidity, moderate levels of
ANC, low acidity and very low and low acidification potential. Reflooding, in September 2010, had no
discernible impact upon this soil material, which remained hypersulfidic and hyposulfidic with negative
net acidity near the surface and positive net acidity at depth (dominated by Scg).
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8.1 Background

Study area LF06 was located approximately 4 km north east of The Narrows, on the Poltalloch Station
(Figure 1-1). As part of this study, sampling was carried out in December 2011 and June 2012
(Samplings-e/f). Previous samplings were undertaken in May and June 2011 (Sampling-d), January and
February 2011 (Sampling-c), March 2010 (Sampling-b) and November 2009 (Sampling-a). Additionally,
data from historic sampling (Sampling-h;), carried out in March 2008, were reassessed as part of this
study. Sampling site locations are displayed in Figure 8-1.

TR0 338000 335200 33400 338600 338800 333000 333200 330 339600 3sas00 340000
1 1 1 1

LF06 - Poltalloch T~

GO 1000
GOT 1000

EOTOEOD
EOT 0

EOT 08 00
EOT 08 00

BOT 0200 GOT 0400
GO7 0400

EOT 0200

BOT 00 00
BOT 00 00

EOESEDD
EOESEDD

1 1 1 1 1 1 1
33T 80D 338000 338200 33400 338600 336800 339000 339200 333400 339600 333800 340000

Figure 8-1 Sample location map. Aerial photograph taken in March 2008 (Orange line: sampling-a & b
water level, Blue line: sampling-c, d, e & f water level)

At the time of Sampling-c/d/e, the lake level had risen to approximately 0.6 m AHD and the study area
had been completely re-flooded (Figure 8-1: Figure 8-2). Prior to this, at the time of all samplings (hy, a
and b), the study area comprised an extensive area of beach, which extended from the pre-drought (pre
2006) shore to the waterline, approximately 400 m north (Figure 8-1). Since March 2008, water level had
dropped slightly and a large proportion of the beach had been revegetated with grasses (Figure 8-1:
Figure 8-2). Only minor changes were noted in the study area between Sampling-a and Sampling-b. The
lake level had dropped from -0.80 m AHD in November 2009 (Sampling-a) to a low of -0.95 m AHD in
January 2010. However, by March 2010 (Sampling-b) the lake level had risen back to -0.80 m AHD
(MDBA 2011). In March 2010, the vegetation on the beach appeared slightly greener, healthier and more
widespread than it had in November 20009.
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(hy) - March 2008

I (a) - November 2009 |
|

| (b) - March 2010

(c) - January 2011

(d) - May 2011

| (e) - December 2011

| a (f) = June 2012

Figure 8-2 Site photographs. Refer to Figure 8-1 for the location and direction that photographs were taken, indicated by a (photographs were selected that best
depicted the environmental conditions at the study area during each sampling)
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8.2 Soils

Soils at Poltalloch generally comprised hyposulfidic and hypersulfidic sand. A summary of encountered
soils is provided below and site locations are presented in Figure 8-1. During earlier inspections of the
Poltalloch site, a section (approximately 50 m wide) of beach showed strong surface development
of sideronatrite, indicating acid production (Fitzpatrick et al. 2008b). No acidic conditions had developed
landward of this position. During Samplings-a/b, no sideronatrite was observed, probably having been
dissolved by rainfall, so a decision was made to concentrate on monitoring the more representative soils
towards Lake Alexandrina. Detailed profile descriptions are presented in Appendix 4 and Appendix 8.
Profile photographs are presented in Appendix 5.

LF06-A

During previous studies, when the study area was dry, profiles were collected at this site on three
occasions (Samplings-h,/a/b). The historic sampling encountered 8 cm of yellowish brown medium sand
covered by a thin greenish algal crust. This was underlain, to a depth of 15 cm, by dark grey sand with
few orange root channels. Between 15 and 20 cm was grey sand with diffuse black mottles and shell
fragments near base. This was underlain, to the maximum extent of investigation (32 cm) by grey sand
with diffuse black mottles and shell fragments. Sampling-a encountered 20 cm of loose pale brown sand
with few orange mottles associated with plant roots. Underlying this, to a depth of 45 cm, was pale
yellow grey sand with brown mottles associated with root channels and few small shell fragments. This
was underlain, to the maximum extent of investigation (80 cm) by grey sand with diffuse black mottles in
upper 10 cm and few shell fragments throughout. Sampling-b encountered 28 cm of pale brown sand
with diffuse pale reddish brown mottles associated with roots. Whole shells were noted on the surface
and shell fragments were present throughout the layer. Between 28 and 55 cm was pale brownish grey
sand with diffuse brown mottles and whole shells and shell fragments. This was underlain, to the
maximum extent of investigation (80 cm), by olive grey medium to coarse sand with light grey and
brown mottles. Many shell fragments and whole shells were present in the upper half of the layer.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 18 cm of dark grey sand with
20 to 30 % black mottles associated with roots and few shell fragments. Underlying this, to a depth of 35
cm, light olive brown sand some shell fragments throughout. This was underlain, to depths of 49 and 48
cm, by greyish brown sand with 5 % diffuse black mottles and commaon shell fragments. Underlying this,
to the maximum extent of investigation (61 and 83 cm), was grey sand becoming dark grey loamy sand
with depth. No shells were noted in these layers.

As part of this study, a push tube and UWS were used to collect subaqueous soil profiles (Samplings-e/f).
Sampling-e encountered 9 cm of dark greyish brown sand with diffuse black mottles and a few bivalve
shells. This was underlain, to a depth of 22 c¢cm, by greyish brown sand with a few shell fragments.
Underlying this, to a depth of 35 cm, was dark grey sand with diffuse black mottles and some bivalves.
This was underlain, to a depth of 55 cm, by grey sand with darker banding. Underlying this, to the
maximum extent of investigation (66 cm) was dark grey loamy sand. Sampling-f encountered 29 cm of
dark grey loamy sand with few fine shell fragments. This was underlain, to a depth of 45 cm, by greyish
brown sand with a few shell fragments. Underlying this, to a depth of 65 cm, was dark grey sand with
whole bivalves. Underlying this, to the maximum extent of investigation (83 cm) was dark grey loamy
sand with bivalves and shell fragments.

LF06-B

During previous studies, profiles were collected at this site on two separate sampling occasions
(Samplings-a/b). Sampling-a encountered 5 cm of black to grey layered sand, which was underlain, to a
depth of 25 cm, by brownish grey medium to coarse sand. From 25 to 45 cm was black clayey sand with
grey sandy mottles. Underlying this, to the maximum extent of investigation (60 cm) was grey sand with
few diffuse dark grey mottles and many small bivalves. Sampling-b encountered 10 cm of pale brown
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sand with some reddish brown layering. Between 10 and 35 cm was pale greyish brown sand with
distinct reddish brown mottles. This was underlain, to the maximum extent of investigation (50 cm), by
black sand with few small bivalves.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 14 and 12 cm of grey brown
sand with no shells. This was underlain, to depths of 25 and 19 cm, by black clayey sand with rare whole
shells. Underlying this, to depths of 60 and 47 cm, was grey loamy sand with common shell fragments
and whole bivalves. This was underlain, to the maximum extent of investigation (75 and 70 cm), by dark
grey heavy clay. A few shells were noted during Sampling-c but none were noted during Sampling-d.

As part of this study, a push tube and UWS were used to collect subaqueous soil profiles (Samplings-e/f).
The investigation encountered 9 to 10 cm of dark grey sand with a few shell fragments. This was
underlain, to depths of 35 to 37 cm, by dark grey to olive grey sandy loam with common shell fragments.
Underlying this, to the maximum extent of investigation (41 and 47 cm) was dark greenish grey heavy
clay.

8.3 Soil acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3. Acid-base
accounting and pH data (pHox, pHine & pHyw), for each soil layer, are presented in Figure 8-3. These
data were used to inform the acidification hazard assessment that is presented in Table 8-1.
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8.4 Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil sample
collected, according to the definitions and methods presented in Section 1.3 and Section 2.4 respectively.
A summary of acidification potential and ASS material classification is presented in Table 8-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil profile
collected. ASS subtype classification was achieved using the methods described in Appendix 2.
Acidification hazard assessment was based on: (i) landscape position (Figure 8-1), (ii) soil morphology
(Section 8.2), (iii) acid-base accounting (Figure 8-3), (iv) pH data (Figure 8-3), (v) acidification potential
(Table 8-1) and (vi) ASS material and subtype classification (Table 8-1). Acidification hazard categories
were: (i) very low, (ii) low, (iii) medium and (iv) high. A summary of ASS subtype classification and
acidification hazard for each profile collected between March 2008 and June 2012 is presented in Table
8-1.

Soil profiles at Poltalloch comprised hyposulfidic and hypersulfidic soil with low and very low
acidification hazard ratings (Table 8-1). Profiles collected nearest the shoreline (LF06-A; Figure 8-1)
were classified as hypersulfidic soil with very low and low acidification hazard ratings (Table 8-1). They
generally had low or negative net acidity and low to moderate levels of ANC. Above 45 cm, they had
very low and low acidification potential. Below 45 cm, they had medium to high acidification potential
(Figure 8-3; Table 8-1). ANC varied between samplings at site LF06-A because of the spatial variability
of shells and shell grit in the soil (Figure 8-3; Section 8.2). Reflooding, in September 2010, had no
discernible impact upon this soil material, which remained hypersulfidic with negative net acidity near
the surface and positive net acidity at depth (dominated by Scgr) (Table 8-2).

Profiles collected further into the lake (LFO06-B; Figure 8-1) were classified as hyposulfidic and
hypersulfidic soil with low acidification hazard ratings (Table 8-1). They generally had low or negative
net acidity, moderate levels of ANC, low acidity and very low and low acidification potential (Figure 8-3;
Table 8-1). Once again, reflooding had no discernible impact upon this soil material, which remained
hypersulfidic and hyposulfidic with negative net acidity near the surface and positive net acidity at depth
(dominated by Scg) (Table 8-2).

It should be noted that earlier inspections of the soil at Poltalloch found a section (approximately 50 m
wide) of beach with strong surface development of sideronatrite, indicating acid production (Fitzpatrick
et al. 2008b). This was not present during Samplings-a/b, probably having been dissolved by rainfall.
Hence, a decision was made to concentrate on monitoring the more representative soils towards Lake
Alexandrina. It was believed that the profiles sampled and the acidification hazard assessment carried out
were generally representative of the majority of the study area.

Overall, soil at Poltalloch was considered to pose a low acidification hazard.
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Table 8-1 Summary of acidification potential, ASS material classification, ASS subtype classification and
acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

. Depth pHox pHine NA Acidification ASS material ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential classification classification hazard
LFO6-A
PO 4.1 hy 0-8 0 0 0 0 Sand
PO 4.2 hy 8-15 0 0 0 0 Sand .
PO 4.3 hy 15-20 0 0 0 0 sand Soil (sand) very Low
PO 4.4 hy 20-32 0 0 0 0 Sand
LFa06-A.1 a 0-20 0 0 1 1 Hyposulfidic sand Hypersulfidic
LFa06-A.2 a 20-45 0 0 0 0 Hyposulfidic sand g’g” (cand) Low
LFa06-A.3 a 45-80 0 1 1 2 Hypersulfidic sand
LFb06-A.1 b 0-28 0 0 0 0 Hyposulfidic sand Hypersulfidic
LFb06-A.2 b 28-55 0 0 0 0 Hyposulfidic sand g’g’” (and) Low
LFb06-A.3 b 45-80 1 1 1 3 Hypersulfidic sand
LFc06-A.1 c 0-18 0 0 0 0 sand Hypersulfidic
LFc06-A.2 c 18-35 0 0 0 0 sand s Low
LFc06-A.3 c 35-49 1 1 1 3 Hypersulfidic sand Soil ((:lsand)
LFc06-A.4 c 49-61 0 1 1 2 Hypersulfidic sand
LFd06-A.1 d 0-18 0 0 0 0 Sand
LFd06-A.2 d 18-35 0 0 0 0 Sand Hypersulfidic
LFd06-A.3 d 35-48 0 0 0 0 Hyposulfidic sand subaqueous Low
LFd06-A.4 d 48-59 1 1 1 3 Hypersulfidic sand soil (sand)
LFd06-A.5 d 59-83 1 1 1 3 Hypersulfidic loamy sand
LFe06-A.1 e 0-9 0 0 0 0 Hyposulfidic sand
LFe06-A.2 e 9-22 0 0 0 0 Hyposulfidic sand Hypersulfidic
LFe06-A.3 e 22-35 1 1 1 3 Hypersufilidic sand subaqueous Medium
LFe06-A.4 e 35-55 1 1 1 3 Hypersufilidic sand soil (sand)
LFe06-A.5 e 55-66 1 1 1 3 Hypersufilidic loamy sand
LFf06-A.1 f 0-29 0 0 1 1 Hyposulfidic loamy sand Hypersulfidic
LFf06-A.2 f 29-45 0 0 0 0 Hyposulfidic sand szga P Low
LFf06-A.3 f 45-65 0 0 1 1 Hyposulfidic sand soil ?sand)
LFf06-A.4 f 65-83 1 1 1 3 Hypersufilidic loamy sand
LF06-B
LFa06-B.1 a 0-5 0 0 0 0 Hyposulfidic sand
LFa06-B.2 a 5-25 0 0 0 0 Hyposulfidic sand Hypersulfidic Low
LFa06-B.3 a 25-45 0 0 1 1 Hyposulfidic sand soil (sand)
LFa06-B.4 a 45-60 0 1 0 1 Hypersulfidic sand
LFb06-B.1 b 0-10 0 0 0 0 Hyposulfidic sand Hyposulfidic
LFb06-B.2 b 10-35 0 0 0 0 Hyposulfidic sand S{)ﬁ (sand) Low
LFb06-B.3 b 35-50 0 0 1 1 Hyposulfidic sand
LFc06-B.1 c 0-14 1 0 0 1 sand Hyposulfidic
LFc06-B.2 c 14-25 0 0 0 0 Hyposulfidic clayey sand suyl?a ueous Low
LFc06-B.3 c 25-60 0 0 0 0 Hyposulfidic loamy sand soil ?sand)
LFc06-B.4 c 60-75 0 1 1 2 Hypersulfidic clay
LFd06-B.1 d 0-12 0 0 0 0 Sand Hyposulfidic
LFd06-B.2 d 12-19 0 0 0 0 Hyposulfidic loamy sand Sj’t"’a o Low
LFd06-B.3 d 19-47 0 0 0 0 Hyposulfidic sandy loam soil ?sand)
LFd06-B.4 d 47-70 1 0 1 2 Hyposulfidic clay
LFe06-B.1 e 0-10 0 0 0 0 Hyposulfidic sand Hypersulfidic
LFe06-B.2 e 10-35 0 0 0 0 Hyposulfidic sandy loam subaqueous Low
LFe06-B.3 e 35-47 1 1 1 3 Hypersufilidic heavy clay soil (sand)
LFf06-B.1 f 0-9 0 0 1 1 Hyposulfidic sand Hyposulfidic
LFf06-B.2 f 9-19 0 0 1 1 Hyposulfidic loamy sand subaqueous Low
LFf06-B.3 f 19-37 0 0 0 0 Hyposulfidic sandy loam soil (sand)
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Table 8-2 Summary of temporal and spatial variations and changes in ASS subtypes at each site (A and B). Note: (i) Cells shaded orange summarise data presented within this report, (ii) all other cells are based on/extrapolated from data presented in Fitzpatrick et al.
(2008a; 2008b; 2009b; 2008c) and (iii) cells bordered in blue indicate subaqueous

Post-drought

Post-drought

Drought Drought Drought Post-drought Post-drought ey SR
Poltalloch Sites End summer 2008 End winter 2009 End summer 2010 Summer 2011 Winter 2011 Summary
(hy) @ (b) © ) 2011/12 2011/12
(e) ®

Classification & q - A Hypersulfidic Hypersulfidic Hypersulfidic Hypersulfidic
LFO6-A ?Acid hazard el (L) “ifperenliie (L) “ifperenliie (L) subaqueous (L) subaqueous (L) subaqueous (M) subaqueous (M) During the extreme drought period (2007 to 2009) and partial drying of the lake soil material generally remained

zgglgs)néevgzter and LW LW & Sulfide LW & Sulfide RW & Sulfide UW & Sulfide UW & Sulfide UW & Sulfide Hypersulfidic. Inundation, following winter 2010, caused the formation of Hypersulfidic subaqueous soil

Classification & Hyposulfidic - - Hyposulfidic Hyposulfidic Hypersulfidic Hyposulfidic . . . . - .

2pcid hazard subaqueous (L) Hypersulfidic (L) Hyposulfidic (L) subaqueous (L) subaqueous (L) subaqueous (L) subaqueous (L) During the extreme drpu_ght period (2_0(_)7 to_2009) the_ partial drylng qf the lake caused Hyposulfldlp subaqueous S_O_I| to
LF06-B Dominant water and transform to Hyposulfidic / Hypersulfidic soil. Inundation, following winter 2010, caused the formation of Hyposulfidic and

ASS process UW & Sulfide LW & Sulfide LW & Sulfide RW & Sulfide UW & Sulfide UW & Sulfide UW & Sulfide Hypersulfidic subaqueous soil

Classification — Acid Sulfate Soil subtype classification

Dominant ASS — process

2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low

Dominant Water process

LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation

UW - Unchanged water regime, which had not yet evaporated to expose soil to air

RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping, regulator
installation, river flow and groundwater)

Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions to
form sulfuric material

Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)

Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material

Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material

Leach — Leaching of acid from soil by winter rain fall

RF — Rain fall rewetting and natural reflooding to inundate and saturate soils

Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia

Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default
Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red
Where h; to hz = historical sampling; (a) — (b) sampling conducted in this project
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9. LFO7 - WALTOWA

Summary

Overall, soil at Waltowa was considered to pose a medium acidification hazard.

During drought conditions, profiles collected closest to the shoreline were classified as sulfuric soil with
high acidification hazard ratings. Following reflooding, in October 2010, These profiles transformed
from sulfuric to hypersulfidic subaqueous soils. Although acidity was low in surface sands, they still
posed a medium to high acidification hazard because of very limited buffering capacity. The change in
soil chemistry was restricted to the top 20 cm of overlying sand, where inundation had promoted reducing
conditions and bacterial reduction of sulfate. Relatively low levels of acidity in the upper 20 cm had
transformed from TAA to Scg. The underlying soil material remained relatively unchanged with high
levels of Scg dominating the profile.

Profiles collected further into the lake were generally classified as hyposulfidic soil with very low
acidification hazard ratings. Reflooding had no discernible impact upon this site, with soil material
remaining predominantly hyposulfidic and acidity being dominated by Scg .
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9.1 Background

Study area LFO7 was located at the north eastern extent of Lake Albert, on Waltowa Beach (Figure 1-1).
As part of this study, sampling was carried out in December 2011 and June 2012 (Samplings-e/f).
Previous samplings were undertaken in May and June 2011 (Sampling-d), January and February 2011
(Sampling-c), March 2010 (Sampling-b) and November 2009 (Sampling-a). Additionally, data from
historic sampling (Samplings-h,/h,), carried out in February and October 2008, were reassessed as part of
this study. Sampling site locations are displayed in Figure 9-1.

351200 351400 351600 351800 352000 352200 352400 352600 352800 353000 353200 353400
L L

LFO7 - Waltowa T

£059600
£059600

6059400
6053400
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6053000 C059200

£055800

£058600
C058600

£058400
6058400

351200 331400 351600 351800 352000 352200 352400 352600 352800 353000 353200 353400

Figure 9-1 Sample location map. Aerial photograph taken in March 2008 (Orange line: sampling-a water
level, Yellow line: sampling-b, Blue line: sampling-c, d, e & f water level). Red line indicates cross section
presented in Section 22.6

At the time of Sampling-c/d/e, the lake level had risen to approximately 0.6 m AHD and the study area
had been completely re-flooded (Figure 9-1: Figure 9-2). In March and October 2008, the study area
comprised an extensive area of unvegetated beach, which extended from the pre-drought (pre 2006) shore
to the waterline, approximately 200 m south west (Figure 9-1) (Figure 9-2). Since October 2008, a large
proportion of the beach had been revegetated with grasses (Figure 9-1: Figure 9-2). The lake level had
dropped from -0.45 m AHD in November 2009 (Sampling-a) to a low of -0.78 m AHD in March 2010
(Sampling-b) (MDBA 2011), which exposed a large area of soft, muddy lake bed (Figure 9-2).
Vegetation on the beach appeared stressed, presumably due to heat and a lack of water.
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Figure 9-2 Site photographs. Refer to Figure 9-1 for the location and direction that photographs were taken, indicated by a or B (photographs were selected that best
depicted the environmental conditions at the study area during each sampling)
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9.2 Soils

Soils at Waltowa generally comprised sulfuric and hypersulfidic sands and clays at site LFO7-A and
hypersulfidic and hyposulfidic sand and clay at site LFO7-B. A summary of encountered soils is provided
below and site locations are presented in Figure 9-1. Detailed profile descriptions are presented in
Appendix 4 and Appendix 8. Profile photographs are presented in Appendix 5.

LFO7-A

During previous studies, when the study area was dry, profiles were collected at this site on three
occasions (Samplings-h,/a/b). The historic sampling encountered 5 cm of yellowish brown loose sand,
which overlay pale grey sand that was present to a depth of 25 cm. From 25 to 40 cm was grey loamy
sand. Samplings-a/b both encountered 2 cm of brown medium clay, which overlay pale grey sand with
few orange mottles that was present to a depth of 35 cm. This was underlain, to a depth of 50 cm, by
dark grey fine sandy clay loam with light brown mottles around roots. Between 50 and 70 cm was dark
grey light medium clay with sapric bands and few fine shells. This was underlain, to the maximum extent
of investigation (80 cm), by olive grey light medium clay.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 3 and 5 cm of black fibric
sand, that was underlain, to depths of 25 and 18 cm, by grey banded sand and sandy loam. This was
underlain, to depths of 40 and 50 cm, by grey sandy clay with lenses of black fibric material and few
shells. Underlying this, to depths of 55 and 69 cm, was greenish grey loamy clay. Sampling-c
encountered dark grey clay with lenses of sand to a depth of 70 cm. Sampling-d encountered greenish
grey heavy clay with common fine calcareous nodules to a depth of 76 cm.

As part of this study, a push tube and UWS were used to collect subaqueous soil profiles (Samplings-e/f).
The investigation encountered 8 to 12 cm of organic clay overlying loamy fine sand. This was underlain,
to depths of 18 and 22 cm, by grey loamy fine sand with black mottles and fine roots. Underlying this, to
depths of 38 and 48 cm, was very dark grey fine loamy sand to sandy clay. This was underlain, to depths
of 62 to 66 cm, by dark grey to olive grey heavy clay. Underlying this, to the maximum extent of
investigation (68 to 84 cm), was dark greenish grey heavy clay with carbonate mottles.

LFO7-B

During previous studies, when the study area was dry, profiles were collected at this site on three
occasions (Samplings-h,/a/b). The historic sampling encountered 3 cm of yellowish sand with orange
and black mottles, which overlay light grey sandy clay with few black mottles that was present to a depth
of 40 cm. This was underlain, to the maximum extent of investigation (50 cm), by very dark grey sandy
clay. Samplings-a/b both encountered 1 cm of brown medium clay, which overlay yellowish grey to grey
sand with orange brown mottles that was present to a depth of 35 cm. This was underlain, to a depth of
45 cm, by grey to dark grey sand with few brown mottles associated with root channels. This was
underlain, to the maximum extent of investigation (60 cm), by saturated dark grey to bluish grey sapric
sandy clay.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 3 and 10 cm of black fibric
sand, that was underlain, to a depth of 30 cm, by grey to olive grey banded sand and sandy loam.
Underlying this, to a depth of 40 cm, Sampling-c encountered very dark bluish grey clayey sand. This
was underlain, to the maximum extent of investigation (57 cm), by dark greenish grey clay with sandy
grey lenses. Sampling-d encountered dark grey light clay between 37 and 53 cm. This was underlain, to
a depth of 62 cm, by greenish grey heavy clay. This was underlain, to the maximum extent of
investigation (70 cm), by greenish grey heavy clay with common calcareous grit.

As part of this study, a push tube and UWS were used to collect subaqueous soil profiles (Samplings-e/f).
The investigations encountered 32 to 36 cm of oxidised sand (1 cm) over black and greyish brown sand
with root channels. This was underlain, to depths of 50 to 59 cm, by dark grey medium to heavy clay
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with organic material near base. Underlying this, to the maximum extent of investigation (61 to 76 cm),
was grey heavy clay and carbonate gravel in Sampling-f.

9.3 Soil acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3. Acid-base
accounting and pH data (pHox, pHinc & pHyw), for each soil layer, are presented in Figure 9-3. These
data were used to inform the acidification hazard assessment that is presented in Table 9-1.
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Figure 9-3 pH and acid-base accounting data plotted against depth for each profile collected
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9.4 Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil sample
collected, according to the definitions and methods presented in Section 1.3 and Section 2.4 respectively.
A summary of acidification potential and ASS material classification is presented in Table 9-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil profile
collected. ASS subtype classification was achieved using the methods described in Appendix 2.
Acidification hazard assessment was based on: (i) landscape position (Figure 9-1), (ii) soil morphology
(Section 9.2), (iii) acid-base accounting (Figure 9-3), (iv) pH data (Figure 9-3), (v) acidification potential
(Table 9-1) and (vi) ASS material and subtype classification (Table 9-1). Acidification hazard categories
were: (i) very low, (ii) low, (iii) medium and (iv) high. A summary of ASS subtype classification and
acidification hazard for each profile collected between February 2008 and June 2012 is presented in Table
9-1.

Soil profiles at Waltowa comprised sulfuric, hypersulfidic and hyposulfidic soil with very low to high
acidification hazard ratings (Table 9-1). During drought conditions, profiles collected closest to the
shoreline (LFO7-A; Figure 9-1) were classified as sulfuric soil with high acidification hazard ratings
(Table 9-1). Following reflooding, in October 2010, these profiles transformed from sulfuric to
hypersulfidic subaqueous soils (Table 9-2). Although acidity was low in surface sands, they still posed a
medium to high acidification hazard because of very limited buffering capacity. The change in soil
chemistry was restricted to the top 20 cm of overlying sand, where inundation had promoted reducing
conditions and bacterial reduction of sulfate. Following reflooding, the relatively low levels of acidity in
the upper 20 cm had transformed from TAA to Scr (Figure 9-3). The underlying soil material remained
relatively unchanged with high levels of Scgr dominating the profile (Figure 9-3).

Profiles collected further into the lake (LFO7-B; Figure 9-1) were generally classified as hyposulfidic soil
with very low to low acidification hazard ratings (Table 9-1). They generally had negative net acidity,
high levels of ANC, low acidity and very low and low acidification potential (Figure 9-3; Table 9-1).
During Samplings-d & e, hypersulfidic dark grey clay was encountered between 32 and 53 cm.
Additionally, no ANC was encountered within the profile during Sampling-C. These differences relate to
the spatial variability of the sediments at this site, as discussed in Section 9.2. With these exceptions,
there were no significant temporal variations noted at this site (Table 9-2). Reflooding had no discernible
impact upon this site, with soil material remaining predominantly hyposulfidic and acidity being
dominated by Scr (Figure 9-3).

Overall, soil at Waltowa was considered to pose a medium acidification hazard.
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Table 9-1 Summary of acidification potential, ASS material classification, ASS subtype classification and
acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

. Depth pHox PHine NA Acidification . I ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential ASS material classification classification hazard
LFO7-A
AT 12.1 hy 0-5 0 0 0 0 Sand
AT 12.2 hy 5-25 1 1 0 2* Sulfuric sand Sulfuric soil High
AT 12.3 hy 25-40 1 1 1 3 Hypersulfidic loamy sand (sand) 9
AT 12.4 hy 40-70 1 1 1 3 Hypersulfidic sand
LFa07-A.2 a 2-35 1 1 1 3* Sulfuric sand
LFa07-A.3 a 35-50 1 1 1 3 Hypersulfidic sandy clay loam Sulfuric clay High
LFa07-A.4 a 50-70 1 1 1 3 Hypersulfidic medium clay soil (clay) 9
LFa07-A.5 a 70-80 1 1 1 3 Hypersulfidic medium clay
LFb07-A.2 b 2-35 1 0 1 2* Sulfuric sand
LFb07-A.3 b 35-50 1 1 1 3 Hypersulfidic sandy clay loam Sulfuric clay High
LFb0O7-A.4 b 50-70 1 1 1 3 Hypersulfidic medium clay soil (clay) 9
LFb07-A.5 b 70-80 1 1 1 3 Hypersulfidic medium clay
LFc07-A.1 c 0-25 1 1 1 3 Hypersulfidic sand -
LFc07-A.2 c 25-40 0 1 1 2 Hypersulfidic sandy clay loam Zzggriﬂgﬂgz High
LFc07-A.3 c 40-55 1 1 1 3 Hypersulfidic silty clay da sgil (clay) 9
LFc07-A.4 c 55-70 1 1 1 3 Hypersulfidic silty clay 4 Y.
LFd0O7-A.1 d 0-18 0 0 1 1 Hyposulfidic sandy loam Hypersulfidic
LFd07-A.2 d 18-50 1 1 1 3 Hypersulfidic loamy clay szga Ueous Medium
LFd07-A.3 d 50-69 0 0 1 1 Hyposulfidic loamy clay cla Sg” (clay)
LFd07-A.4 d 69-76 0 0 0 0 Hyposulfidic calcareous clay 4 Y.
LFe07-A.1 e 0-12 0 1 1 2 Hypersufilidic organic clay Hypersulfidic
LFe07-A.2 e 12-22 1 1 1 3 Hypersufilidic loamy sand szga ueous Medium
LFe07-A.3 e 22-48 0 1 1 2 Hypersufilidic sandy clay cla sgil (clay)
LFe07-A5 e 66-68 1 0 1 2 Hyposulfidic heavy clay Y Y.
LFf07-A.1 f 0-8 0 1 1 2 Hypersufilidic loamy sand
LFf07-A.2 f 8-18 0 1 1 2 Hypersufilidic loamy sand Hypersulfidic
LFf07-A.3 f 18-38 1 1 1 3 Hypersufilidic loamy sand subaqueous Medium
LFf07-A.4 f 38-62 1 1 1 3 Hypersufilidic heavy clay clay soil (clay)
LFf07-A.5 f 62-84 1 1 1 3 Hypersufilidic heavy clay
LFO07-B
Wi1s 1.1 h, 0-3 0 0 0 0 Sand Hyposulfidic
W1S 1.2 h, 3-40 0 0 0 0 Sandy clay Claypson (dlay) Very Low
W1s 1.3 h, 40-50 0 0 0 0 Hyposulfidic medium clay 4 Y.
LFa07-B.2 a 1-35 0 0 0 0 Hyposulfidic sand Hyposulfidic
LFa07-B.3 a 35-45 0 0 0 0 Hyposulfidic sand claypsoil (sand) Very Low
LFa07-B.4 a 45-60 0 0 0 0 Hyposulfidic sandy clay 4
LFb07-B.2 b 1-35 0 0 1 1 Hyposulfidic sand Hyposulfidic
LFbO7-B.3 b 35-45 0 0 0 0 Hyposulfidic sand claypsoil (sand) Very Low
LFb07-B.4 b 45-60 0 0 0 0 Hyposulfidic sandy clay 4
LFc07-B.1 c 0-30 0 1 0 1 sand Hyposulfidic
LFc07-B.2 c 30-40 0 0 1 1 Hyposulfidic clayey sand subaqueous Very Low
LFc07-B.3 c 40-57 1 0 1 2 Hyposulfidic clay soil (sand)
LFd07-B.1 d 0-30 0 0 0 0 Hyposulfidic loamy sand
LFd07-B.2 d 30-37 0 0 0 0 Hyposulfidic loam Hypersulfidic
LFd07-B.3 d 37-53 1 1 1 3 Hypersulfidic clay subaqueous Low
LFd07-B.4 d 53-62 0 0 1 1 Hyposulfidic clay clay soil (clay)
LFd07-B.5 d 62-70 0 0 0 0 Hyposulfidic clay
LFe07-B.1 e 0-25 0 0 1 1 Hyposulfidic sand
LFe07-B.2 e 25-32 0 0 1 1 Hyposulfidic sandy loam Hypersulfidic
LFe07-B.3 e 32-50 1 1 1 3 Hypersufilidic heavy clay subaqueous Low
LFe07-B.4 e 50-58 0 0 1 1 Hyposulfidic heavy clay clay soil (clay)
LFe07-B.5 e 58-61 0 0 0 0 Hyposulfidic heavy clay
LFf07-B.1 f 0-12 0 1 1 2 Hypersufilidic sand Hypersulfidic
LFf07-B.2 f 12-36 0 0 1 1 Hyposulfidic loamy sand Sﬁga . Low
LFf07-B.3 f 36-59 0 0 0 0 Hyposulfidic loamy clay cla Sg” (clay)
LFf07-B.4 f 59-76 1 1 1 3 Hypersufilidic heavy clay Y Y.
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Table 9-2 Summary of temporal and spatial variations and changes in ASS subtypes at each site (A and B). Note: (i) Cells shaded orange summarise data presented within this report, (ii) all other cells are based on/extrapolated from data presented in Fitzpatrick et al.
(2008a; 2008b; 2009b; 2008c) and (iii) cells bordered in blue indicate subaqueous

Post-drought

Post-drought

Waltowa Drought Drought Drought Drought Post drought Post drought el — o i
. Summer 2008 End winter 2008 End winter 2009 End summer 2010 Summer 2011 Winter 2011 Summary
Sites 2011/12 2011/12
(hs) (h2) @ (b) © (@) © )

Classification & q . . q Hypersulfidic Hypersulfidic Hypersulfidic Hypersulfidic ' . . )

2 cid hazard Sulfuric (H) Sulfuric (H) Sulfuric clay (H) Sulfuric clay (H) subaqueous clay (H) subaqueous clay (M) subaqueous clay (M) subaqueous clay (M) Durlng the extreme drogght period (2007 to 20_09) the par_ual drying ‘of the Iakg cauged
LFO7-A Dominant water and Sulfuric subaqueous soil to transform to Sulfuric (clay) soil. Inundation, following winter 2010,

ASS process UW & Sulfide LW & Sulfide LW & Sulfide LW & Sulfide RW & Sulfide UW & Sulfide UW & Sulfide UW & Sulfide caused the formation of Hypersulfidic subaqueous soil.

Classification & Hyposulfidic clay Hyposulfidic clay Hyposulfidic clay Hyposulfidic clay Hyposulfidic Hypersulfidic Hypersulfidic Hypersulfidic . . . .

?Acid hazard (VL) (VL) (VL) (VL) subaqueous (VL) subaqueous clay (L) subaqueous clay (L) subaqueous clay (L) During th_e_extreme drought perlo_d (2007 to 2009) the Pa"'?" _drylng of _the lake ca_lused )
LFO7-B Dominant water and Hyposulfidic subaqueous clay soil to transform to Hyposulfidic clay soil. Inundation, following

: W LW & Sulfide LW & Sulfide LW & Sulfide RW & Sulfide UW & Sulfide UW & Sulfide UW & Sulfide winter 2010, caused the formation of Hypersulfidic and Hyposulfidic subaqueous soil.

UW & Sulfide

ASS process

Classification — Acid Sulfate Soil subtype classification
2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low
Dominant Water process

LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation

UW - Unchanged water regime, which had not yet evaporated to expose soil to air

RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping, regulator

installation, river flow and groundwater)
RF — Rain fall rewetting and natural reflooding to inundate and saturate soils

Dominant ASS — process
Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions to
form sulfuric material

Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)

Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material
Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material
Leach — Leaching of acid from soil by winter rain fall
Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default
Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red
Where h; to hz = historical sampling; (a) — (b) sampling conducted in this project

68 Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia




LFO8 — MENINGIE

10. LFO8 - MENINGIE

Summary

Overall, soil at Meningie was considered to pose a medium acidification hazard.

Soil profiles at Meningie generally comprised hypersulfidic soil with medium acidification hazard
ratings. During the extreme drought period (2007 to 2009), partial drying of the lake caused
hypersulfidic subaqueous soil to transform to hypersulfidic clay soil. Inundation, following winter 2010,
caused the formation of hypersulfidic subaqueous clay soil. Reflooding had no significant impact upon
this site, acidity was dominated by Scg and soil material remained hyposulfidic and hypersulfidic with
medium acidification hazard ratings.
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10.1Background

Study area LFO8 was located west of the Meningie jetty in Lake Albert (Figure 1-1). As part of this
study, sampling was carried out in December 2011 and June 2012 (Samplings-e/f). Previous samplings
were undertaken in May and June 2011 (Sampling-d), January and February 2011 (Sampling-c), March
2010 (Sampling-b) and November 2009 (Sampling-a). Additionally, data from historic sampling
(Samplings-hy/h,), carried out in July 2007 and February 2008, were reassessed as part of this study.
Sampling site locations are displayed in Figure 10-1.
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Figure 10-1 Sample location map. Aerial photograph taken in March 2008 (Orange line: sampling-a
water level, Yellow line: sampling-b, Blue line: sampling-c, d, e & f water level)

At the time of Sampling-c/d/e, the lake level had risen to approximately 0.6 m AHD and the study area
had been completely re-flooded (Figure 10-1: Figure 10-2). Prior to this, at the time of the first historic
sampling in January 2007 (Sampling-h,), the lake level was at pre-drought levels and the study area was
subaqueous (Figure 10-2). By the time of the second historic sampling (Sampling-h,) in February 2008,
lake levels had dropped and the study area comprised a beach, which extended from the pre-drought (pre
2006) shore to the waterline, approximately 150 m north (Figure 10-1: Figure 10-2). By November 2009
(Sampling-a), the beach had been partially revegetated (Figure 10-2). Subsequently, the lake level
dropped further from -0.45 m AHD in November 2009 (Sampling-a) to a low of -0.78 m AHD in March
2010 (Sampling-b) (MDBA 2011), which exposed a large area of lake bed (Figure 10-2). Vegetation on
the beach appeared stressed and in some areas had been buried by windblown sand.
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{hy) - February 2008

(b} - March 2010

i B (c)- Januazﬂﬂ

Figure 10-2 Site photographs. Refer to Figure 10-1 for the location and direction that photographs were taken, indicated by a or 8 (photographs were selected that best
depicted the environmental conditions at the study area during each sampling)
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10.2Soils

Soils at Meningie generally comprised a mixture of hyposulfidic and hypersulfidic sands and clay. A
summary of encountered soils is provided below and site locations are presented in Figure 10-1. Detailed
profile descriptions are presented in Appendix 4 and Appendix 8. Profile photographs are presented in
Appendix 5.

LF08-A

During previous studies, when the study area was dry, profiles were collected at this site on three
occasions (Samplings-hy/a/b). The historic sampling was subaqueous and was achieved with a gouge
auger. It encountered 5 cm of yellowish grey sand. This was underlain, to a depth of 10 cm, by greyish
yellow sand with diffuse orange mottles. Between 10 and 30 cm was pale brownish grey sand.
Underlying this, to a depth of 60 cm, was grey clayey sand with common small shells. This was
underlain, to the maximum extent of investigation (70 cm), by very dark grey to black heavy clay with
few small shells. Sampling-a encountered 8 cm of pale yellow brown sand with grey and orange mottles.
Underlying this, to a depth of 18 cm, was grey to pale brownish grey sand with dark grey and orange
mottles. Between 18 and 25 cm was grey sand with black mottles and shell fragments. Underlying this,
to a depth of 50 cm, was dark grey medium clay with many phragmites roots and small gastropods. This
was underlain, to the maximum extent of investigation (60 cm), by greenish grey medium clay with
coarse phragmites roots. Sampling-b encountered 18 cm of light brown sand with common brown and
red mottles and few diffuse grey mottles. This was underlain, to a depth of 28 cm, by grey sand with few
red brown mottles associated with roots. Between 28 and 45 cm was dark olive grey light medium clay
with common coarse plant fragments and shell grit below 40 cm. This was underlain, to the maximum
extent of investigation (60 cm), by dark green grey heavy clay with few fine relic roots.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 12 cm of olive brown to grey
brown sand with few diffuse brown mottles. Underlying this, to depths of 28 and 21 cm, was grey loamy
sand with darker grey clayey bands and a few shells noted in Sampling-c. This was underlain, to depths
of 60 and 33 cm, by very dark grey and olive grey organic clay with common shells and shell fragments
and remnant roots. Underlying this, to the maximum extent of investigation (78 and 60 cm), was dark
green grey heavy clay.

As part of this study, a UWS and push tube were used to collect subaqueous soil profiles (Samplings-e/f).
The investigations encountered 8 cm of black sand to loamy sand, which overlay dark grey sand to loamy
sand to depths of 26 and 32 cm. This was underlain, to depths of 43 to 52 cm, by very dark grey heavy
clay with common fine shells and decomposing organic matter. Sampling-e encountered dark greenish
grey heavy clay a depth of 58 cm. This was underlain, to the maximum extent of investigation (60 cm),
by dark grey sand. Sampling-f encountered dark grey heavy clay to the maximum extent of investigation
(86 cm).

LF08-B

During previous studies, when the study area was dry, profiles were collected at this site on three
occasions (Sampling-hy/a/b). The historic sampling encountered 1 c¢cm of loose yellow grey sand
overlying brownish grey sand to a depth of 10 cm. Between 10 and 20 cm dark grey sandy clay was
encountered. This was underlain, to the maximum extent of investigation (30 cm), by blueish grey heavy
clay. Sampling-a encountered 10 cm of grey sand with black mottles with a brown algal surface crust (<
5 mm). Underlying this, to a depth of 20 cm, was yellow grey sand with orange mottles. Between 20 and
35 cm were grey and dark grey sand bands. This was underlain, to the maximum extent of investigation
(55 cm), by greenish olive grey medium clay with sand filling planar cracks or voids. Sampling-b
encountered 25 cm of light brown sand with few small red brown mottles. This was underlain, to a depth
of 32 cm, by very dark grey sand with large black mottles. Between 32 and 45 cm was dark grey light
sandy clay. This was underlain, to the maximum extent of investigation (55 cm), by greenish olive grey
light medium clay.
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When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 20 and 16 cm of black to
greyish brown sand with few small shells. This was underlain, to depths of 33 and 23 cm, by black sandy
clay and loamy sand. This was underlain, to the maximum extent of investigation (65 and 56 cm), by
dark greenish grey light medium clay.

As part of this study, a UWS and push tube were used to collect subaqueous soil profiles (Samplings-e/f).
The investigations encountered 20 to 23 cm of very dark grey sand to loamy sand. This was underlain, to
a depth of 30 cm, by black loamy sand. Underlying this, to depths of 35 to 37 cm, was very dark grey
heavy clay. This was underlain, to the maximum extent of investigation (70 to 77 cm), by dark grey
heavy clay.

10.3So0il acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3. Acid-base
accounting and pH data (pHox, pHine & pHw), for each soil layer, are presented in Figure 10-3. These
data were used to inform the acidification hazard assessment that is presented in Table 10-1.
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Figure 10-3 pH and acid-base accounting data plotted against depth for each profile collected
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10.4Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil sample
collected, according to the definitions and methods presented in Section 1.3 and Section 2.4 respectively.
A summary of acidification potential and ASS material classification is presented in Table 10-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil profile
collected. ASS subtype classification was achieved using the methods described in Appendix 2.
Acidification hazard assessment was based on: (i) landscape position (Figure 10-1), (ii) soil morphology
(Section 10.2), (iii) acid-base accounting (Figure 10-3), (iv) pH data (Figure 10-3), (v) acidification
potential (Table 10-1) and (vi) ASS material and subtype classification (Table 10-1). Acidification
hazard categories were: (i) very low, (ii) low, (iii) medium and (iv) high. A summary of ASS subtype
classification and acidification hazard for each profile collected between July 2007 and June 2012 is
presented in Table 10-1.

Soil profiles at Meningie generally comprised hypersulfidic soil with medium acidification hazard ratings
(Table 10-1). During the extreme drought period (2007 to 2009), partial drying of the lake caused
hypersulfidic subaqueous soil to transform to hypersulfidic clay soil. Inundation, following winter 2010,
caused the formation of hypersulfidic subaqueous clay soil.

Profiles collected closest to the shoreline (LF08-A; Figure 10-1) were classified as hypersulfidic soil with
medium acidification hazard ratings (Table 10-1). Above 30 cm, they generally had slightly positive net
acidity, little ANC and Scr and very low to medium acidification potential (Figure 10-3; Table 10-1).
Below 30 cm, profiles had higher net acidity, high ANC and Scr and low to high acidification potential
(Figure 10-3; Table 10-1). Reflooding had no significant impact upon this site, acidity was dominated by
Scr and soil material remained hyposulfidic and hypersulfidic with medium acidification hazard ratings
(Table 10-2).

Profiles collected further into the lake (LF08-B; Figure 10-1) were classified as hyposulfidic and
hypersulfidic soil with low and medium acidification hazard ratings (Table 10-1). Above 35 to 45 cm,
they generally had negative net acidity, moderate ANC, low Scr and very low to low acidification
potential (Figure 10-3; Table 10-1). Below 35 to 45 cm, profiles had high net acidity, low ANC, high Scgr
and medium to high acidification potential (Figure 10-3; Table 10-1). Reflooding had no discernible
impact upon this site, acidity was dominated by Scr and soil material remained hyposulfidic and
hypersulfidic with medium acidification hazard ratings (Table 10-2).

Overall, soil at Meningie was considered to pose a medium acidification hazard.
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Table 10-1 Summary of acidification potential, ASS material classification, ASS subtype classification and
acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

. Depth pHox PHine NA Acidification ASS material ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential classification classification hazard
LFO8-A
AT 4.1 hy 0-5 0 0 0 0 Sand
AT 4.2 hy 5-10 0 0 1 1 Hyposulfidic sand Hypersulfidic
AT 4.3 hy 10-30 1 1 0 2 Hypersulfidic sand subaqueous soil Medium
AT 4.4 hy 30-60 1 0 1 2 Hyposulfidic clayey sand (sand)
AT 4.5 hy 60-70 1 0 1 2 Hyposulfidic heavy clay
LFa08-A.1 a 0-8 0 0 0 0 Hyposulfidic sand
LFa08-A.2 a 8-18 0 1 1 2 Hypersulfidic sand -
LFa08-A.3 a 18-25 0 1 1 2 Hypersulfidic sand c'ﬂg"igi”('ﬂg\'% Medium
LFa08-A.4 a 25-50 0 0 1 1 Hyposulfidic medium clay 4 Y.
LFa08-A.5 a 50-60 1 1 1 3 Hypersulfidic medium clay
LFb08-A.1 b 0-18 0 0 1 1 Hyposulfidic sand
LFb08-A.2 b 18-28 0 1 1 2 Hypersulfidic sand Hypersulfidic Medium
LFb08-A.3 b 28-45 0 0 1 1 Hyposulfidic medium clay clay soil (clay)
LFb08-A.4 b 45-60 0 0 1 1 Hyposulfidic heavy clay
LFc08-A.1 c 0-12 0 0 0 0 sand Hypersulfidic
LFc08-A.2 c 12-28 1 0 1 2 Hyposulfidic sand Sub{;pueous o Vedium
LFc08-A.3 c 28-60 0 0 1 1 Hyposulfidic clay Sg“ (day) 4
LFc08-A.4 c 60-78 0 1 1 2 Hypersulfidic clay Y.
LFd08-A.1 d 0-12 0 0 0 0 Hyposulfidic sand Hypersulfidic
LFd08-A.2 d 12-21 0 1 1 2 Hypersulfidic loamy sand
LFd08-A.3 d 21-33 1 0 1 2 Hyposulfidic clay s“bzgill“igl:s)c'ay Medium
LFd08-A.4 d 33-60 1 1 1 3 Hypersulfidic clay Y.
LFe08-A.1 e 0-8 0 1 0 1 Hypersufilidic sand -
LFe08-A.2 e 8-26 0 0 0 0 Hyposulfidic sand sug‘;pif‘;ﬂdéfa Vedium
LFe08-A.3 e 26-45 1 1 1 3 Hypersufilidic heavy clay sgil (clay) Yy
LFe08-A.4 e 45-58 1 1 1 3 Hypersufilidic heavy clay Y.
LFf08-A.1 f 0-8 0 1 1 2 Hypersufilidic loamy sand Hypersulfidic
LFf08-A.2 f 8-32 0 1 1 2 Hypersufilidic loamy sand sub);pueous cla Medium
LFf08-A.3 f 32-52 1 1 1 3 Hypersufilidic heavy clay Sg” (olay) 4
LFf08-A.4 f 52-86 1 1 1 3 Hypersufilidic heavy clay Y.
LF08-B
AT 17.1 h, 0-1 0 0 0 0 Sand Hyposulfidic
AT 17.2 h, 1-10 0 0 0 0 Hyposulfidic sand subaqueous clay Low
AT 17.3 h, 10-20 0 0 0 0 Hyposulfidic sandy clay soil (clay)
LFa08-B.1 a 0-10 0 0 0 0 Hyposulfidic sand
LFa08-B.2 a 10-20 0 0 0 0 Hyposulfidic sand Hypersulfidic Medium
LFa08-B.3 a 20-35 0 0 0 0 Hyposulfidic sand clay soil (sand)
LFa08-B.4 a 35-55 1 1 1 3 Hypersulfidic medium clay
LFb08-B.1 b 0-25 0 0 0 0 Hyposulfidic sand
LFb08-B.2 b 25-32 0 0 0 0 Hyposulfidic sand Hypersulfidic Medium
LFb08-B.3 b 32-45 0 0 1 1 Hyposulfidic sandy clay clay soil (clay)
LFb08-B.4 b 45-65 0 1 1 2 Hypersulfidic light clay
LFc08-B.1 c 0-20 0 0 0 0 Hyposulfidic sand Hypersulfidic
LFc08-B.2 c 20-33 0 0 0 0 Hyposulfidic sandy clay subipueous cla Medium
LFc08-B.3 c 33-45 0 1 1 2 Hypersulfidic sandy clay Sg” (clay) Yy
LFc08-B.4 c 45-65 1 1 1 3 Hypersulfidic clay Y.
LFd08-B.1 d 0-16 0 0 0 Hyposulfidic sand Hypersulfidic
LFd08-B.2 d 16-23 0 0 0 0 Hyposulfidic loamy sand subaqueous clay Medium
LFd08-B.3 d 23-56 1 1 1 3 Hypersulfidic clay soil (clay)
LFe08-B.1 e 0-20 0 0 0 0 Hyposulfidic sand Hypersulfidic
LFe08-B.2 e 20-30 0 0 0 0 Hyposulfidic loamy sand sub;pueous cla Medium
LFe08-B.3 e 30-37 0 0 0 0 Hyposulfidic heavy clay Sg” (olay) 4
LFe08-B.4 e 37-70 1 1 1 3 Hypersufilidic heavy clay Y.
LFf08-B.1 f 0-23 0 0 0 0 Hyposulfidic loamy sand Hypersulfidic
LFf08-B.2 f 23-30 0 0 0 0 Hyposulfidic loamy sand Sub{;pueous o Vedium
LFf08-B.3 f 30-35 0 0 1 1 Hyposulfidic heavy clay Sg“ (day) Yy
LFf08-B.4 f 35-77 1 1 1 3 Hypersufilidic heavy clay Y.
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Table 10-2 Summary of temporal and spatial variations and changes in ASS subtypes at each site (A and B). Note: (i) Cells shaded orange summarise data presented within this report, (ii) all other cells are based on/extrapolated from data presented in Fitzpatrick et al.

(2008a; 2008b; 2009b; 2008c) and (iii) cells bordered in blue indicate subaqueous

Post-drought

Post-drought

Pre-drought Drought Drought Drought Post drought Post drought el — o I wier
Meningie Sites Winter 2007 Summer 2008 End winter 2009 End summer 2010 Summer 2011 Winter 2011 Summary
2011/12 2011/12
(hy) (h2) (@ (b) (©) (d) © ®

Classification & Hypersulfidic Hypersulfidic clay Hypersulfidic clay Hypersulfidic clay Hypersulfidic Hypersulfidic Hypersulfidic Hypersulfidic ' . . .

?Acid hazard subaqueous (M) (M) (M) (M) subaqueous clay (M) | subaqueous clay (M) | subaqueous clay (M) | subaqueous clay (M) During th'.a (_axtreme drought p_enod (2007 to 2009) the pgr_ual drymg of the IaKe caused .
LF08-A Dominant water and Hypersulfidic subaqueous soil to transform to Hypersulfidic clay soil. Inundation, following

ASS process UW & Sulfide LW & Sulfide LW & Sulfide LW & Sulfide RW & Sulfide UW & Sulfide UW & Sulfide UW & Sulfide winter 2010, caused the formation of Hypersulfidic subaqueous clay soil.

Classification & Hyposulfidic Hyposulfidic Hypersulfidic clay Hypersulfidic clay Hypersulfidic Hypersulfidic Hypersulfidic Hypersulfidic . . . .

?Acid hazard subaqueous clay (L) | subaqueous clay (L) | (M) (M) subaqueous clay (M) | subaqueous clay (M) | subaqueous clay (M) | subaqueous clay (M) During th_e_extreme drought perlo_d (2007 to 2009) the partla_l ermg of t_he lake ca_used
LF08-B Dominant water and Hyposulfidic subaqueous clay soil to transform to Hypersulfidic clay soil. Inundation,

ASS Iprocev;s UW & Sulfide UW & Sulfide LW & Sulfide LW & Sulfide RW & Sulfide UW & Sulfide UW & Sulfide UW & Sulfide following winter 2010, caused the formation of Hypersulfidic subaqueous clay soil.

Classification — Acid Sulfate Soil subtype classification

2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low

Dominant Water process

LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation

UW - Unchanged water regime, which had not yet evaporated to expose soil to air

RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping, regulator
installation, river flow and groundwater)

RF — Rain fall rewetting and natural reflooding to inundate and saturate soils

Dominant ASS — process

Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions to
form sulfuric material

Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)

Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material

Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material

Leach — Leaching of acid from soil by winter rain fall

Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default

Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red

Where h; to hz = historical sampling; (a) — (b) sampling conducted in this project
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11. LF10 - CAMPBELL PARK

Summary

Soil at Campbell Park comprised hyposulfidic, hypersulfidic and sulfuric soil and overall was considered
to pose a high acidification hazard.

During drought conditions, profiles collected at the shoreline, in a reed bed were classified as sulfuric and
hyposulfidic organic soil with medium and high acidification hazard ratings. Following reflooding in
October 2010, the distribution of acidity within the soil profile changed. The net acidity decreased in the
upper 30 to 40 cm and increased in the underlying sediments. This may be the result of the extreme
heterogeneity of the reed bed (i.e. distribution of organic matter) or a downward migration of acidity
caused by rainfall and reflooding.

Profiles collected 150 m into the lake were generally classified as sulfuric and hypersulfidic soil with
high acidification hazard ratings. During Samplings-h;/h,, surface soils were well buffered against
acidity and classified as hyposulfidic. However, by the time of Sampling-a, surface soils had strongly
acidified and contained high concentrations of TAA and RA. This was most likely due to upward
migration of acidic solutions by capillary action during formation of mineral efflorescences (as indicated
by elevated RA). At the time of Sampling-d, having been inundated for more than nine months, soil
profiles remained sulfuric. At the time of Samplings-e/f, having been inundated for 15 to 21 months,
increases in soil pH and reduced RA, meant that these profiles were classified as hypersulfidic.
Regardless, these profiles were considered to pose high acidification hazards.

Profiles collected 300 m into the lake were classified as hyposulfidic, hypersulfidic and sulfuric soil with
medium and low acidification hazard ratings. Profiles collected following reflooding were dominated by
ANC, in the form of carbonate (calcrete) rubble. This was attributed to the spatial variability of calcrete
around Campbell Park.
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11.1Background

Study area LF10 was located in Lake Albert on the northern side of Campbell Park Peninsula (Figure
1-1). As part of this study, sampling was carried out in December 2011 and June 2012 (Samplings-e/f).
Previous samplings were undertaken in May and June 2011 (Sampling-d), January and February 2011
(Sampling-c), March 2010 (Sampling-b) and November 2009 (Sampling-a). Additionally, data from
historic sampling (Samplings-hi/h,), carried out in July 2007 and February 2008, were reassessed as part
of this study. Sampling site locations are displayed in Figure 11-1.
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Figure 11-1 Sample location map. Aerial photograph taken in March 2008 (Orange line: sampling-a
water level, Blue line: sampling-c, d, e & f water level). Red line indicates cross section presented in
Section 22.2

At the time of Sampling-c/d/e, the lake level had risen to approximately 0.6 m AHD and the study area
had been completely re-flooded (Figure 11-1: Figure 11-2). Prior to this, at the time of the first historic
sampling in July 2007 (Sampling-h,), the lake level was at pre-drought levels and no beach was exposed
(Figure 11-2). By the time of the second historic sampling (Sampling-h,) in February 2008, lake levels
had dropped and the study area comprised a beach, which extended from the pre-drought (pre 2006) shore
to the waterline, approximately 300 m north (Figure 11-1: Figure 11-2). The lake level dropped further
from -0.45 m AHD in November 2009 (Sampling-a) to a low of -0.78 m AHD in March 2010 (Sampling-
b) (MDBA 2011), which exposed a large area of lake bed (Figure 11-2).
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Figure 11-2 Site photographs. Refer to Figure 11-1 for the location and direction that photographs were taken, indicated by a or  (photographs were selected that best

depicted the environmental conditions at the study area during each sampling)

80 Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia



LF10 - CAMPBELL PARK

11.2Soils

Soils at Campbell Park generally comprised: (i) LF10-A: sulfuric peat and clay, (ii) LF10-B: sulfuric
sand, (iii) LF10-C: hypersulfidic and sulfuric sand and clay, (iv) LF10-D: hypersulfidic and hyposulfidic
sand and clay and (v) LF10-E: hyposulfidic sand and clay. A summary of encountered soils is provided
below and site locations are presented in Figure 11-1. Detailed profile descriptions are presented in
Appendix 4 and Appendix 8. Profile photographs are presented in Appendix 5.

LF10-A

During previous studies, when the study area was dry, profiles were collected at this site on three
occasions (Samplings-h,/a/b). The site was dry during all samplings and was located in a reed bed on the
pre-drought shore. The historic sampling encountered 5 cm of dense root mat with clay. This overlay
grey and dark grey heavy clay to the maximum extent of investigation at 100 cm. Samplings-a/b both
encountered 50 cm of brown orange fibric peat and clay loam. This was underlain, to a depth of 75 cm,
by grey sand and loamy sand with much brown organic material. From 75 to 80 cm was brown sand and
loamy sand. This was underlain, to the maximum extent of investigation (100 cm), by grey to olive grey
heavy clay. During Sampling-b, shells were noted below 80 cm, which had not been observed during
Sampling-a.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 18 and 12 c¢cm of black
(Sampling-c) to very dark brown (Sampling-d) sandy clay loam with abundant hemic material (hemic
peat). This was underlain, to depths of 36 and 19 cm, by grey light clay and clayey sand. Underlying
this, to depths of 66 and 63 cm (63 cm was the maximum extent of investigation for Sampling-d), was
grey heavy clay with large yellow jarosite mottles. Underlying this, to the maximum extent of
investigation (80 cm), Sampling-c encountered very dark grey medium heavy clay with yellow mottles
and few fine roots.

As part of this study, a UWS was used to collect subaqueous soil profiles (Samplings-e/f). The
investigation encountered 10 to 12 cm of very dark brown hemic peat with a few cm of MBO at surface.
This was underlain, to depths of 20 to 21 cm, by dark grey clayey sand with common fine roots.
Underlying this, to depths of 53 to 57 cm, was grey heavy clay with prominent jarosite mottles associated
with root channels. This was underlain, to the maximum extent of investigation (65 and 86 cm), by dark
grey heavy clay.

LF10-C

During previous studies, profiles were collected at this site on four separate sampling occasions
(Samplings-hi/h,/a/b). The first historic sampling was undertaken when the lake levels were high and
was carried out under subaqueous conditions (all subsequent samplings were undertaken in dry
conditions). Samples were collected with a gouge auger, which encountered 5 cm of yellowish grey sand.
This was underlain, to a depth of 40 cm, by grey heavy clay with decomposing roots. From 40 to 50 cm
was grey to pale grey sand, which was underlain, to the maximum extent of investigation (75 cm), by
brownish grey sand. The second historic sampling encountered 8 cm of greenish yellow sand, which was
underlain, to a depth of 28 cm, by grey sandy clay with orange and yellow mottles associated with root
channels. This was underlain, to the maximum extent of investigation (50 cm), by pale grey sand with
some grey clay lenses. Sampling-a encountered 0.5 cm of pale yellow brown crust. This was underlain,
to a depth of 5 cm, by dark red brown fibric silty clay with many relic phragmites roots. From 5 to 20 cm
was light brown coarse sand with yellow brown mottles. Underlying this, to a depth of 50 cm, was grey
clayey sand with yellow mottles that had orange hallows. This was underlain, to the maximum extent of
investigation (80 cm), by grey medium clay. Sampling-b, encountered 0.5 cm of white and pale yellow
crust. This was underlain, to a depth of 5 cm, by very dark brown sapric clay loam peat. From 5 to 20
cm was grey light clay with strong jarosite mottles and brown sapric peat. Underlying this, to a depth of
35 cm, was brownish grey sand with dark grey, yellow and reddish brown mottles. From 35 to 50 cm
was very dark grey loamy sand light grey, reddish and pale yellow mottles. This was underlain, to the
maximum extent of investigation (80 cm), by moist grey sand with reddish brown mottles.
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When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 7 and 10 cm of greyish brown
clay with decomposing organic matter at the surface. Yellow jarosite (5 %) we noted near the base of this
layer during Sampling-d. Underlying this, to a depth of 29 cm, was light olive brown loamy sand with 25
% jarosite mottles noted during Sampling-c and 15 % jarosite mottles during Sampling-d. This was
underlain, to a depth of 70 cm by grey to greyish brown loamy sand with 10 % diffuse darker grey
mottles.

As part of this study, a UWS and push tube were used to collect subaqueous soil profiles (Samplings-e/f).
Sampling-e encountered 5 cm of very dark grey heavy clay with brown organic matter at surface. This
was underlain, to a depth of 18 cm, by light olive brown loamy sand. Underlying this, to a depth of 30
cm, was grey loamy sand. This was underlain, to the maximum extent of investigation (45 cm), by grey
loamy sand with few old roots. Sampling-f encountered 18 cm of very dark grey sand to loamy sand with
30 % black decomposing organic matter. This was underlain, to a depth of 18 cm, by light olive brown
loamy sand. Underlying this, to a depth of 30 cm, was grey loamy sand. This was underlain, to the
maximum extent of investigation (45 cm), by grey loamy sand with few old roots.

LF10-D

During previous studies, profiles were collected at this site on two separate sampling occasions
(Samplings-a/b). Sampling-a was carried out directly at the edge of the water. The lake level had
dropped by Sampling-b. Sampling-a encountered 2 cm of grey light clay overlying 3 cm of monosulfidic
black light clay gel. Underlying this, to a depth of 20 cm, was light brown sand with orange mottles.
This was underlain, to the maximum extent of investigation (50 cm), by wet dark grey to grey clayey
sand. Sampling-b encountered 0.5 cm of dry layered brownish grey heavy clay with some organic matter.
Underlying this, to a depth of 15 cm, was pale brownish yellow sand with diffuse brownish red mottles.
From 15 to 35 cm was grey loamy sand with distinct grey, brownish red, yellow and black mottles. This
was underlain, to the maximum extent of investigation (55 cm), by grey sandy loam with diffuse black
mottles and few relic roots.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 16 and 12 cm of grey to grey
brown and black loamy sand with many fine roots and a few fine shell fragments. This was underlain, to
depths of 28 and 30 cm (30 cm was the maximum depth of investigation during Sampling-d), by greenish
grey clay and sandy loam with soft and hard carbonate nodules. Between 28 and 47 cm, Sampling-c
encountered calcareous rubble. This was underlain, to the maximum extent of investigation (56 cm), by
greenish grey sandy loam.

As part of this study, a UWS and push tube were used to collect subaqueous soil profiles (Samplings-e/f).
Sampling-e encountered 5 cm of black to dark grey loamy sand. This was underlain, to a depth of 17 cm,
by olive brown loamy sand. Underlying this, to the maximum extent of investigation (35 cm), was grey
sandy loam with both soft and hard carbonate nodules. Sampling-f encountered 4 cm of dark grey sand
with few fine rootlets. This was underlain, to a depth of 12 cm, by dark grey loamy sand. Underlying
this, to a depth of 20 cm, was olive grey loamy sand with clayey lenses. This was underlain, to a depth of
33 cm, by olive grey clay or sandy clay with 50 % coarse carbonate nodules. Underlying this, to the
maximum extent of investigation (88 cm), was dark grey sandy clay loam with few fine shell fragments
and carbonate nodules.

11.3So0il acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3. Acid-base
accounting and pH data (pHox, pHine & pHw), for each soil layer, are presented in Figure 11-3. These
data were used to inform the acidification hazard assessment that is presented in Table 11-1.
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Figure 11-3 pH and acid-base accounting data plotted against depth for each profile collected
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11.4 Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil sample
collected, according to the definitions and methods presented in Section 1.3 and Section 2.4 respectively.
A summary of acidification potential and ASS material classification is presented in Table 11-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil profile
collected. ASS subtype classification was achieved using the methods described in Appendix 2.
Acidification hazard assessment was based on: (i) landscape position (Figure 11-1), (ii) soil morphology
(Section 11.2), (iii) acid-base accounting (Figure 11-3), (iv) pH data (Figure 11-3), (v) acidification
potential (Table 11-1) and (vi) ASS material and subtype classification (Table 11-1). Acidification
hazard categories were: (i) very low, (ii) low, (iii) medium and (iv) high. A summary of ASS subtype
classification and acidification hazard for each profile collected between July 2007 and June 2012 is
presented in Table 11-1.

Soil profiles at Campbell Park generally comprised hyposulfidic, hypersulfidic and sulfuric soil with low
to high acidification hazard ratings (Table 11-1). During drought conditions, profiles collected at the
shoreline, in a reed bed (LF10-A; Figure 11-1), were classified as sulfuric and hyposulfidic (pHy and
pHine < 5) organic soil with medium and high acidification hazard ratings (Table 11-1). The upper
portion of the profiles (above 50 to 75 cm) had relatively high net acidity, little or no ANC, high TAA,
minor Scg and high acidification potential (Figure 11-3; Table 11-1). The lower half of the profiles
(below 50 to 75 cm) had relatively low or negative net acidity, little or moderate ANC, little or no TAA
and Scr and very low acidification potential (Figure 11-3; Table 11-1). Following reflooding, in October
2010, the distribution of acidity within the soil profile changed. The net acidity decreased in the upper 30
to 40 cm and increased in the underlying sediments. This may be the result of the extreme heterogeneity
of the reed bed (i.e. distribution of organic matter) or a downward migration of acidity caused by rainfall
and reflooding.

Profiles collected approximately 150 m into the lake (LF10-C; Figure 11-1) were classified as sulfuric
and hypersulfidic soil with high acidification hazard ratings (Table 11-1). They had relatively high net
acidity, little or no ANC, high TAA, Scr and moderate levels of RA and high acidification potential
(Figure 11-3; Table 11-1). During Samplings-h;/h,, surface soils were well buffered against acidity and
classified as hyposulfidic. However, by the time of Sampling-a, surface soils had strongly acidified and
contained high concentrations of TAA and RA (Figure 11-3). This was most likely due to upward
migration of acidic solutions by capillary action during formation of mineral efflorescences (as indicated
by elevated RA). At the time of Sampling-d, having been inundated for more than nine months, soil
profiles remained sulfuric (Table 11-2). At the time of Samplings-e/f, having been inundated for 15 to 21
months, increases in soil pH and reduced RA, meant that these profiles were classified as hypersulfidic.
Regardless, these profiles were considered to pose high acidification hazards.

Profiles collected 300 m into the lake (LF10-D; Figure 11-1) were classified as hyposulfidic,
hypersulfidic and sulfuric soil with medium and low acidification hazard ratings (Table 11-1). During
drought conditions, the upper portion of the profiles (above 15 to 20 cm) had negative net acidity,
moderate to high ANC, moderate Scr and very low acidification potential (Figure 11-3;). The lower half
of the profiles (below 15 to 20 cm) had positive net acidity, little or no ANC, moderate Scg and high
acidification potential (Figure 11-3;). Profiles collected following reflooding were dominated by ANC, in
the form of carbonate (calcrete) rubble. This was attributed to the spatial variability of the underlying
calcrete around Campbell Park (Section 11.2).

Overall, soil at Campbell Park was considered to pose a high acidification hazard.
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Table 11-1 Summary of acidification potential, ASS material classification, ASS subtype classification and
acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

. Depth pHox pHine NA Acidification . T ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential ASS material classification classification hazard
LF10-A
AT 9.2 hy 5-30 1 1 1 3* Sulfuric heavy clay peat Sulfuric
AT 9.3 hy 30-50 0 0 1 1 Hyposulfidic heavy clay organic soil High
AT 9.4 hy 50-100 0 0 0 0 Hyposulfidic heavy clay (clay)
LFal0-A.1 a 0-50 1 0 1 2* Sulfuric peat Sulfuric
LFal0-A.2 a 50-75 1 1 1 3 Hyposulfidic sand organic soil High
LFal0-A.3 a 75-80 0 0 1 1 Hyposulfidic sand (organic)
LFal0-A.4 a 80-100 0 0 0 0 Hyposulfidic heavy clay 9
LFb10-A.1 b 0-50 1 0 1 2 Hyposulfidic peat Hyposulfidic
LFb10-A.2 b 50-75 0 0 1 1 Hyposulfidic loamy sand organic soil Medium
LFb10-A.3 b 75-80 0 0 0 0 Hyposulfidic loamy sand (gr anic)
LFb10-A.4 b 80-100 0 0 0 0 Hyposulfidic heavy clay 9
LEC10-A1 c 0.8 L o . X ;Zlgosulfldlc sandy organic Sulfuric
LFc10-A.2 c 18-36 0 0 1 1 Hyposulfidic clay S“baqge‘““.ls High
LFc10-A.3 c 36-66 1 1 1 3 Sulfuric clay orgarl"c sol
LFc10-A.4 c 66-80 1 1 1 3* Sulfuric clay (clay)
LFd10-A.1 d 0-12 1 0 1 2 Hyposulfidic hemic peat Sulfuric
subaqgeou.s High
LFd10-A.2 d 12-19 0 0 1 1 Hyposulfidic sand organic soil
LFd10-A.3 d 19-63 1 1 1 3* Sulfuric clay (clay)
LFel0-A.1 e 0-10 1 0 1 2 Hyposulfidic hemic peat Sulfuric
LFel0-A.2 e 10-20 1 1 1 3 Sulfuric clayey sand subaqueous High
LFel0-A3 e 20-57 1 1 1 3 Sulfuric heavy clay organic soil
LFel0-A4 e 57-65 1 1 1 3 Sulfuric heavy clay (clay)
LFf10-A.1 f 0-12 1 0 1 2 Hyposulfidic hemic peat Hypersulfidic
LFf10-A.2 f 12-21 0 0 0 0 Hyposulfidic hemic peat subaqueous High
LFf10-A.3 f 21-53 1 1 1 3 Hypersufilidic heavy clay organic soil
LFf10-A.4 f 53-86 1 1 1 3 Hypersufilidic heavy clay (clay)
LF10-C
AT 7.1 hy 0-5 0 0 0 0 Sand Hypersulfidic
AT 7.2 hy 5-20 1 1 1 3 Hypersulfidic heavy clay szga Leous
AT 7.3 hy 20-40 1 1 1 3 Hypersulfidic heavy clay claq soil High
AT 7.4 hy 40-50 1 1 1 3 Hypersulfidic sand (sgn o
AT 75 hy 50-75 1 1 1 3 Hypersulfidic sand
AT 19.1 h, 0-8 0 0 0 0 Sand
AT 19.2 h, 8-18 1 1 1 3* Sulfuric sand Sulfuric soil High
AT 19.3 h, 18-28 1 1 1 3* Sulfuric sandy clay (sand)
AT 19.4 h, 28-50 1 1 1 3* Sulfuric sand
LFal0-C.1 a 0-0.5 1 1 1 3* Sulfuric crust
LFal0-C.2 a 0.5-5 1 1 1 3* Sulfuric silty clay Sulfuric dlay
LFal0-C.3 a 5-20 1 1 1 3* Sulfuric sand soil (sand) High
LFal0-C.4 a 20-50 1 1 1 3* Sulfuric clayey sand
LFal0-C.5 a 50-80 1 1 1 3* Sulfuric medium clay
LFb10-C.1 b 0-0.5 1 1 1 3* Sulfuric sand
LFb10-C.2 b 0.5-5 1 1 1 3* Sulfuric clay loam
LFb10-C.3 b 5-20 1 1 1 3* Sulfuric light clay Sulfuric clay High
LFb10-C.4 b 20-35 1 1 1 3* Sulfuric sand soil (sand)
LFb10-C.5 b 35-50 1 1 1 3* Sulfuric loamy sand
LFb10-C.6 b 50-80 1 1 1 3* Sulfuric sand
LFc10-C.1 c 0-7 1 1 1 3 Hypersulfidic sandy clay loam Sulfuric
LFc10-C.2 c 7-29 1 1 1 3 Hypersulfidic sandy clay loam subagueous High
LFc10-C.3 c 29-45 1 1 1 3* Sulfuric loamy sand soil (sand)
LFc10-C.4 c 45-70 1 1 1 3* Sulfuric loamy sand
LFd10-C.1 d 0-10 1 1 1 3 Hypersulfidic clay Sulfuric
LFd10-C.2 d 10-29 1 1 1 3 Hypersulfidic loamy sand subagueous High
LFd10-C.3 d 29-50 1 1 1 3* Sulfuric loamy sand Soil ((]sand)
LFd10-C.4 d 50-70 1 1 1 3 Hypersulfidic loamy sand
LFel0-C.1 e 0-5 1 0 1 2 Hyposulfidic heavy clay -
LFel0-C.2 e 5-18 1 1 1 3 Hypersufilidic loamy sand gzggriﬂgﬂs High
LFel0-C.3 e 18-30 1 1 1 3 Hypersufilidic loamy sand soil l(]sand)
LFel0-C.4 e 30-45 1 1 1 3 Hypersufilidic loamy sand
LFf10-C.1 f 0-18 0 1 1 2 Hypersufilidic loamy sand Hypersulfidic
LFf10-C.2 f 18-23 1 1 1 3 Hypersufilidic organic clay subaqueous High
LFf10-C.3 f 23-40 1 1 1 3 Hypersufilidic loamy sand soil (sand)
LFf10-C.4 f 40-70 1 1 1 3* Sulfuric sand
LF10-D
LFal0-D.1 a 0-5 0 0 0 0 Hyposulfidic light clay Hypersulfidic
LFal0-D.2 a 5-20 0 0 0 0 Hyposulfidic sand soil (sand) Medium
LFal0-D.3 a 20-50 1 1 1 3 Hypersulfidic clayey sand
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] Depth pHox pPHine NA Acidification ] R ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential ASS material classification classification hazard
LFb10-D.1 b 0-0.5 0 0 0 0 Hyposulfidic heavy clay
LFb10-D.2 b 0.5-15 0 0 0 0 Hyposulfidic sand Sulfuric soil Medium
LFb10-D.3 b 15-35 1 1 1 3* Sulfuric loamy sand (sand)
LFb10-D.4 b 35-55 1 0 1 2 Hyposulfidic sandy loam
LFc10-D.1 c 0-16 0 0 1 1 Hyposulfidic loamy sand Hypersulfidic
LFc10-D.2 c 16-28 0 0 0 0 Hyposulfidic carbonate/sand sta Leous Low
LFc10-D.3 c 28-47 0 0 0 0 Hyposulfidic carbonate rubble soil ((]sand)
LFc10-D.4 c 47-56 0 1 1 2 Hypersulfidic sandy loam
LFd10-D.1 d 0-5 0 0 0 0 Hyposulfidic loamy sand Hyposulfidic
LFd10-D.2 d 5-12 0 0 0 0 :yposulf!d!c loamy sand subagueous Very Low
d yposulfidic carbonate soil (sand)
LFd10-D.3 12-30 0 0 0 0 nodules
LFel0-D.1 e 0-5 0 0 1 1 Loamy sand Hyposulfidic
LFel0-D.2 e 5-17 0 0 0 0 Hyposulfidic loamy sand subaqueous Low
LFel0-D.3 e 17-35 0 0 0 0 Hyposulfidic carbonate sand soil (sand)
LFf10-D.1 f 0-4 1 0 1 2 Hyposulfidic sand
LFf10-D.2 f 4-12 0 0 1 1 Hyposulfidic loamy sand Hypersulfidic
LFf10-D.3 f 12-20 1 0 1 2 Hyposulfidic loamy sand subaqueous Low
LFf10-D.4 f 20-33 0 0 0 0 Hyposulfidic sandy clay soil (sand)
LFf10-D.5 f 45-88 0 1 1 2 Hypersufilidic sandy clay loam
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Table 11-2 Summary of temporal and spatial variations and changes in ASS subtypes at each site (A, C and D). Note: (i) Cells shaded orange summarise data presented within this report, (ii) all other cells are based on/extrapolated from data presented in Fitzpatrick et
al. (2010a; 2008a; 2008b; 2009b; 2008c) and (iii) cells bordered in blue indicate subaqueous conditions

’ . No pumping Post drought Post drought Post-drought Post-drought
Campbell C\;ﬁ]?gfggg; Drought Pumping Er:\:joveilrirt?rmggog End summer Summer 2011 Winter 2011 start summer start winter ITET
Park Sites Summer 2008 (hz)  Summer 2009 (hs) 2010 (c) (d) 2011/12 2011/12 y
(1) @ b f
(b) (e) ®

1 I . . ) . . . . q R Sulfuric Sulfuric Sulfuric Hypersulfidic

ziLaigS':gZZ?gn & (Sl_f)lfu”c organic (Sl_?)lfurlc organic (SI_L'J)HUHC organic (Sl_f)lfu”c organic gép:nsiglz;\%c subaqueous subaqueous subaqueous subaqueous During the entire extreme drought period (2007 to 2009) this site remained a Sulfuric organic soil.
LF10-A organic (H) organic (H) organic (H) organic (H) Spatial variability meant that this material classified as Hyposulfidic organic soil in 2010. Inundation,

Dominant water 2m high live 2m high live 1 m high dead 1m high dead 1m high dead 2 m high live 2 m high live 2 m high live 2 m high live following winter 2010, caused the formation of Sulfuric subaqueous organic soil. Prolonged inundation,

and ASS process Phragmites LW & = Phragmites LW & | Phragmites Phragmites Phragmites Phragmites Phragmites Phragmites Phragmites for > 21 months resulted in the formation of Hypersulfidic subaqueous soil

P Sulfuric Sulfuric LW & Sulfuric LW & Sulfuric LW & Leach RW & Sulfuric UW & Sulfuric UW & Sulfuric UW & Sulfide

1 - Hypersulfidic ' . - AT ) ) ) . -

Classification & ) ) . . Sulfuric Sulfuric Hypersulfidic Hypersulfidic During the extreme drought period (2007 to 2009) the partial drying of the lake caused the Hypersulfidic
LF10-C ?Acid hazard z:])baqueous clay | Sulfuric (H) Sulfuric (H) Sulturict clay (H) - Sulturic* clay () | s pagueous (H) subaqueous (H) subaqueous (H) subaqueous (H) subaqueous soils to transform to Sulfuric soils. Inundation, following winter 2010, caused the formation

Dominant water of Sulfuric subaqueous soil. . Prolonged inundation, for > 21 months resulted in the formation of

and ASS process UW & Sulfide LW & Sulfuric LW & Sulfuric RF & Sulfuric LW & Sulfuric RW & Sulfuric UW & Sulfuric UW & Sulfide UW & Sulfide Hypersulfidic subaqueous soil

Classification & Hypersulfidic Sulfuric (M) Hypersulfidic Hypersulfidic Sulfuric (M) Hypersulfidic Hyposulfidic Hyposulfidic Hyposulfidic During the extreme drought period (2007 to 2008) the partial drying of the lake caused the Hypersulfidic

2Acid hazard subaqueous (M) Soil (M) Soil (M) subaqueous (L) subaqueous (VL) subaqueous (L) subaqueous (L) subaqueous soils to transform to Sulfuric soils. However, pumping of water into Lake Albert from Lake
LF10-D Alexandrina caused these Sulfuric soils to be re-submerged under water and transform to a

Dominant water : ) RW & Sulfide RW & Sulfide ] ’ ’ ’ ’ Hypersulfidic Soil. When pumping was discontinued and the water levels dropped again the

and ASS process UW & Sulfide LW & Sulfuric Monosulfide Monosulfide =t Sl s S e e St & e St & e St & Hypersulfidic soil transformed back to a Sulfuric soil. Inundation, following winter 2010, caused the

formation of Hypersulfidic and Hyposulfidic subagueous soil.

Classification — Acid Sulfate Soil subtype classification

2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low
Dominant Water process
LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation

UW - Unchanged water regime, which had not yet evaporated to expose soil to air
RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping, regulator

installation, river flow and groundwater)
RF — Rain fall rewetting and natural reflooding to inundate and saturate soils

Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia

Dominant ASS — process
Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions to
form sulfuric material
Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)
Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material
Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material
Leach — Leaching of acid from soil by winter rain fall
Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default
Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red
Where h; to hz = historical sampling; (a) — (b) sampling conducted in this project
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12. LF12 - LOVEDAY BAY

Summary

Overall, soil at Loveday Bay was considered to pose a high acidification hazard.

Soil profiles at Loveday Bay generally comprised hypersulfidic and sulfuric soil with medium and high
acidification hazard ratings. Drought and the subsequent drying of Loveday Bay (postulated to have
occurred between summer 2007 and summer 2009) caused hypersulfidic subaqueous soil to transform to
sulfuric soil. Subsequent rewetting resulted in this sulfuric soil transforming to sulfuric subaqueous soil
overlain by acidic water. A second period of drying resulted in this material transforming back to sulfuric
soil. Inundation, following winter 2010, promoted the formation of hypersulfidic subaqueous soil.

During drought conditions, acidity within surface sediments (i.e. < 25 cm deep) was dominated by TAA.
Following reflooding, acidity within the profile was dominated by Scg. This indicates that reflooding
may have caused some flushing of acidity (H") from surface sediments and encouraged reducing
conditions and sulfate reduction, resulting in the formation of hypersulfidic subaqueous soils.
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12.1Background

Study area LF12 was located at the south eastern extent of Lake Alexandrina, on the north eastern side of
Loveday Bay (Figure 1-1). As part of this study, sampling was carried out in December 2011 and June
2012 (Samplings-e/f). Previous samplings were undertaken in May and June 2011 (Sampling-d), January
and February 2011 (Sampling-c), March 2010 (Sampling-b) and November 2009 (Sampling-a).
Additionally, data from historic sampling (Sampling-h,), carried out in August 2009, were reassessed as
part of this study. Sampling site locations are displayed in Figure 12-1.

325000 325200 35400 325600 325800 320000 326200 640 326600 320800 07000 27200 nran 7600

LF12 - Loveday Bay

€06 1800
606 1800

CO60800 €06 1000 0% 1200 606 1400 £06 1600
£06 1000 0% 1200 606 1400 606 1600

CO6 0800

£060600
£060600

Meters

325000 325200 325400 325600 325800 320000 326200 EH0 326600 320800 327000 27200 2T 400 27600

Figure 12-1 Sample location map. Aerial photograph taken in March 2008 (Orange line: sampling-a
water level, Blue line: sampling-c, d, e & f water level). Red line indicates cross section presented in
Section 22.4

At the time of Sampling-c/d/e, the lake level had risen to approximately 0.65 m AHD and the study area
had been completely re-flooded (Figure 12-1: Figure 12-2). Prior to this, in August and October 2009
(Samplings-h,/a), the study area comprised a partially revegetated sandy spit, which separated a large
(approximately 220 hectares) pond of water from the main body of Lake Alexandrina (Figure 12-1:
Figure 12-2). Since the aerial photograph was taken in March 2008, the water level had dropped slightly
and there was no channel between the pond of water in the east and Lake Alexandrina to the west. By
March 2010 (Sampling-b), the pond of water had completely dried and the main body of Lake
Alexandrina had receded further from Loveday Bay (Figure 12-2).
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(a) - October 2009

(b) - March 2010

(c) - February 2011

(d) - May 2011

— —
: g y (e) - December 2011
o "

- ~ -

Figure 12-2 Site photographs. Refer to Figure 12-1 for the location and direction that photographs were taken, indicated by a (photographs were selected that best
depicted the environmental conditions at the study area during each sampling)
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12.2Soils

Soils at Loveday Bay generally comprised: (i) LF12-A: sulfuric and hypersulfidic sand and clay, (ii)
LF12-B: hypersulfidic and hyposulfidic sand and clay and (iii) LF12-C: sulfuric and hypersulfidic sand.
A summary of encountered soils is provided below and site locations are presented in Figure 12-1.
Detailed profile descriptions are presented in Appendix 4 and Appendix 8. Profile photographs are
presented in Appendix 5.

LF12-A

During previous studies, profiles were collected at this site on two separate sampling occasions
(Samplings-a/b). Sampling-a was carried out under subaqueous conditions (the subsequent sampling was
undertaken in dry conditions). It encountered a 1 cm thick light yellow algal mat. This was underlain, to
a depth of 15 cm, by grey sand. From 15 to 40 cm was grey sandy clay. Underlying this, to a depth of
100 cm, was dark grey light medium clay. This was underlain, to the maximum extent of investigation
(130 cm), by grey heavy clay. Sampling-b encountered a 0.5 cm thick crust of light yellow grey sand
cemented with salt. From 0.5 to 1.5 cm was yellow sand, which was underlain, to a depth of 7 cm, was
moist grey loamy sand. Underlying this, to a depth of 23 cm, was brownish grey loamy sand with reddish
brown mottles, few relic roots with associated jarosite mottles and clay lenses and organic matter near
lower boundary. Between 23 and 50 cm was olive grey sandy clay with reddish brown mottles associated
with roots. Underlying this, to the maximum extent of investigation (100 cm), was olive grey sandy clay.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 9 and 10 cm of greyish brown
loamy sand, which was underlain, to depths of 17 and 18 cm, by grey sandy loam. Approximately 10 %
jarosite mottles were noted during Sampling-c and only remnant jarosite mottles were present during
Sampling-d. Underlying this, to depths of 58 and 47 cm, was dark grey sandy clay. This was underlain,
to depths of 74 and 76 cm (74 cm was the maximum extent of investigation during Sampling-c), by dark
greenish grey heavy clay. During Sampling-d, this was underlain, to the maximum extent of
investigation (80 cm), by dark greyish brown sand.

As part of this study, a push tube was used to collect subaqueous soil profiles (Samplings-e/f). The
investigations encountered 8 cm of olive grey and black loamy clay with weak jarosite mottles in
Sampling-e. This was underlain, to depths of 15 to 21 cm, by grey clayey to loamy sand with a few fine
roots and diffuse jarosite mottles. Underlying this, to a depth of 33 cm, was grey sandy clay with dark
yellowish brown mottles in Sampling-e. This was underlain, to depths of 49 to 50 cm, by grey sandy
clay. Underlying this, to depths of 71 to 72 cm (72 cm was the maximum extent of investigation during
Sampling-e), was dark grey fine sandy clay. During Sampling-f, this was underlain, to the maximum
extent of investigation (84 cm), by dark grey to dark greenish grey heavy clay.

LF12-B

During previous studies, profiles were collected at this site on two separate sampling occasions
(Samplings-a/b). Sampling-a encountered 2 cm of cracked red orange and black medium clay. This was
underlain, to a depth of 16 cm, by black sand, which was underlain, to the maximum extent of
investigation (25 cm), by light grey sand with brown mottles. Sampling-b encountered 10 cm of
windblown, loose pale yellow brown sand. Underlying this, to a depth of 35 cm, was pale brown loamy
sand with distinct brown and grey mottles. From 35 to 40 cm was black sand with rare reddish mottles
along root channels. This was underlain, to the maximum extent of investigation (60 cm), by grey sandy
clay.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 12 and 10 cm of very dark
grey to grey loamy sand. This was underlain, to depths of 32 and 26 cm, by black grading to grey loamy
sand with black mottles and layering. Between 32 and 63 cm, Sampling-c encountered dark grey sandy
clay loam with clay lenses and few shell fragments. This was underlain, to the maximum extent of
investigation (76 cm), by dark grey heavy clay with some shell fragments. Between 26 and 32 cm,
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Sampling-d encountered dark grey loamy sand with few black mottles. This was underlain, to the
maximum extent of investigation (70 cm), by olive grey heavy clay. No shells were noted during
Sampling-d.

As part of this study, a push tube was used to collect subaqueous soil profiles (Samplings-e). The
investigation encountered 10 cm of black sand. This was underlain, to a depth of 12 cm, by a compressed
layer of black medium clay. Underlying this, to a depth of 38 cm, was black and very dark grey loamy
sand. This was underlain, to a depth of 60 cm, by dark grey to grey loamy sand. Underlying this, to the
maximum extent of investigation (72 cm), was olive grey sandy clay loam.

LF12-C

During previous studies, profiles were collected at this site on two separate sampling occasions
(Samplings-a/b). Sampling-a encountered a 0.5 cm thick crust of yellow salt, which overlay 9.5 cm of
light brown medium sand with many orange brown stained roots. From 10 to 60 cm was light brown
sand. This was underlain, to the maximum extent of investigation (80 cm), by grey sand. Sampling-b
encountered 10 cm of loose pale brown fine sand with reddish brown mottles. This was underlain, to a
depth of 23 cm, by pale brownish grey sand with strong reddish brown mottles. From 23 to 36 cm was
light brownish grey sand with yellow jarosite mottles associated with reddish brown root channels.
Underlying this, to a depth of 48 cm, was olive grey sand and loamy sand with yellow jarosite mottles.
This was underlain, to the maximum extent of investigation (80 cm), by grey to dark grey loamy sand
with strong brown and yellow brown mottles associated with root channels.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 11 and 12 c¢cm of black
grading to dark grey loamy sand with few fine roots. This was underlain, to depths of 36 and 34 cm, by
light brownish grey loamy sand with diffuse jarosite mottles. Underlying this, to a depth of 50 cm, was
grey loamy sand with few yellowish brown mottles associated with root channels. This was underlain, to
the maximum extent of investigation (66 and 64 cm), by grey loamy sand.

As part of this study, a push tube was used to collect subaqueous soil profiles (Samplings-e/f). Sampling-
e encountered 9 cm of black loamy sand with fine rootlets. This was underlain, to a depth of 32 cm, by
light brownish grey loamy sand with diffuse jarosite mottles. Underlying this, to the maximum extent of
investigation (45 cm), was grey loamy sand. Sampling-f encountered 13 cm of black loamy sand with
fine rootlets. This was underlain, to a depth of 15 cm, by black organic loamy sand with clay lenses and
sapric peat. Underlying this, to a depth of 30 cm, was very dark grey loamy sand. this was underlain, to
a depth of 67 cm, by grey loamy sand with black and reddish mottles and few shell fragments near the
base. Underlying this, to the maximum extent of investigation (84 cm), was grey sandy clay loam with
clayey lenses, shell fragments and very fine roots.

12.3So0il acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3. Acid-base
accounting and pH data (pHox, pHine & pHw), for each soil layer, are presented in Figure 12-1. These
data were used to inform the acidification hazard assessment that is presented in Table 12-1.
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Figure 12-3 pH and acid-base accounting data plotted against depth for each profile collected
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12.4Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil sample
collected, according to the definitions and methods presented in Section 1.3 and Section 2.4 respectively.
A summary of acidification potential and ASS material classification is presented in Table 12-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil profile
collected. ASS subtype classification was achieved using the methods described in Appendix 2.
Acidification hazard assessment was based on: (i) landscape position (Figure 12-1), (ii) soil morphology
(Section 12.2), (iii) acid-base accounting (Figure 12-3), (iv) pH data (Figure 12-3), (v) acidification
potential (Table 12-1) and (vi) ASS material and subtype classification (Table 12-1). Acidification
hazard categories were: (i) very low, (ii) low, (iii) medium and (iv) high. A summary of ASS subtype
classification and acidification hazard for each profile collected between October 2010 and June 2012 is
presented in Table 12-1.

Soil profiles at Loveday Bay generally comprised hypersulfidic and sulfuric soil with medium and high
acidification hazard ratings (Table 12-1). Drought (2007 to 2009) and the subsequent drying of Loveday
Bay (postulated to have occurred between summer 2007 and summer 2009) caused hypersulfidic
subaqueous soil to transform to sulfuric soil. Subsequent rewetting resulted in this sulfuric soil
transforming to sulfuric subaqueous soil overlain by acidic water. A second period of drying resulted in
this material transforming back to sulfuric soil. Inundation, following winter 2010, promoted the
formation of hypersulfidic subaqueous soil.

Profiles collected at sites LF12-A and LF12-C (Figure 12-1) were classified as sulfuric soil with high
acidification hazard ratings (Table 12-1). They generally had positive net acidity, little or no ANC,
moderate to high TAA, Scr and RA and medium to high acidification potential (Figure 12-3; Table 12-1).
During drought conditions, acidity within surface sediments
(i.e. < 25 cm deep) was dominated by TAA (Figure 12-3). Following reflooding, acidity was dominated
by Scr (Figure 12-3). Hence, reflooding seems to have caused some flushing of acidity (H") from
surface sediments and encouraged reducing conditions and sulfate reduction, resulting in the formation of
hypersulfidic subaqueous soils (Table 12-2).

Profiles collected at site LF12-B were classified as hyposulfidic and hypersulfidic soil with medium
acidification hazard ratings (Figure 12-3; Table 12-1). They generally had positive net acidity, little or no
ANC, low to moderate TAA and Scg and medium to high acidification potential (Figure 12-3; Table
12-1). At the time of Sampling-a, there was a thin red surface layer of clay that contained high NA
(Figure 12-2; Figure 12-3). This layer had been physically eroded by the time of Sampling-b (Figure
12-3). Reflooding had no significant impact upon this site, acidity was dominated by Scgr and soil
material remained hypersulfidic with medium acidification hazard ratings (Table 12-2).

Overall, soil at Loveday Bay was considered to pose a high acidification hazard.
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Table 12-1 Summary of acidification potential, ASS material classification, ASS subtype classification and
acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

. Depth pHox pHine NA Acidification . T ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential ASS material classification classification hazard
LF12-A
LFal2-A.1 a 0-1 0 0 1 1 Hyposulfidic crust sulfuric
LFal2-A.2 a 1-15 0 1 1 2% Sulfuric sand subagueous High
LFal2-A.3 a 15-40 1 1 1 3 Hypersulfidic sandy clay soil (clay)
LFal2-A.4 a 40-100 1 1 1 3 Hypersulfidic medium clay
LFb12-A.1 b 0-0.5 0 1 1 2% Sulfuric crust
LFb12-A.2 b 0.5-1.5 0 1 1 2* Sulfuric sand
LFb12-A.3 b 15-7 1 1 0 2% Sulfuric loamy sand Sulfuric soil High
LFb12-A.4 b 7-23 1 1 1 3* Sulfuric loamy sand (clay)
LFb12-A.5 b 23-50 1 1 1 3 Hypersulfidic sandy clay
LFb12-A.6 b 50-100 1 1 1 3 Hypersulfidic sandy clay
LFc12-A1 c 0-9 1 1 1 3 Loamy sand Hypersulfidic
LFc12-A2 c 9-17 1 1 1 3 Hypersulfidic loamy sand subaqueous
LFc12-A3 c 17-37 0 1 1 2 Hypersulfidic sandy clay soil High
LFcl12-A4 c 37-58 1 1 1 3 Hypersulfidic sandy clay (clay)
LFc12-A5 c 58-74 0 1 1 2 Hypersulfidic clay
LFd12-A.1 d 0-10 1 1 1 3 Hypersulfidic loamy sand Hypersulfidic
LFd12-A.2 d 10-18 1 1 1 3 Hypersulfidic sandy loam Sa’gaqueous
LFd12-A.3 d 18-30 1 1 1 3 Hypersulfidic sandy clay clay soil High
LFd12-A.4 d 30-47 1 1 1 3 Hypersulfidic sandy clay (clay)
LFd12-A5 d 47-76 1 1 1 3 Hypersulfidic clay
LFel2-A.1 e 0-8 1 1 1 3 Hypersufilidic loamy sand Hypersulfidic
LFel2-A.2 e 8-21 1 1 0 2 Hypersufilidic loamy sand subaqueous
LFel2-A3 e 21-33 1 1 1 3 Hypersufilidic sandy clay clay soil High
LFel2-A4 e 33-49 1 1 1 3 Hypersufilidic sandy clay (cslla )
LFel2-A5 e 49-72 1 1 1 3 Hypersufilidic sandy clay Y.
LFf12-A.1 f 0-8 1 1 1 3 Hypersufilidic loamy sand
LFf12-A.2 f 8-15 1 1 1 3 Hypersufilidic loamy sand Hypersulfidic
LFf12-A.3 f 15-33 1 1 1 3 Hypersufilidic sandy clay subaqueous High
LFf12-A.4 f 33-50 1 1 1 3 Hypersufilidic sandy clay clay soil
LFf12-A.5 f 50-71 1 1 1 3 Hypersufilidic fine sandy clay (clay)
LFf12-A.6 f 71-84 1 1 1 3 Hypersufilidic heavy clay
LF12-B
LFal2-B.1 a 0-2 0 0 1 1 Hyposulfidic clay Hypersulfidic
LFal2-B.2 a 0-2 0 1 1 2 Hypersulfidic clay subaqueous Medium
LFal2-B.3 a 2-16 0 0 1 1 Hyposulfidic sand clay soil
LFal2-B.4 a 16-25 0 0 0 0 Hyposulfidic sand (sand)
LFb12-B.1 b 0-10 0 0 1 1 Hyposulfidic sand
LFb12-B.2 b 10-35 0 0 0 0 Hyposulfidic loamy sand Hypersulfidic Medium
LFb12-B.3 b 35-40 1 1 1 3 Hypersulfidic sand soil (sand)
LFb12-B.4 b 40-60 1 1 1 3 Hypersulfidic sandy clay
LFc12-B.1 c 0-12 0 0 0 0 Loamy sand -
LFc12-B.2 c 12-32 0 1 1 2 Hypersulfidic loamy sand Hygersulfldlc Med
LFc12-B.3 c 32-63 1 1 1 3 Hypersulfidic sandy clay loam C|S: 22::?325) edium
LFc12-B.4 c 63-76 1 1 1 3 Hypersulfidic clay 4 Y.
LFd12-B.1 d 0-10 0 0 1 1 Sand Hypersulfidic
LFd12-B.2 d 10-26 0 1 1 2 Hypersulfidic loamy sand Szga s Vedium
LFd12-B.3 d 26-35 1 1 1 3 Hypersulfidic loamy sand cla Sg” (clay)
LFd12-B.4 d 35-70 1 1 1 3 Hypersulfidic clay 4 Y.
LFel2-B.1 e 0-10 0 1 1 2 Hypersufilidic sand Hypersulfidic
LFel2-B.3 e 12-38 0 1 0 1 Hypersufilidic medium clay szt‘:a Leous Medium
LFel2-B.4 e 38-60 1 1 1 3 Hypersufilidic loamy sand clay sgil (clay)
LFel2-B.5 e 60-74 1 1 1 3 Hypersufilidic sandy clay loam
LFf12-B.1 f 0-9 0 0 1 1 Hyposulfidic loamy sand

Hypersufilidic organic loamy

LFf12-8.2 f 9-15 0 1 1 2 clay Hypersulfidic
LFf12-B.3 f 15-30 0 0 1 1 Hyposulfidic loamy sand subaqueous Medium
LFf12-B.4 f 30-43 0 1 0 1 Loamy sand soil (sand)
LFf12-B.5 f 43-67 1 1 1 3 Hypersufilidic loamy sand
LFf12-B.6 f 67-84 1 1 1 3 Hypersufilidic sandy clay loam
LF12-C
LFal12-C.1 a 0-0.5 0 1 1 2* Sulfuric crust
LFal2-C.2 a 0.5-10 0 1 1 2% Sulfuric sand Sulfuric soil
LFal2-C.3 a 10-40 0 1 1 2% Sulfuric sand d High
LFa12-C.4 a 40-60 0 1 1 2 Sulfuric sand (sand)
LFal2-C.5 a 60-80 0 1 1 2 Hypersulfidic sand
LFb12-C.1 b 0-10 0 1 1 2% Sulfuric sand
LFb12-C.2 b 10-23 0 1 1 2* Sulfuric sand Sulfuric soil
LFb12-C.3 b 23-36 0 1 1 2% Sulfuric sand (sand) High
LFb12-C.4 b 36-48 1 1 1 3* Sulfuric loamy sand
LFb12-C.5 b 48-80 1 1 1 3 Hypersulfidic loamy sand
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LFc12-C.1 c 0-11 0 1 1 2 Loamy sand Hypersulfidic

LFc12-C.2 c 11-36 1 1 1 3 Loamy sand

LFc12-C.3 c 36-50 1 1 1 3 Hypersulfidic loamy sand s;l(l))ilal(]suaenodu)s Medium
LFc12-C.4 c 50-66 1 1 1 3 Hypersulfidic loamy sand

LFd12-C.1 d 0-12 1 1 1 3 Hypersulfidic loamy sand -

LFd12-C.2 d 12-34 1 1 1 3 Loamy sand gﬂggriﬂgﬂf High
LFd12-C.3 d 34-50 1 1 1 3 Hypersulfidic loamy sand soil l(]sand) 9
LFd12-C.4 d 50-64 1 1 1 3 Hypersulfidic loamy sand

LFel2-C.1 e 0-13 0 1 0 1 Loamy sand Hypersulfidic

LFel2-C.2 e 13-32 0 1 1 2 Loamy sand subaqueous Medium
LFel2-C.3 e 32-45 0 1 1 Loamy sand soil (sand)

LFf12-C.1 f 0-10 0 1 1 2 Loamy sand Hypersulfidic

LFf12-C.2 f 10-40 1 1 1 3 Loamy sand subaqueous Medium
LFf12-C.3 f 40-77 1 1 1 3 Hypersufilidic loamy sand soil (sand)
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Table 12-2 Summary of temporal and spatial variations and changes in ASS subtypes at each site (A, B and C). Note: (i) Cells shaded orange summarise data presented within this report, (ii) Cells shaded green represent a period of during which it is postulated that
drying occurred that resulted in the formation of Sulfuric soil at these sites (jii) all other cells are based on/extrapolated from data presented in Fitzpatrick et al. (2010a; 2008a; 2008b; 2009b; 2008c) and (iii) cells bordered in blue indicate subaqueous conditions

Postulated
Loveday Pre-drought period of drying Drought Drought End 2L Post drought Post drought eSO i Post-drgught
) . End summer ; start summer start winter
Bay Winter 2007 between Summer 2009 winter 2009 2010 Summer 2011 Winter 2011 2011/12 2011/12 Summary
Sites (hy) summer 2007 (h2) (@ (b) © @ (e) ()
summer 2009
1 P _— ; ) - Hypersulfidic Hypersulfidic Hypersulfidic During the extreme drought period (2007 to 2009) the drying of Loveday Bay (postulated to have occurred between
zi?jsr:gi:'gn & SHZE;?JL;TS;C(H) Sulfuric (H) ?LTE;(;IL(I:GOUS *H) sslzjllaf:rltfeous ) Sulfuric* (H) ggg;;iilélgéc(H) subaqueous subaqueous subaqueous summer 2007 and summer 2009) caused Hypersulfidic subaqueous soil to transform to Sulfuric soil. Subsequent
LF12-A q clay (H) clay (H) clay (H) rewetting resulted in this Sulfuric soil transforming to Sulfuric subaqueous soil overlain by acidic water. A second
Dominant water : . ; ) ) ’ : ’ ) period of drying resulted in this material transforming to Sulfuric soil. Inundation, following winter 2010, caused the
and ASS process UW & Sulfide LW & Sulfuric RW & Sulfuric UW & Sulfuric LW & Sulfuric RW & Sulfide UW & Sulfide UW & Sulfide UW & Sulfide formation of Hypersulfidic subagueous soil.
1 I _— _— - _— - Hypersulfidic Hypersulfidic Hypersulfidic Hypersulfidic During the extreme drought period (2007 to 2009) the drying of Loveday Bay (postulated to have occurred between
zi?jsr:gi:'gn & SHZESATQSL?;C(M) z—ll\x)persulfldlc ngEae;iLélchISéc(M) ?ggzriilélgslc(w ;-I’\X)persulfldlc subaqueous subaqueous subaqueous subaqueous summer 2007 and summer 2009) caused Hypersulfidic subaqueous soil to transform to Hypersulfidic soil. Subsequent
LF12-B q clay (M) clay (M) clay (M) clay (M) rewetting resulted in this Hypersulfidic soil transforming to Hypersulfidic subaqueous soil overlain by acidic water. A
Dominant water : ’ ) : ’ ’ : : ’ second period of drying resulted in this material transforming to Hypersulfidic soil. Inundation, following winter 2010,
and ASS process UW & Sulfide LW & Sulfide RW & Sulfide UW & Sulfide LW & Sulfide RW & Sulfide UW & Sulfide UW & Sulfide UW & Sulfide caused the formation of Hypersulfidic subaqueous soil.
Classification & Hypersulfidic . . - . Hypersulfidic Hypersulfidic Hypersulfidic Hypersulfidic
LE12-C ?Acid hazard subaqueous (H) e Sulturic (H) S () S () subaqueous (M) subaqueous (H) subaqueous (M) subaqueous (M) During the extreme drought period (2007 to 2009) the drying of Loveday Bay caused Hypersulfidic subagueous soil to
Dominant water UW & Sulfide LW & Sulfuric LW & Sulfuric LW & Sulfuric LW & Sulfuric RW & Sulfide UW & Sulfide UW & Sulfide UW & Sulfide transform to Sulfuric soil. Inundation, following winter 2010, caused the formation of Hypersulfidic subaqueous soil.

and ASS process

Classification — Acid Sulfate Soil subtype classification
2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low
Dominant Water process

LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation

UW - Unchanged water regime, which had not yet evaporated to expose soil to air

RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping, regulator

installation, river flow and groundwater)

RF — Rain fall rewetting and natural reflooding to inundate and saturate soils

Dominant ASS — process
Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions to

form sulfuric material

Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia

Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)
Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material
Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material
Leach — Leaching of acid from soil by winter rain fall
Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default
Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red
Where h; to hz = historical sampling; (a) — (b) sampling conducted in this project
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13. LF13 -TAUWITCHERE

Summary

Overall, soil at Tauwitcherie was considered to pose a low acidification hazard.

During drought conditions, profiles collected in the reeds were classified as sulfuric soil with
high acidification hazard ratings. Following reflooding, in October 2010, the net acidity of
surface sediments changed from positive to negative and soil material transformed from sulfuric
to hyposulfidic subaqueous. This may be the result of the extreme heterogeneity of the reed bed
(i.e. distribution of organic matter) or flushing of acidity (H") from surface sediments and/or the
onset of reducing conditions and subsequent sulfate reduction.
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13.1Background

Study area LF13 was located at the southern extent of Lake Alexandrina, on the northern side of the
Tauwitchere Barrage (Figure 1-1). As part of this study, sampling was carried out in December 2011 and
June 2012 (Samplings-e/f). Previous samplings were undertaken in May and June 2011 (Sampling-d),
January and February 2011 (Sampling-c), March 2010 (Sampling-b) and November 2009 (Sampling-a).
Additionally, data from historic sampling (Sampling-h;), carried out in February 2008, were reassessed as
part of this study. Sampling site locations are displayed in Figure 13-1.
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Figure 13-1 Sample location map. Aerial photograph taken in March 2008 (Orange line: sampling-a & b
water level, Blue line: sampling-c, d, e & f water level)

At the time of Sampling-c/d/e, the lake level had risen to approximately 0.65 m AHD respectively and the
study area had been completely re-flooded (Figure 13-1: Figure 13-2). Prior to this, at the time of the
historic sampling in February 2008 (Sampling-h,), the lake level was low and the study area to the north
of the Tauwitchere Barrage comprised a reed bed and an area of dry, desiccated lakebed (Figure 13-2).
By November 2009 (Sampling-a) the lakebed around the reed bed had been revegetated (Figure 13-2).
No significant changes were noted in March 2010 (Sampling-b).
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Figure 13-2 Site photographs. Refer to Figure 13-1 for the location and direction that photographs were taken, indicated by a, 8 or y (photographs were selected that

best depicted the environmental conditions at the study area during each sampling)
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13.2Soils

Soils at Tauwitchere generally comprised sulfuric sand hyposulfidic sand. A summary of encountered
soils is provided below and site locations are presented in Figure 13-1. Detailed profile descriptions are
presented in Appendix 4 and Appendix 8. Profile photographs are presented in Appendix 5.

LF13-A

During previous studies, when the study area was dry, profiles were collected at this site on three
occasions (Samplings-h,/a/b). The historic sampling encountered a 1 cm thick pale grey crust (possibly
dried MBO). Underlying this, to a depth of 10 cm, was a peaty root mat with inclusions of grey clay.
From 10 to 25 cm was peaty grey clay. Underlying this, to a depth of 40 cm, was yellow grey saturated
sand with many live roots. This was underlain, to the maximum extent of investigation (60 cm), by dark
grey sand. Sampling-a encountered 13 cm of grey fibric silty clay root mat with yellow jarosite mottles.
Underlying this, to a depth of 18 cm, was brownish grey loamy sand with jarosite mottles. Underlying
this, to the maximum extent of investigation (50 cm), was grey loamy sand with shell fragments and
coarse roots. Sampling-b encountered 12 cm of grey fibric silty clay root mat with red brown mottles.
Underlying this, to a depth of 20 cm, was brown loamy sand with common fine roots. Underlying this, to
the maximum extent of investigation (50 cm), was grey sand with shell fragments and coarse roots.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 10 and
12 cm of black fibric peat with bands of black sand and many roots. This was underlain, to depths of 35
and 36 cm, by grey silty, loamy sand with prominent black mottles, common roots and common shell
fragments. Underlying this, to a depth of 50 cm, was grey sand with shell fragments and coarse roots.

As part of this study, a UWS was used to collect subaqueous soil profiles (Samplings-e). The
investigations encountered 12 to 13 cm of black monosulfidic fibric peaty material with coarse and fine
phragmites roots. This was underlain, to depths of 22 to 31 cm, by dark to very dark grey loamy sand
with black mottles, phragmites roots and shell fragments in Sampling-e. Underlying this, to depths of 40
to 47 cm, was dark grey loamy sand with common shell fragments. This was underlain, to the maximum
extent of investigation (50 and 65 cm), by dark to dark grey sandy clay loam with few shell fragments.

13.3Soil acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3. Acid-
base accounting and pH data (pHox, pHinc & pHw), for each soil layer, are presented in Figure
13-3. These data were used to inform the acidification hazard assessment that is presented in
Table 13-1.
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Figure 13-3 pH and acid-base accounting data plotted against depth for each profile collected
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13.4Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil
sample collected, according to the definitions and methods presented in Section 1.3 and Section
2.4 respectively. A summary of acidification potential and ASS material classification is
presented in Table 13-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil
profile collected. ASS subtype classification was achieved using the methods described in
Appendix 2. Acidification hazard assessment was based on: (i) landscape position (Figure
13-1), (ii) soil morphology (Section 13.2), (iii) acid-base accounting (Figure 13-3), (iv) pH data
(Figure 13-3), (v) acidification potential (Table 13-1) and (vi) ASS material and subtype
classification (Table 13-1). Acidification hazard categories were: (i) very low, (ii) low, (iii)
medium and (iv) high. A summary of ASS subtype classification and acidification hazard for
each profile collected between February 2008 and June 2012 is presented in Table 13-1.

Soil profiles at Tauwitcherie generally comprised hyposulfidic and sulfuric soil with very low to
high acidification hazard ratings (Table 13-1). During drought conditions, profiles collected in
the reeds (LF13-A; Figure 13-1) were classified as sulfuric soil with high acidification hazard
ratings (Table 13-1). The upper portion of the profiles (above 20 cm) generally had positive net
acidity, little or no ANC, moderate TAA, Scg and RA and medium to high acidification
potential (Figure 13-3; Table 13-1). The lower portion of the profiles had negative net acidity,
very high levels of ANC, low TAA and Scr and very low acidification potential (Figure 13-3;
Table 13-1). Following reflooding, in October 2010, the net acidity of surface sediments
changed from positive to negative and soil material transformed from sulfuric to hyposulfidic
subaqueous (Figure 13-3). This may be the result of the extreme heterogeneity of the reed bed
(i.e. distribution of organic matter) or flushing of acidity (H") from surface sediments and/or the
onset of reducing conditions and subsequent sulfate reduction.

Overall, soil at Tauwitcherie was considered to pose a low acidification hazard.
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Table 13-1 Summary of acidification potential, ASS material classification, ASS subtype classification and
acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

. Depth pHox pHine NA Acidification . I ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential ASS material classification classification hazard
LF13-A
AA 33.2 hy 1-10 1 1 1 3* Sulfuric peat
AA33.3 hy 10-25 1 1 1 3* Sulfuric clay Sulfuric clay soil High
AA33.4 hy 25-40 1 1 1 3* Sulfuric sand (sand) 9
AA 335 hy 40-60 0 0 0 0 Hyposulfidic sand
LFal3-A.1 a 0-13 0 1 1 2* Sulfuric silty clay Sulfuric soil
LFal3-A.2 a 13-18 1 1 1 3* Sulfuric loamy sand (sand) High
LFal13-A.3 a 18-50 1 0 0 1 Hyposulfidic loamy sand
LFb13-A.1 b 0-12 1 1 1 3* Sulfuric silty heavy clay Sulfuric soil
LFb13-A.2 b 12-20 1 0 0 1* Sulfuric loamy sand (sand) High
LFb13-A.3 b 20-50 0 0 0 0 Hyposulfidic loamy sand
LFc13-A1 c 0-10 0 0 0 0 Hyposulfidic fibric peat Hyposulfidic
LFc13-A.2 c 10-35 0 0 0 0 Hyposulfidic silty sand subaqueous soil Low
LFc13-A.3 c 35-50 0 0 0 0 Hyposulfidic silty sand (sand)
LFd13-A.1 d 0-12 0 0 0 0 Hyposulfidic peaty sand Hyposulfidic
LFd13-A.2 d 12-36 0 0 0 0 Hyposulfidic loamy sand subaqueous soil Low
LFd13-A.3 d 36-50 0 0 0 0 Hyposulfidic sandy loam (sand)
LFel3-A.2 e 0-13 0 1 0 1 Hypersufilidic fibric peat Hyposulfidic
LFel3-A.3 e 13-31 0 0 0 0 Hyposulfidic loamy sand subgpueous soil Low
LFel3-A4 e 31-47 0 0 0 0 Hyposulfidic loamy sand ((]sand)
LFel3-A.5 e 47-65 0 0 0 0 Hyposulfidic sandy clay loam
LFf13-A.1 f 0-12 0 1 1 2 Hypersufilidic fibric peat Hypersulfidic
LFf13-A.2 f 12-22 0 1 0 1 Hypersufilidic loamy sand subaqueous Low
LFf13-A.3 f 22-40 0 0 0 0 Hyposulfidic loamy sand organic soil
LFf13-A.4 f 40-50 0 0 0 0 Hyposulfidic loamy sand (sand)
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Table 13-2 Summary of temporal and spatial variations and changes in ASS subtypes. Note: (i) Cells shaded orange summarise data presented within this report, (ii) all other cells are based on/extrapolated from data presented in Fitzpatrick et al. (2008a; 2008b; 2009b;

2008c) and (iii) cells bordered in blue indicate subaqueous

Drought Drought Drought Post drought Post drought Post-drought Post-drought
Tauwitchere Sites Summer 2008 End winter 2009 End summer 2010 Summer 2011 Winter 2011 start summer 2011/12 start winter 2011/12 Summary
(hy) @ (b) ©) (d) (€) ()
Classification & ) . i Hyposulfidic Hyposulfidic Hyposulfidic Hypersulfidic
LF13-A ®Acid hazard Sulfuric clay (H) Sulfuric® (H) Sulfuric* (H) subaqueous (L) subaqueous (L) subaqueous (L) subaqueous (L) During the extreme drought period (2007 to 2009) soil remained Sulfuric. Inundation, following winter 2010,
22’;"32)”;6";’?6’ and LW & Sulfuric LW & Sulfuric LW & Sulfuric RW & Sulfide UW & Sulfide UW & Sulfide UW & Sulfide caused the formation of Hypersulfidic and Hyposuifidic subaqueous soil.

*Classification — Acid Sulfate Soil subtype classification

2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low

Dominant Water process

LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation

UW - Unchanged water regime, which had not yet evaporated to expose soil to air

RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping, regulator
installation, river flow and groundwater)

RF — Rain fall rewetting and natural reflooding to inundate and saturate soils

Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia

Dominant ASS — process
Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions to

form sulfuric material

Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)
Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material

Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material
Leach — Leaching of acid from soil by winter rain fall
Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default
Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red

Where h; to hz = historical sampling; (a) — (b) sampling conducted in this project
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14. LF15-BOGGY CREEK

Summary

Overall, soil at Boggy Creek was considered to pose a high acidification hazard.

Profiles collected within the dry creek bed were classified as sulfuric and hypersulfidic clay soil with high
acidification hazard ratings. During drought conditions, the upper portion of each profile (above 35 to 45
cm) comprised sulfuric soil with moderate to high net acidity and no ANC. Following reflooding, in
September 2010, there was a significant decrease of acidity in surface sediments that was most likely
caused by surface water flushing. As a result, these profiles transformed from sulfuric to hypersulfidic
subaqueous. It should be noted that the acidification hazard of these soil materials remained high.
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14.1Background

Study area LF15 was located in Boggy Creek, a tributary of Holmes Creek that forms the eastern
boundary of Hindmarsh Island (Figure 1-1). As part of this study, sampling was carried out in November
2011 and June 2012 (Samplings-e/f). Previous samplings were undertaken in May and June 2011
(Sampling-d), January and February 2011 (Sampling-c), March 2010 (Sampling-b) and November 2009
(Sampling-a). Additionally, data from historic sampling (Sampling-h;), carried out in July 2009, were
reassessed as part of this study. Sampling site locations are displayed in Figure 14-1.
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Figure 14-1 Sample location map. Aerial photograph taken in March 2008 (Orange line: sampling-a & b
water level, Blue line: sampling-c, d, e & f water level). Red line indicates cross section presented in
Section 22.5

At the time of Samplings-c/d/e, the lake level had risen to approximately 0.75 m AHD and Boggy Creek
had completely refilled (Figure 14-1: Figure 14-2). Prior to this, the study area comprised a dried creek
bed with a mixture of rushes and mixed grasses along the banks and was bounded by open fields (Figure
14-1). At the time of the historic sampling (Sampling-h;) in July 2009, the creek bed was moist in places
and ponded water was noted upstream of the study area (Figure 14-2). In October 2009 and March 2010
(Samplings-a/b) the creek was completely dry and there was no evidence of ponded water. No other
significant changes were noted in the study area during the monitoring period.
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Figure 14-2 Site photographs. Refer to Figure 14-1 for the location and direction that photographs were taken, indicated by a or 8 (photographs were selected that best
depicted the environmental conditions at the study area during each sampling)
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14.2S oils

Soils at Boggy Creek generally comprised: (i) LF15-A: hyposulfidic clay, (ii) LF15-B: sulfuric and
hypersulfidic sand over hyposulfidic sand and (iii) LF15-C: sulfuric and hypersulfidic clay. A summary
of encountered soils is provided below and site locations are presented in Figure 14-1. Detailed profile
descriptions are presented in Appendix 4 and Appendix 8. Profile photographs are presented in Appendix
5.

LF15-B

During previous studies, when the study area was dry, profiles were collected at this site on three
occasions (Samplings-hi/a/b). The historic sampling encountered 3 cm of black fine sandy clay loam
with algae on surface and MBO in cracks. Underlying this, to a depth of 15 cm, was greyish brown sandy
clay loam. Between 15 and 20 cm was dark greyish brown fine sandy clay, which was underlain, to a
depth of 30 cm, by light olive grey light clay with yellow mottles. From 30 to 38 cm was greyish brown
light clay with yellow mottles. This was underlain, to a depth of 80cm, by grey fine clayey sand with
clay lenses. From 80 to 100 cm was olive grey fine clayey sand with few large shells, calcrete fragments
and clay lenses. This was underlain, to the maximum extent of investigation (180 c¢cm), by grey fine
clayey sand with few large shell fragments and clay lenses. Sampling-a encountered 5 cm of fluffy
brown sandy clay, which was underlain, to a depth of 20 cm, by light brown sand with lenses of soft grey
sandy clay. From 20 to 25 cm was grey sandy clay with light yellow mottles associated with root voids
that were infilled with sand. Underlying this, was light brown sandy clay with red orange mottles
associated with root voids. This was underlain, to the maximum extent of investigation (70 cm), by grey
clayey sand. Sampling-b encountered 5 cm of fluffy brown sandy clay, which was underlain, to a depth
of 15 cm, by greyish brown sand with some darker and lighter mottles. Between 15 and 20 cm was grey
brown sandy clay with pale yellow mottles. Underlying this, to a depth of 30 cm, was greyish brown
sandy clay with pale yellow jarosite mottles and bluish grey mottles and red coarse mottles in root
channels. Between 30 and 45 cm was grey to dark grey sandy loam with distinct yellow brown and olive
mottles. This was underlain, to the maximum extent of investigation (70 cm), was blueish grey sandy
clay with large diffuse black mottles and paler grey filled root channels.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 6 and 10 cm of black organic
sand. This was underlain, to depths of 12 and 20 cm, by grey loamy sand with 10 % pale yellow mottles.
Underlying this, to depths of 24 and 35 cm, was dark grey to grey sandy clay loam with 30 % distinct
pale yellow mottles especially along old root channels. Underlying this, to depths of 60 and 55 cm, was
dark grey sandy clay loam. Shell fragments and yellow mottles were noted during Sampling-c.
Underlying this, to the maximum extent of investigation (80 and 68 cm), was dark grey sandy clay. Shell
fragments were noted during Sampling-c but not during Sampling-d.

As part of this study, a UWS was used to collect subaqueous soil profiles (Samplings-e/f). Sampling-e
encountered 7 cm of black sandy MBO gel. This was underlain, to a depth of 14 cm, by grey loamy sand
with diffuse jarosite mottles. Underlying this, to a depth of 32 cm, was dark grey sandy loam with
prominent jarosite mottles associated with root channels. This was underlain, to a depth of 39 cm, by
dark grey sandy clay with diffuse yellow-brown mottles. This was underlain, to the maximum extent of
investigation (84 cm), by dark grey sandy clay with fine shell fragments. Sampling-f encountered 2 cm
of black monosulfidic sapric peat. This was underlain, to a depth of 12 cm, by dark grey loamy sand.
Underlying this, to a depth of 27 cm, was olive grey sandy loam with prominent pale yellow jarosite
mottles. This was underlain, to a depth of 54 cm, by dark grey sandy clay. Underlying this, to the
maximum extent of investigation (82 cm), was dark grey sandy clay with clayey lenses.
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LF15-C

During previous studies, profiles were collected at this site on two separate sampling occasions
(Samplings-a/b). Sampling-a encountered 0.3 cm of white salt efflorescence, which was underlain, to a
depth of 10 cm, by soft brown sandy clay with yellow and orange mottles. Between 10 and 20 cm was
dark grey sand with fine to medium sand in root voids. Underlying this, to a depth of 30 cm, was grey
clayey sand with few cracks infilled with light brown sandy clay with red brown centres. This was
underlain, to the maximum extent of investigation (70 cm), by grey sandy clay. Sampling-b encountered
10 cm of grey brown sandy clay with coatings of gypsum and jarosite. This was underlain, to a depth of
20 cm, by brownish grey to grey heavy clay with pale yellow jarosite mottles associated with root
channels and ped faces. Between 20 and 35 cm was pale brown sandy clay with diffuse yellow jarosite
mottles and brownish red coatings on vertical ped faces. Underlying this, to a depth of 60 cm, was
blueish grey sandy clay with yellow and pale brownish red mottles. This was underlain, to the maximum
extent of investigation (70 cm), by grey sandy clay with small shell fragments.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 5 cm of black sandy clay.
This was underlain, to a depth of 20 cm, by light olive grey clay with diffuse yellow mottles. Underlying
this, to a depth of 38 cm, was grey clay with diffuse yellow mottles. Underlying this, to the maximum
extent of investigation (70 cm), was dark grey sandy clay. Shell fragments were noted during Sampling-c
but not during Sampling-d.

As part of this study, a UWS was used to collect subaqueous soil profiles (Samplings-e/f). Sampling-e
encountered 14 cm of black sandy gel. This was underlain, to a depth of 34 cm, by light olive grey
medium clay with distinct yellow mottles. Underlying this, to a depth of 60 cm, was grey heavy clay
with prominent yellow and brownish yellow mottles. This was underlain, to the maximum extent of
investigation (95 cm), by dark grey sandy clay with fine to medium shell fragments. Sampling-f
encountered 8 cm of black heavy clay. This was underlain, to a depth of 17 cm, by light olive grey clay
with diffuse yellow mottles. Underlying this, to a depth of 35 cm, was dark grey heavy clay with light
olive grey mottles. This was underlain, to a depth of 62 cm, was dark grey to greenish grey sandy clay
with few shell fragments. Underlying this, to the maximum extent of investigation (80 cm), was dark
grey sandy clay with fine to medium shell fragments.

14.3Soil acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3. Acid-base
accounting and pH data (pHox, pHine & pHw), for each soil layer, are presented in Figure 14-3. These
data were used to inform the acidification hazard assessment that is presented in Table 14-1.
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Figure 14-3 pH and acid-base accounting data plotted against depth for each profile collected
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14.4 Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil sample
collected, according to the definitions and methods presented in Section 1.3 and Section 2.4 respectively.
A summary of acidification potential and ASS material classification is presented in Table 14-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil profile
collected. ASS subtype classification was achieved using the methods described in Appendix 2.
Acidification hazard assessment was based on: (i) landscape position (Figure 14-1), (ii) soil morphology
(Section 14.2), (iii) acid-base accounting (Figure 14-3) (iv) pH data (Figure 14-3), (v) acidification
potential (Table 14-1) and (vi) ASS material and subtype classification (Table 14-1). Acidification
hazard categories were: (i) very low, (ii) low, (iii) medium and (iv) high. A summary of ASS subtype
classification and acidification hazard for each profile collected between July 2009 and June 2012 is
presented in Table 14-1.

Soil profiles at Boggy Creek comprised hyposulfidic, hypersulfidic and sulfuric soil with low to high
acidification hazard ratings (Table 14-1).

Profiles collected within the dry creek bed (LF15-B and LF15-C; Figure 14-1) were classified as sulfuric
and hypersulfidic clay soil with high acidification hazard ratings (Table 14-1). During drought
conditions, the upper portion of each profile (above 35 to 45 cm) comprised sulfuric soil with moderate to
high net acidity and no ANC (Table 14-1). Acidity comprised a combination of RA, Scg and TAA
(Figure 14-3). At depth, soil profiles generally comprised hyposulfidic clayey sand with negative net
acidity, high levels of ANC and moderate levels of TAA and Scr (Figure 14-3; Table 14-1). Following
reflooding, in September 2010, there was a significant decrease of acidity in surface sediments that was
most likely caused by surface water flushing (Figure 14-3). As a result, these profiles transformed from
sulfuric to hypersulfidic subaqueous (Table 14-2). It should be noted that the acidification hazard of
these soil materials remained high (Table 14-1).

Overall, soil at Boggy Creek was considered to pose a high acidification hazard.
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Table 14-1 Summary of acidification potential, ASS material classification, ASS subtype classification and
acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

. Depth pHox pHine NA Acidification . I ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential ASS material classification classification hazard
LF15-B
BCM 1.1 hy 0-3 1 1 1 3 Hypersulfidic sandy clay loam
BCM 1.2 hy 3-15 1 1 1 3* Sulfuric sandy clay loam
BCM 1.3 hy 15-20 1 1 1 3* Sulfuric sandy clay loam
BCM 1.4 hy 20-30 1 1 1 3* Sulfuric light clay
BCM 1.5 hy 30-38 1 1 1 3* Sulfuric light clay Sulfuric clay High
BCM 1.6 hy 38-50 0 0 0 0 Hyposulfidic clayey sand soil (sand)
BCM 1.7 hy 50-60 0 0 0 0 Hyposulfidic clayey sand
BCM 1.8 hy 60-80 0 0 0 0 Hyposulfidic clayey sand
BCM 1.9 hy 80-100 0 0 0 0 Hyposulfidic clayey sand
BCM 1.10 hy 100-160 0 0 0 0 Hyposulfidic clayey sand
LFal5-B.1 a 0-5 1 1 1 3* Sulfuric sandy clay
LFal5-B.2 a 5-20 1 1 1 3* Sulfuric sandy clay Sulfuric clay
LFal5-B.3 a 20-25 1 1 1 3* Sulfuric sandy clay soil (clay) High
LFal5-B.4 a 25-35 1 1 1 3* Sulfuric sandy clay
LFal5-B.5 a 35-70 0 0 0 0 Hyposulfidic clayey sand
LFb15-B.1 b 0-5 1 1 1 3* Sulfuric loam
LFb15-B.2 b 5-15 1 1 1 3* Sulfuric sand
LFb15-B.3 b 15-20 1 1 1 3* Sulfuric sandy clay Sulfuric clay High
LFb15-B.4 b 20-30 1 1 1 3* Sulfuric sandy clay soil (clay)
LFb15-B.5 b 30-45 1 1 1 3* Sulfuric sandy loam
LFb15-B.6 b 45-70 0 0 0 0 Hyposulfidic sandy clay
LFc15-B.1 c 0-6 1 0 1 2 Hyposulfidic sand
LFc15-B.2 c 6-12 1 1 1 3 Hypersulfidic sand Hypersulfidic
LFc15-B.3 c 12-24 1 1 0 2 Hypersulfidic sandy clay subaqueous High
LFc15-B.4 c 24-60 0 0 0 0 Hyposulfidic sandy loam clay soil (clay)
LFc15-B.5 c 60-80 0 0 1 1 Hyposulfidic sandy clay
LFd15-B.1 d 0-6 1 1 1 3 Hypersulfidic sandy gel
LFd15-B.2 d 6-12 1 1 1 3 Hypersulfidic loamy sand Hypersulfidic
LFd15-B.3 d 12-24 1 1 1 3 Hypersulfidic sandy loam subaqueous High
LFd15-B.4 d 24-60 0 0 0 0 Hyposulfidic sandy clay clay soil (clay)
LFd15-B.5 d 60-80 0 0 0 0 Hyposulfidic sandy clay
LFel5-B.1 e 0-7 0 1 1 2 Hypersufilidic gel Hypersulfidic
LFel5-B.3 e 14-32 0 1 1 2 Hypersufilidic sandy loam subaqueous Medium
LFel5-B.5 e 39-60 0 0 0 0 Hyposulfidic sandy loam clay soil (clay)
LFel5-B.6 e 60-84 0 0 0 0 Hyposulfidic sandy 4 Y.
LFf15-B.2 f 2-12 0 1 1 2 Hypersufilidic loamy sand Hypersulfidic
LFf15-B.3 f 12-27 0 1 1 2 Hypersufilidic sandy loam subaguUeous Medium
LFf15-B.4 f 27-54 0 0 0 0 Hyposulfidic sandy clay soilcéclay)
LFf15-B.5 f 54-82 0 0 0 0 Hyposulfidic sandy clay
LF15-C
LFal5-C.1 a 0.3-10 1 1 1 3* Sulfuric sandy clay
LFal5-C.2 a 10-20 1 1 1 3* Sulfuric sandy clay Sulfuric clay High
LFal5-C.3 a 20-30 1 1 1 3* Sulfuric clayey sand soil (clay)
LFal5-C.4 a 30-70 0 1 1 2 Hypersulfidic sandy clay
LFb15-C.1 b 0-10 1 1 1 3* Sulfuric sandy clay
LFb15-C.2 b 10-20 1 1 1 3* Sulfuric heavy clay Sulfuric clay
LFb15-C.3 b 20-35 1 1 1 3* Sulfuric sandy clay sail (clay) High
LFb15-C.4 b 35-60 1 1 1 3 Hypersulfidic sandy clay Y.
LFb15-C.5 b 30-70 0 0 0 0 Hyposulfidic sandy clay
LFc15-C.1 c 0-5 1 1 1 3 Hypersulfidic sandy clay
LFc15-C.2 c 5-20 1 1 1 3 Hypersulfidic clay Hypersulfidic
LFc15-C.3 c 20-38 1 1 0 2 Hypersulfidic clay subaqueous High
LFc15-C.4 c 38-60 0 0 0 0 Hyposulfidic sandy clay clay soil (clay)
LFc15-C.5 c 60-70 0 0 1 1 Hyposulfidic sandy clay
LFd15-C.1 d 0-5 1 1 1 3 Hypersulfidic sandy gel
LFd15-C.2 d 5-20 1 1 1 3 Hypersulfidic clay Hypersulfidic
LFd15-C.3 d 20-38 0 0 1 1 Hyposulfidic clay subaqueous High
LFd15-C.4 d 38-60 0 0 0 0 Hyposulfidic sandy clay clay soil (clay)
LFd15-C.5 d 60-70 0 0 0 0 Hyposulfidic sandy clay
LFel5-C.1 e 0-14 0 1 1 2 Hypersufilidic sandy gel Hypersulfidic
LFel5-C.2 e 14-34 1 1 1 3 Hypersufilidic medium clay szga ueous High
LFel5-C.3 e 34-60 0 0 1 1 Hyposulfidic heavy clay clay sgil (clay)
LFel5-C.4 e 60-95 0 0 0 0 Hyposulfidic sandy clay
LFf15-C.1 f 0-8 0 1 1 2 Hypersufilidic heavy clay
LFf15-C.2 f 8-17 1 1 1 3 Hypersufilidic clay Hypersulfidic
LFf15-C.3 f 17-35 0 1 1 2 Hypersufilidic heavy clay subaqueous High
LFf15-C.4 f 35-62 0 0 0 0 Hyposulfidic sandy clay clay soil (clay)
LFf15-C.5 f 62-80 0 0 0 0 Hyposulfidic sandy clay
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Table 14-2 Summary of temporal and spatial variations and changes in ASS subtypes at each site (B and C). Note: (i) Cells shaded orange summarise data presented within this report, (ii) all other cells are based on/extrapolated from data presented in Fitzpatrick et al.
(2008a; 2008b; 2009b; 2008c) and (iii) cells bordered in blue indicate subaqueous

Drought Drought Drought Post drought Post drought Post-drought Post-drought
Boggy Creek Sites Winter 2009 End winter 2009 End summer 2010 Summer 2011 Winter 2011 start summer 2011/12 start winter 2011/12 Summary
(hy) @ (b) © (d) (€) ()

LF15-B

LF15-C

!Classification &
2Acid hazard

Dominant water and
ASS process

!Classification &
2Acid hazard

Dominant water and

Sulfuric clay (H)

LW & Sulfuric

Sulfuric clay (H)

LW & Sulfuric

Sulfuric* clay (H)

LW & Sulfuric

Sulfuric* clay (H)

LW & Sulfuric

Sulfuric* clay (H)

LW & Sulfuric

Sulfuric* clay (H)

LW & Sulfuric

Hypersulfidic
subaqueous clay

(H)
RW & Sulfide

Hypersulfidic
subaqueous clay

(H)
UW & Sulfide

Hypersulfidic
subaqueous clay (M)

UW & Sulfide

Hypersulfidic
subaqueous clay (M)

UW & Sulfide

Hypersulfidic
subaqueous clay

(H)
RW & Sulfide

Hypersulfidic
subaqueous clay

(H)
UW & Sulfide

Hypersulfidic
subaqueous clay (H)

UW & Sulfide

Hypersulfidic
subaqueous clay (H)

UW & Sulfide

ASS process

During the extreme drought period (2007 to 2009) soil remained Sulfuric. Inundation, following winter 2010, encouraged
sulfate reduction and caused the formation of Hypersulfidic subaqueous clays.

During the extreme drought period (2007 to 2009) soil remained Sulfuric. Inundation, following winter 2010, encouraged
sulfate reduction and caused the formation of Hypersulfidic subaqueous clays.

*Classification — Acid Sulfate Soil subtype classification

2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low

Dominant Water process

LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation

UW — Unchanged water regime, which had not yet evaporated to expose soil to air

RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping, regulator
installation, river flow and groundwater)

RF — Rain fall rewetting and natural reflooding to inundate and saturate soils

Dominant ASS — process

Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions to
form sulfuric material

Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)

Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material

Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material

Leach — Leaching of acid from soil by winter rain fall

Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default

Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red

Where h; to h; = historical sampling; (a) — (b) sampling conducted in this project
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15. LF17 - POINT STURT SOUTH

Summary

Overall, soil at Point Sturt South was considered to pose a high acidification hazard.

Profiles approximately 50 and 200 m from the shoreline were classified as sulfuric and hypersulfidic soil
with high acidification hazard ratings. Following reflooding, in September 2010, less RA and TAA was
present within near surface soil layers. At the time of Sampling-d, having been inundated for more than
nine months, soil profiles remained sulfuric. At the time of Sampling-e, having been inundated for more
than 15 months, slight increases in soil pH~(0.3 pH units), meant that these profiles had converted to
hypersulfidic. However, during Sampling-f, soils were again classified as sulfuric and these profiles were
considered to pose a high acidification hazard.
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15.1Background

Study area LF17 was located on the southern side of Point Sturt on the south western side of Lake
Alexandrina (Figure 1-1). As part of this study, sampling was carried out in December 2011 and June
2012 (Samplings-e/f). Previous samplings were undertaken in May and June 2011 (Sampling-d), January
and February 2011 (Sampling-c), March 2010 (Sampling-b) and November 2009 (Sampling-a).
Additionally, data from historic sampling (Sampling-h), carried out in July 2009, were reassessed as part
of this study. Sampling site locations are displayed in Figure 15-1.

314200 14400 14600 314800 315000 315200 IE400

ILF17 - Point Sturt South S22 8 viaron 200g]

EOT 0000
EOT 0000

EOE 5800
EOESE 00 E0E

GOESE 00

BOE 5400

1 1
314200 314480 314500 314880 35000 315200 3400

Figure 15-1 Sample location map. Aerial photograph taken in March 2008 (Orange line: sampling-a & b
water level, Blue line: sampling-c, d, e & f water level)

At the time of Sampling-c/d/e, the lake level had risen to approximately 0.6 m AHD and the
study area had been completely re-flooded (Figure 15-1: Figure 15-2). Prior to this, the study
area comprised an extensive area of beach, which extended from the pre-drought (pre 2006)
shore to the waterline, approximately 220 m south (Figure 15-1). During the sampling period,
the water level in Lake Alexandrina fluctuated between a high of -0.72 m AHD (October 2009)
and a low of -0.92 m AHD (January 2010)(MDBA 2011). The lake level had dropped from -
0.80 m AHD in November 2009 (Sampling-a) to a low of -0.95 m AHD in January 2010.
However, by March 2010 (Sampling-b) the lake level had risen back to -0.80 m AHD (MDBA
2011). In March 2010, windblown sand had accumulated on the beach and a few small sand
dunes (height < 20 cm) had formed against sparse vegetation.
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(hy) - July 2009

(a) - October 2009

(b) - March 2010

(d) - June 2011

(e) - December 2011

. — —
i‘ (f) = June 2012

Figure 15-2 Site photographs. Refer to Figure 15-1 for the location and direction that photographs were taken, indicated by a, B, y or & (photographs were selected that

best depicted the environmental conditions at the study area during each sampling)
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15.2Soils

Soils at Point Sturt South generally comprised hypersulfidic and sulfuric sand. A summary of
encountered soils is provided below and site locations are presented in Figure 15-1. Detailed profile
descriptions are presented in Appendix 4 and Appendix 8. Profile photographs are presented in Appendix
5.

LF17-A

During previous studies, profiles were collected at this site on two separate sampling occasions
(Samplings-a/b). Sampling-a encountered 15 cm of light brown sand with common yellow orange
mottles associated with roots. This was underlain, to a depth of 30 cm, by dark grey sandy clay with
common relic roots and light yellow mottles. Between 30 and 45 cm was light brown sand with lenses of
grey light medium clay and common yellow orange mottles. This was underlain, to the maximum extent
of investigation (60 cm), by grey sand with coarse relic roots and orange coatings. Sampling-b
encountered a 2 cm thick crust of light brown grey medium sand with bright yellow jarosite mottles and
red brown mottles. Underlying this, to a depth of 30 cm, was grey brown medium sand with lenses of
dark grey light clay with bright yellow and red mottles associated with clay lenses. Between 30 and 38
cm was brown grey sand with lenses of dark grey clay, jarosite mottles and red brown mottles associated
with clay lenses. Underlying this, to a depth of 58 cm, was dark grey medium clay loam with lenses of
dark grey light clay and red brown mottles associated with few relic roots. This was underlain, to the
maximum extent of investigation (68 cm), by moist, dark grey sandy clay loam with red brown mottles.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 40 and 47 cm of light brown
grading to grey brown sand with pale yellow jarosite mottles. This was underlain, to depths of 53 and 60
cm, by dark grey sandy clay loam with yellow mottles and relict roots. Underlying this, to the maximum
extent of investigation (60 and 73 cm), was dark grey to black sandy clay loam. Carbonate nodules were
encountered during Sampling-c, but not during Sampling-d.

As part of this study, a UWS and push tube were used to collect subaqueous soil profiles (Samplings-e/f).
Sampling-e encountered 10 cm of dark grey loamy sand with 30% black mottles. This was underlain, to
a depth of 16 cm, by greyish brown loamy sand with black mottles along root channels. Underlying this,
to a depth of 19 cm, was very dark greyish brown heavy clay with reed fragments. This was underlain, to
a depth of 42 cm, by greyish brown loamy sand with distinct yellow jarosite mottles. Underlying this, to
the maximum extent of investigation (48 cm), was very dark brown sapric peat. Sampling-f encountered
17 cm of dark grey loamy sand with a greyish brown oxidised surface layer. This was underlain, to a
depth of 46 cm, by greyish brown loamy sand with 15 to 30 % yellow jarosite mottles with clayey bands
and organic matter. Underlying this, to the maximum extent of investigation (80 cm), was dark grey
sandy clay and sandy loam.

LF17-B

During previous studies, when the study area was dry, profiles were collected at this site on three
occasions (Samplings-h/a/b). The historic sampling encountered 1 cm of green and white crystal, which
overlay, to a depth of 40 cm, loose light brown grey sand. Between 40 and 60 cm was very soft light grey
sand. This was underlain, to the maximum extent of investigation (160 cm), by very soft greyish brown
sandy clay. Sampling-a encountered 15 cm of light brown sand with diffuse grey mottles. This was
underlain, to a depth of 30 cm, by light brown sand with live roots and diffused yellow mottles around
root voids and red orange mottles associated with remnant roots. Between 30 and 50 cm was grey fine to
medium sand with red orange mottles along relic root channels. Underlying this, to the maximum extent
of investigation (70 cm), was grey sand with lenses of sapric material and few coarse diffuse black
mottles. Sampling-b encountered 20 cm of light grey sand with diffuse yellow mottles associated with
fine roots. Between 20 and 40 cm was grey sand with diffuse yellow jarosite mottles and few brown
mottles associated with roots. Underlying this, to a depth of 68 cm, was dark green grey sand with
distinct olive brown mottles and few dark grey clayey sand lenses. This was underlain, to the maximum
extent of investigation (90 cm), by dark green grey clayey sand with diffuse grey mottles.
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When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 25 cm of brownish grey sand
with pale yellow mottles. This was underlain, to depths 0f 50 and 52 cm, by grey to dark grey sand and
loamy sand and a few pale yellow mottles. Underlying this, to the maximum extent of investigation (68
and 72 cm), was dark grey sandy clay.

As part of this study, a UWS and push tube were used to collect subaqueous soil profiles (Samplings-e/f).
Sampling-e encountered 8 cm of light greyish brown medium sand. This was underlain, to a depth of 14
cm, by dark greyish brown medium sand with few black mottles. Underlying this, to a depth of 29 cm,
was grey sand. This was underlain, to the maximum extent of investigation (48 cm), by very dark grey
loamy sand. Sampling-f encountered 23 cm of greyish brown loamy sand. This was underlain, to a depth
of 44 cm, by greyish brown loamy sand with 5 to 10 % distinct jarosite mottles. Underlying this, to a
depth of 57 cm, was grey loamy sand. This was underlain, to the maximum extent of investigation (89
cm), by olive grey sandy clay loam and loamy sand.

15.3So0il acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3. Acid-base
accounting and pH data (pHox, pHine & pHw), for each soil layer, are presented in Figure 15-3. These
data were used to inform the acidification hazard assessment that is presented in Table 15-1.
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15.4 Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil sample
collected, according to the definitions and methods presented in Section 1.3 and Section 2.4 respectively.
A summary of acidification potential and ASS material classification is presented in Table 15-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil profile
collected. ASS subtype classification was achieved using the methods described in Appendix 2.
Acidification hazard assessment was based on: (i) landscape position (Figure 15-1), (ii) soil morphology
(Section 15.2), (iii) acid-base accounting (Figure 15-3), (iv) pH data (Figure 15-3), (v) acidification
potential (Table 15-1) and (vi) ASS material and subtype classification(Table 15-1). Acidification hazard
categories were: (i) very low, (ii) low, (iii) medium and (iv) high. A summary of ASS subtype
classification and acidification hazard for each profile collected between July 2009 and June 2012 is
presented in Table 15-1.

Soil profiles at Point Sturt South generally comprised hypersulfidic and sulfuric soil with high
acidification hazard ratings (LF17-A and LF17-B; Figure 15-1; Table 15-1). They had positive net
acidity, little or no ANC, relatively high acidity and high acidification potential (Figure 15-3; Table
15-1). At site LF17-A, during drought conditions, acidity in near surface soil layers predominantly
comprised TAA and RA with minor Scg (Figure 15-3). At site LF17-B acidity predominantly comprised
Scr in the lower half of the profile and TAA in the upper half (Figure 15-3). Following reflooding, in
September 2010, less RA and TAA was present within near surface soil layers (Figure 15-3). At the time
of Sampling-d, having been inundated for more than nine months, soil profiles remained sulfuric (Table
15-2). At the time of Sampling-e, having been inundated for more than 15 months, slight increases in soil
pH & 0.3 pH units), meant that these profiles had converted to hypersulfidic. However, during
Sampling-f, soils were again classified as sulfuric and these profiles were considered to pose a high
acidification hazard.

Overall, soil at Point Sturt South was considered to pose a high acidification hazard.
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Table 15-1 Summary of acidification potential, ASS material classification, ASS subtype classification and
acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

. Depth pHox pHine NA Acidification . I ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential ASS material classification classification hazard
LF17-A
LFal7-A.1 a 0-15 1 1 1 3* Sulfuric sand
LFal7-A.2 a 15-30 1 1 1 3* Sulfuric sandy clay Sulfuric soil High
LFal7-A.3 a 30-45 1 1 1 3* Sulfuric sand (sand)
LFal7-A.4 a 45-60 1 1 1 3 Hypersulfidic sand
LFb17-A.1 b 0-2 1 1 1 3* Sulfuric sand
LFb17-A.2 b 2-20 1 1 1 3* Sulfuric sand Sulfuric soil
LFb17-A.3 b 30-38 1 1 1 3* Sulfuric sand (sand) High
LFb17-A.4 b 38-58 1 1 1 3 Hypersulfidic clay loam
LFb17-A.5 b 58-68 1 1 1 3 Hypersulfidic sandy clay loam
LFcl17-A.2 c 2-30 0 1 1 2 Hypersulfidic sand -
LFc17-A.3 c 30-40 0 1 1 2 Hypersulfidic sand Zﬁgggﬂﬂgﬂf Vedium
LFcl17-A.4 c 40-53 0 1 1 2 Hypersulfidic clayey loam soil (sand)
LFcl17-A5 c 53-60 1 0 0 1 Hyposulfidic sandy clay loam
LFd17-A.1 d 0-20 0 0 0 0 Sandy Sulfuric
LFd17-A.2 d 20-47 1 1 1 3* Sulfuric loamy sand subaqueous High
LFd17-A.3 d 47-60 1 1 1 3 Hypersulfidic sandy clay loam soil (sand)
LFd17-A.4 d 60-73 1 1 1 3 Hypersulfidic sandy loam
LFel7-A.1 e 0-19 0 0 0 0 Loamy sand
LFel7-A.2 e 19-49 0 1 1 2 Loamy sand Hypersulfidic
LFel7-A.3 e 49-63 1 1 1 3 Hypersufilidic heavy clay subaqueous Medium
LFel7-A.4 e 63-65 0 1 0 1 Hypersufilidic loamy sand soil (sand)
LFel7-A.5 e 65-70 0 0 1 1 Hyposulfidic sapric peat
LFf17-A.1 f 0-17 0 0 1 1 Hyposulfidic loamy sand Sulfuric
LFf17-A.2 f 17-46 1 1 1 3* Sulfuric sandy clay subaqueous High
LFf17-A.3 f 46-80 1 1 1 3 Hypersufilidic sandy clay clay soil (clay)
LF17-B
PSM 1.1 hy 0-0.5 0 1 1 2% Sulfuric crystals
PSM 1.2 hy 0.5-1 1 1 1 3* Sulfuric crystals
PSM 1.3 hy 1-10 0 1 1 2* Sulfuric sand
PSM 1.4 hy 10-20 1 1 1 3* Sulfuric sand Sulfuric soil High
PSM 1.5 hy 20-30 1 1 1 3* Sulfuric sand (sand)
PSM 1.6 hy 30-40 1 1 1 3* Sulfuric sand
PSM 1.7 hy 40-50 1 1 1 3* Sulfuric sand
PSM 1.8 hy 50-60 1 1 1 3 Hypersulfidic sandy clay
LFal7-B.1 a 0-15 1 1 1 3* Sulfuric sand
LFal7-B.2 a 15-30 0 1 1 2* Sulfuric sand Sulfuric soil High
LFal7-B.3 a 30-50 1 1 1 3* Sulfuric sand (sand)
LFal7-B.4 a 50-70 1 1 1 3 Hypersulfidic sand
LFb17-B.1 b 0-20 1 0 1 2* Sulfuric sand
LFb17-B.2 b 20-40 1 0 1 2* Sulfuric sand Sulfuric soil High
LFb17-B.3 b 40-68 1 1 1 3* Sulfuric sand (sand)
LFb17-B.4 b 68-90 1 1 1 3 Hypersulfidic sand
LFc17-B.1 c 0-25 1 1 1 3 Sand Hypersulfidic
LFcl7-B.2 c 25-38 1 1 1 3 Hypersulfidic sand szgaqueous High
LFc17-B.3 c 38-50 1 1 1 3 Hypersulfidic sand il (sand)
LFcl17-B.4 c 50-68 1 1 1 3 Hypersulfidic clayey sand sol
LFd17-B.1 d 0-7 1 1 1 3 Sand Sulfuric
LFd17-B.2 d 7-25 1 1 1 3* Sulfuric sand Ssubagqueous High
LFd17-B.3 d 25-52 1 1 1 3 Hypersulfidic loamy sand oil ?sand)
LFd17-B.4 d 52-72 1 1 1 3 Hypersulfidic sandy clay loam
LFel7-B.1 e 0-6 0 0 0 0 Sand Hypersulfidic
LFel7-B.2 e 6-25 1 1 1 3 Hypersufilidic sand Sﬁga s High
LFel7-B.3 e 25-56 1 1 1 3 Hypersufilidic sand soil ((:lsand)
LFel7-B.4 e 56-77 0 1 1 2 Hypersufilidic clayey sand
LFf17-B.1 f 0-23 1 1 1 3 Hypersufilidic loamy sand Sulfuric
LFf17-B.2 f 23-44 1 1 1 3* Sulfuric loamy sand subagueous High
LFf17-B.3 f 44-57 1 1 1 3 Hypersufilidic loamy sand soil ((:lsand)
LFf17-B.4 f 57-89 1 1 1 3 Hypersufilidic sandy clay loam
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Table 15-2 Summary of temporal and spatial variations and changes in ASS subtypes at each site (A and B). Note: (i) Cells shaded orange summarise data presented within this report, (ii) all other cells are based on/extrapolated from data presented in Fitzpatrick et al.

(2008a; 2008b; 2009b; 2008c) and (iii) cells bordered in blue indicate subaqueous

Point Sturt South Drought Drought Drought Post drought Post drought Post-drought Post-drought
. Winter 2009 End winter 2009 End summer 2010 Summer 2011 Winter 2011 start summer 2011/12 start winter 2011/12 Summary
Sites
(ha) @ (b) (©) (d (e) (0]

Classification & ) . . Hypersulfidic Sulfuric* Hypersulfidic Sulfuric*

LF17-A 2Acid hazard Sulfuric (H) SUHIHE ) SUHIHE ) subaqueous (M) subaqueous (H) subaqueous (M) subaqueous (H) During the extreme drought period (2007 to 2009) soil remained Sulfuric. Inundation, following winter
zgglgznéev;:ter and LW & Sulfuric LW & Sulfuric LW & Sulfuric RW & Sulfide UW & Sulfuric UW & Sulfide UW & Sulfuric 2010, caused the formation of Sulfuric and Hypersulfidic subagueous soil.
Classification & ) . ) Hypersulfidic Sulfuric Hypersulfidic Sulfuric

LE17-B 2Acid hazard SUE (7, SUIE (7, SUIE (7, subaqueous (H) subaqueous (H) subaqueous (H) subaqueous (H) During the extreme drought period (2007 to 2009) soil remained Sulfuric. Inundation, following winter
zgglgs)néevgzter and LW & Sulfuric LW & Sulfuric LW & Sulfuric RW & Sulfide UW & Sulfuric UW & Sulfide UW & Sulfuric 2010, caused the formation of Sulfuric and Hypersulfidic subagueous soil.

*Classification — Acid Sulfate Soil subtype classification

2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low

Dominant Water process

LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation

UW — Unchanged water regime, which had not yet evaporated to expose soil to air

RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping, regulator
installation, river flow and groundwater)

RF — Rain fall rewetting and natural reflooding to inundate and saturate soils

Dominant ASS — process

Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions to
form sulfuric material

Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)

Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material

Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material

Leach — Leaching of acid from soil by winter rain fall

Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default
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Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red
Where h; to h; = historical sampling; (a) — (b) sampling conducted in this project
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16. LF19 - DOG LAKE

Summary

Soil at Dog Lake was considered to pose a high acidification hazard.

Soil profiles at Dog Lake comprised sulfuric and hypersulfidic clay soil with high acidification ratings.
At site LF19-A, when the profile was dry, acidity above 50 cm was dominated by TAA and there was no
ANC present. Below 50 cm, there was a combination of both TAA and Scg. Following reflooding, in
September 2010, the amount of acidity above 25 cm decreased but was still dominated by TAA, with
only a slight increase in Scg. Below 25 cm, acidity was dominated by Scg and calcrete rubble was
encountered below 40 cm. Inundation, for a period of 21 months, seems to have caused limited flushing
of acidity (H") from surface sediments. Regardless, soil material has remained sulfuric with high
acidification hazard ratings.

A new site (LF19-B) was established during Sampling-e that was located approximately 2 km south west
of LF19-A. This site had been inundated for 15 and 21 months since drought conditions had abated.
Above 13 cm and below 45 cm, Scg and ANC dominated the profile. Between 13 cm and 45 cm there
was no ANC present and acidity comprised RA, TAA and Scg. Soil material classified as hypersulfidic
and was considered to pose a high acidification hazard.
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16.1Background

Study area LF19 was located in Dog Lake on the north eastern side of Lake Alexandrina (Figure 1-1). As
part of this study, sampling was carried out in December 2011 and June 2012 (Samplings-e/f). Previous
samplings were undertaken in May and June 2011 (Sampling-d), January and February 2011 (Sampling-
c¢) and March 2010 (Sampling-b). Sampling site locations are displayed in Figure 16-1.
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Figure 16-1 Sample location map. Aerial photograph taken in March 2008 (Orange line: sampling-b
water level, Blue line: sampling-c, d, e & f water level)

At the time of Sampling-c/d/e, the lake level had risen to approximately 0.65 m AHD and the study area
had been completely re-flooded (Figure 16-1: Figure 16-2). Prior to this, in May 2010 (Sampling-b), the
lake level was at -0.50 AHD (MDBA 2011) and Dog Lake was dry (Figure 16-2).
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(b) - May 2010

(c) - January 2011

Figure 16-2 Site photographs. Refer to Figure 16-1 for the location and direction that photographs were
taken, indicated by a (photographs were selected that best depicted the environmental conditions at the

study area during each sampling)
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16.2Soils

Soils at Dog Lake generally comprised sulfuric clay soil. A summary of encountered soils is provided
below and site locations are presented in Figure 16-1. Detailed profile descriptions are presented in
Appendix 4 and Appendix 8. Profile photographs are presented in Appendix 5.

LF19-A

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 12 and 19 cm of grey brown
loamy sand with 15 to 20 % yellow jarosite mottles and bands of darker organic matter near the base.
This was underlain, to a depth of 29 cm, by greyish brown loamy sand. Sampling-c encountered 25 %
light yellow jarosite mottles and Sampling-d encountered 10 % jarosite mottles. Underlying this, to
depths of 43 and 45 cm, by dark grey clay with few pale yellow jarosite mottles associated with root
channels. This was underlain, to the maximum extent of investigation (50 and 58 cm), by grey heavy
clay with common carbonate rubble.

As part of this study, a push tube was used to collect subaqueous soil profiles (Samplings-e/f). The
investigations encountered 18 and 16 cm of greyish brown loamy sand with 5 to 10 % coarse jarosite
mottles. This was underlain, to depths of 24 to 32 cm, by grey brown loamy sand with 10 to 20 % coarse
jarosite mottles. Underlying this, to depths of 42 to 46 cm (46 cm was the maximum extent of
investigation during Sampling-f), was dark greenish grey loamy clay with fine prominent mottles.
During Sampling-e, this was underlain, to the maximum extent of investigation (72 cm), by olive grey
heavy clay.

LF19-B

As part of this study, a push tube was used to collect subaqueous soil profiles (Samplings-e/f). The
investigation encountered 8 to 13 cm of black monosulfidic clay gel. This was underlain, to depths of 26
to 27 cm, by very dark grey loamy clay. Underlying this, to depths of 36 to 45 cm, was dark grey loamy
clay with 10 to 20 % jarosite mottles. This was underlain, to the maximum extent of investigation (49 to
56 cm), by dark grey brown heavy clay with 30 % greenish grey coarse mottles.

16.3So0il acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3. Acid-
base accounting and pH data (pHox, pHinc & pHw), for each soil layer, are presented in Figure
16-3. These data were used to inform the acidification hazard assessment that is presented in
Table 16-1.
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Figure 16-3 pH and acid-base accounting data plotted against depth for each profile collected
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16.4Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil sample
collected, according to the definitions and methods presented in Section 1.3 and Section 2.4 respectively.
A summary of acidification potential and ASS material classification is presented in Table 16-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil profile
collected. ASS subtype classification was achieved using the methods described in Appendix 2.
Acidification hazard assessment was based on: (i) landscape position (Figure 16-1), (ii) soil morphology
(Section 16.2), (iii) acid-base accounting (Figure 16-3), (iv) pH data (Figure 16-3), (v) acidification
potential (Table 16-1) and (vi) ASS material and subtype classification (Table 16-1).

Acidification hazard categories were: (i) very low, (ii) low, (iii) medium and (iv) high. A summary of
ASS subtype classification and acidification hazard for each profile collected between May 2010 and
June 2012 is presented in (Table 16-1).

Soil profiles at Dog Lake comprised sulfuric and hypersulfidic clay soil with high acidification hazard
ratings (Table 16-1).

Under drought conditions, at site LF19-A (Figure 16-1), acidity above 50 cm was dominated by TAA and
there was no ANC present (Figure 16-3). Below 50 cm, there was a combination of TAA and Scr.
Following reflooding in September 2010, the amount of acidity above 25 cm decreased but was still
dominated by TAA, with only a slight increase in Scr (Figure 16-3). Below 25 cm, acidity was
dominated by Scr and calcrete rubble was encountered below 40 cm. Inundation, for a period of 21
months, seems to have caused limited flushing of acidity (H+) from surface sediments. Regardless, soil
material has remained sulfuric with high acidification hazard ratings (Table 16-2).

A new site (LF19-B; Figure 16-1) was established during Sampling-e that was located approximately 2
km south west of LF19-A. This site had been inundated for 15 and 21 months since drought conditions
had abated. Above 13 cm and below 45 cm, Scg and ANC dominated the profile. Between 13 cm and 45
cm there was no ANC present and acidity comprised RA, TAA and Scr (Figure 16-3). Soil material
classified as hypersulfidic and was considered to pose a medium acidification hazard.

Soil at Dog Lake were considered to pose a high acidification hazard.
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Table 16-1 Summary of acidification potential, ASS material classification, ASS subtype classification and
acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

. Depth pHox pHine NA Acidification . e ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential ASS material classification classification hazard
LF19-A
LFb19 A1 b 0-0.5 1 1 1 3* Sulfuric loamy sand
LFb19 A2 b 0.5-5 1 1 1 3* Sulfuric loamy sand Sulfuric clay High
LFb19 A3 b 5-50 1 1 1 3* Sulfuric clay soil (clay)
LFb19 A4 b 50-80 1 1 1 3* Sulfuric clay
LFc19-A.1 c 0-12 0 1 1 2 Loamy sand Sulfuric
LFc19-A.2 c 12-24 1 1 1 3* Sulfuric loamy sand subagueous High
LFc19-A.3 c 24-43 1 1 1 3* Sulfuric clay clay soil (clay)
LFc19-A.4 c 43-50 0 0 0 0 Hyposulfidic clay
LFd19-A.1 d 0-19 1 1 1 3* Sulfuric loamy sand Sulfuric
LFd19-A.2 d 19-29 1 1 1 3* Sulfuric clayey sand subaqueous High
LFd19-A.3 d 29-45 0 0 1 1 Hyposulfidic sandy clay soil (sand)
LFd19-A.4 d 43-58 0 0 0 0 Hyposulfidic clay
LFel9-A.1 e 0-16 1 1 1 3* Sulfuric loamy sand Sulfuric
LFel9-A.2 e 16-24 1 1 1 3* Sulfuric loamy sand subagueous High
LFel9-A.3 e 24-46 0 0 1 1 Hyposulfidic loamy clay soil (clay)
LFel9-A4 e 46-53 0 0 0 0 Hyposulfidic heavy clay
LFf19-A.1 f 0-18 1 1 1 3* Sulfuric loamy sand Sulfuric
LFf19-A.2 f 18-32 1 1 1 3* Sulfuric clayey sand subaqueous High
LFf19-A.3 f 32-42 0 1 1 2 Hypersufilidic light clay soil (sand)
LF19-B
LFel19-B.1 e 0-13 1 0 0 1 Hyposulfidic medium clay Hypersulfidic
LFel9-B.2 e 13-27 1 1 1 3 Hypersufilidic loamy clay subaqueous Medium
LFel9-B.3 e 27-45 1 1 1 3 Hypersufilidic loamy clay clay soil (clay)
LFel9-B.4 e 45-56 0 0 0 0 Hyposulfidic heavy clay 4 Y.
LFf19-B.1 f 0-8 0 0 1 1 Hyposulfidic clay loam Hypersulfidic
LFf19-B.2 f 8-26 0 1 1 2 Hypersufilidic light clay subagueous Medium
LFf19-B.3 f 26-36 0 1 1 2 Hypersufilidic light clay clay sgil (clay)
LFf19-B.4 f 36-49 0 0 0 0 Hyposulfidic heavy clay
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Table 16-2 Summary of temporal and spatial variations and changes in ASS subtypes at each site (A). Note: (i) Cells shaded orange summarise data presented within
this report, (ii) all other cells are based on/extrapolated from data presented in Fitzpatrick et al. (2008a; 2008b; 2009b; 2008c) and (iii) cells bordered in blue indicate

subaqueous
Drought Post drought drTJ(LJJStht sptoa?':_g;%unqngﬁ Post-drought
Dog Lake Winter 2010 Summer 2011 Wi 92011 2011/12 start winter 2011/12 Summary
() ©) e )
(@ (e)
1 I . Sulfuric Sulfuric* . .
zi?jsr:gi:'gn & (Sl_l:)lfunc el subaqueous clay subaqueous sstljklafzntfeous (H) ssﬂkg;rfeous (H) During the extreme drought period (2007 to 2009) soil remained
LF19-A (H) (H) q q Sulfuric. Inundation, following winter 2010, caused the formation
Dominant water LW & Sulfuric | RW & Sulfuric ) UW & Sulfuric UW & Sulfuric of Sulfuric subagueous soil
and ASS process Sulfuric
1 - Hypersulfidic Hypersulfidic
Zglgjsr:flcatlgn & No data No data No data subaqueous clay subaqueous clay
LF19-B cid hazar (H) (H) Following inundation in winter 2010, soil material remained
Dominant water Hypersulfidic subaqueous clay soil.
No data No data No data UW & Sulfide UW & Sulfide
and ASS process

! Classification — Acid Sulfate Soil subtype classification

2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low

Dominant Water process

LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation

UW - Unchanged water regime, which had not yet evaporated to expose soil to air

RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping,
regulator installation, river flow and groundwater)

RF — Rain fall rewetting and natural reflooding to inundate and saturate soils

Dominant ASS — process

Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions to
form sulfuric material

Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)

Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material

Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material

Leach - Leaching of acid from soil by winter rain fall

Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default

Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red

Where h; to hs = historical sampling; (a) — (b) sampling conducted in this project
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17. LF20 - BOGGY LAKE

Summary

Soil at Boggy Lake was considered to pose a high acidification hazard.

Soil profiles at Boggy Lake comprised sulfuric and hypersulfidic clay soil with high acidification hazard
ratings. At site LF20-A, when the profile was dry, acidity above 25 cm was dominated by TAA and there
was no ANC present. Below 25 cm, there was a combination of RA, TAA and Scg. Reflooding and
inundation, for a period of 21 months, resulted in an increase in the proportion of Scy relative to TAA and
RA above 30 to 40 cm. At depth, NA remained extremely high and was dominated by Scg. Soil material
has remained hypersulfidic or sulfuric with high acidification hazard ratings.

A new site was established during Sampling-e that was located in the middle of Boggy Lake,
approximately 750 m north west of LF20-A. This site had been inundated for 15 and 21 months since
drought conditions had abated. Acidity was dominated throughout the profile by high concentrations of
Scr (> 600 moles H*/tonne) with TAA and RA present. No ANC was present in Sampling-f or above 58
cm in Sampling-e. Soil material classified as hypersulfidic and was considered to pose a high
acidification hazard.
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17.1Background

Study area LF20 was located in Boggy Lake on the north eastern side of Lake Alexandrina (Figure 1-1).
As part of this study, sampling was carried out in December 2011 and June 2012 (Samplings-e/f).
Previous samplings were undertaken in May and June 2011 (Sampling-d), January and February 2011
(Sampling-c) and March 2010 (Sampling-b). Sampling site locations are displayed in Figure 17-1.
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Figure 17-1 Sample location map. Aerial photograph taken in March 2008 (Orange line: sampling-b
water level, Blue line: sampling-c, d, e & f water level)

At the time of Sampling-c/d/e, the lake level had risen to approximately 0.65 m AHD and the study area
had been completely re-flooded (Figure 17-1: Figure 17-2). Prior to this, in May 2010 (Sampling-b), the
lake level was at -0.50 AHD (MDBA 2011) and Dog Lake was completely dry (Figure 17-2).
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Figure 17-2 Site photographs. Refer to Figure 17-2 for the location and direction that photographs were
taken, indicated by a (photographs were selected that best depicted the environmental conditions at the

study area during each sampling)
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17.2Soils

Soils at Boggy Lake generally comprised sulfuric and hypersulfidic clay soil. A summary of encountered
soils is provided below and site locations are presented in Figure 17-1. Detailed profile descriptions are
presented in Appendix 4 and Appendix 8. Profile photographs are presented in Appendix 5.

LF20-A

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered slightly different profiles.
Sampling-c encountered 36 cm of dark grey fine sandy clay with jarosite mottles between 26 and 36 cm.
Underlying this, to a depth of 49 cm, was greyish brown fine sandy clay with 20 % yellow jarosite
mottles. This was underlain, to a depth of 65 cm, by very dark greyish brown heavy clay with 5 %
yellow jarosite mottles and common medium roots. Underlying this, to the maximum extent of
investigation (80 cm), was dark grey fine sandy clay with 20 % black mottles. Sampling-d encountered 6
cm of black sticky clay with few roots. This was underlain, to a depth of 15 cm, by dark greyish brown
light clay with few jarosite mottles. Underlying this, to a depth of 29 cm, was greyish brown medium
clay, with common clear yellow jarosite mottles, often associated with root channels. Between 29 and 55
cm, was dark greyish brown medium clay with rare jarosite mottles associated with fine root channels.
This was underlain, to the maximum extent of investigation (78 cm), by dark greenish grey light clay with
some fine sand.

As part of this study, a push tube was used to collect subaqueous soil profiles (Samplings-e/f). Sampling-
e encountered 10 cm of black clay. This was underlain, to a depth of 17 cm, by dark greyish brown clay
with few distinct jarosite mottles. Underlying this, to a depth of 30 cm, was greyish brown clay with 30
% clear and prominent jarosite mottles. This was underlain, to a depth of 55 cm, by dark grey clay with
rare jarosite mottles. Underlying this, to the maximum extent of investigation (89 cm), was dark greenish
grey clay. Sampling-f encountered 8 cm of olive grey heavy clay and black sand. This was underlain, to
a depth of 18 cm, by dark greyish brown clay with few distinct jarosite mottles. Underlying this, to a
depth of 42 cm, was greyish brown clay with 30 % clear and prominent jarosite mottles. This was
underlain, to a depth of 57 cm, by dark grey clay with rare jarosite mottles. Underlying this, to the
maximum extent of investigation (92 cm), was dark greenish grey heavy clay.

LF20-B

As part of this study, a push tube was used to collect subaqueous soil profiles (Samplings-e/f). The
investigations encountered 8 to 11 cm of very dark greyish brown heavy clay. This was underlain, to
depths of 16 to 20 cm, by very dark greyish brown heavy clay brown staining and 5 % jarosite mottles.
Underlying this, to depths of 35 to 38 cm, was dark greyish brown heavy clay with 20 % jarosite mottles.
This was underlain, to depths of 58 to 60 cm, by dark grey heavy clay with few sandy lenses. Underlying
this, to depths of 60 to 66 cm, was dark sandy loam with few black mottles. In Sampling-e, this was
underlain, to the maximum extent of investigation (80 cm), by dark olive grey heavy clay with some
carbonate nodules. In Sampling-f, this was underlain, to the maximum extent of investigation (70 cm),
by dark grey sandy loam.

17.3Soil acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3. Acid-base
accounting and pH data (pHox, pHine & pHw), for each soil layer, are presented in Figure 17-2. These
data were used to inform the acidification hazard assessment that is presented in Table 17-1.
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Figure 17-3 pH and acid-base accounting data plotted against depth for each profile collected. Note:
pHkciwas used in plot LF20-A:01/11 (c) because not pHy, measurements were available
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17.4Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil sample
collected, according to the definitions and methods presented in Section 1.3 and Section 2.4 respectively.
A summary of acidification potential and ASS material classification is presented in Table 17-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil profile
collected. ASS subtype classification was achieved using the methods described in Appendix 2.
Acidification hazard assessment was based on: (i) landscape position (Figure 17-1), (ii) soil morphology
(Section 17.2), (iii) acid-base accounting (Figure 17-3), (iv) pH data (Figure 17-3), (v) acidification
potential (Table 17-1) and (vi) ASS material and subtype classification (Table 17-1). Acidification
hazard categories were: (i) very low, (ii) low, (iii) medium and (iv) high. A summary of ASS subtype
classification and acidification hazard for each profile collected between May 2010 and June 2012 is
presented in Table 17-1.

Soil profiles at Boggy Lake comprised sulfuric and hypersulfidic clay soil with high acidification hazard
ratings (Table 17-1). At site LF20-A, when the profile was dry, acidity above 25 cm was dominated by
TAA and there was no ANC present (Figure 17-3). Below 25 cm, there was a combination of RA, TAA
and Scg. Reflooding and inundation, for a period of 21 months, resulted in an increase in the proportion
of Scr relative to TAA and RA above 30 to 40 cm (Table 17-2). At depth, NA remained extremely high
and was dominated by Scg. Soil material has remained hypersulfidic or sulfuric with high acidification
hazard ratings (Table 16-2).

A new site (LF20-B; Figure 17-1) was established during Sampling-e that was located in the middle of
Boggy Lake, approximately 750 m north west of LF20-A. This site had been inundated for 15 and 21
months since drought conditions had abated. Acidity was dominated throughout the profile by high
concentrations of Scg (> 600 moles H*/tonne) with TAA and RA present. No ANC was present in
Sampling-f or above 58 cm in Sampling-e (Figure 17-3). Soil material classified as hypersulfidic and was
considered to pose a high acidification hazard.

Soil at Boggy Lake was considered to pose a high acidification hazard.
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Table 17-1 Summary of acidification potential, ASS material classification, ASS subtype classification and
acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

. Depth pHox pHine NA Acidification . e ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential ASS material classification classification hazard
LF20-A
LFb20-A.1 b 0-0.5 1 1 1 3* Sulfuric sandy clay
LFb20-A.2 b 0.5-5 1 1 1 3* Sulfuric sandy clay Sulfuric clay High
LFb20-A.3 b 5-25 1 1 1 3* Sulfuric sandy clay soil (clay)
LFb20-A.4 b 25-45 1 1 1 3* Sulfuric sandy clay
LFc20-A.1 c 0-26 1 1 1 3* Sulfuric sandy clay Sulfuric
LFc20-A.2 c 26-36 1 1 1 3* Sulfuric sandy clay subagueous High
LFc20-A.3 c 36-49 1 1 1 3* Sulfuric sandy clay clay soil (clay)
LFc20-A.4 c 49-65 1 1 1 3* Sulfuric clay
LFd20-A.1 d 0-6 1 1 1 3 Hypersulfidic clay
LFd20-A.2 d 6-15 1 1 1 3 Hypersulfidic clay Sulfuric
LFd20-A.3 d 15-29 1 1 1 3* Sulfuric clay subaqueous High
LFd20-A.4 d 29-55 1 1 1 3* Sulfuric clay clay soil (clay)
LFd20-A.5 d 55-78 0 1 1 2 Hypersulfidic clay
LFe20-A.1 e 0-10 1 1 1 3 Hypersufilidic medium clay
LFe20-A.2 e 10-17 1 1 1 3 Hypersufilidic medium clay Sulfuric
LFe20-A.3 e 17-30 1 1 1 3* Sulfuric medium clay subaqueous High
LFe20-A.4 e 30-55 1 1 1 3* Sulfuric medium clay clay soil (clay)
LFe20-A.5 e 55-89 1 1 1 3 Hypersufilidic medium clay
LFf20-A.1 f 0-8 0 1 1 2 Hypersufilidic heavy clay
LFf20-A.2 f 8-18 1 1 1 3 Hypersufilidic heavy clay Hypersulfidic
LFf20-A.3 f 18-42 1 1 1 3 Hypersufilidic heavy clay subaqueous High
LFf20-A.4 f 42-57 0 1 1 2 Hypersufilidic heavy clay clay soil (clay)
LFf20-A.5 f 57-92 1 1 1 3 Hypersufilidic heavy clay
LF20-B
LFe20-B.1 e 0-8 1 1 1 3 Hypersufilidic heavy clay
LFe20-B.2 e 8-16 1 1 1 3 Hypersufilidic heavy clay Hypersulfidic
LFe20-B.3 e 16-38 1 1 1 3 Hypersufilidic heavy clay subagueous High
LFe20-B.4 e 38-58 1 1 1 3 Hypersufilidic heavy clay clay sgil (clay)
LFe20-B.5 e 58-66 0 1 1 2 Hypersufilidic sandy loam
LFe20-B.6 e 66-80 0 0 0 0 Hyposulfidic heavy clay
LFf20-B.1 f 0-11 0 1 1 2 Hypersufilidic heavy clay
LFf20-B.2 f 11-20 1 1 1 3 Hypersufilidic heavy clay Hypersulfidic
LFf20-B.3 f 20-35 1 1 1 3 Hypersufilidic heavy clay subaqueous High
LFf20-B.4 f 35-60 1 1 1 3 Hypersufilidic heavy clay clay soil (clay)
LFf20-B.5 f 60-70 1 1 1 3 Hypersufilidic sandy loam
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Table 17-2 Summary of temporal and spatial variations and changes in ASS subtypes at each site (A and B). Note: (i) Cells shaded orange summarise data presented
within this report, (ii) all other cells are based on/extrapolated from data presented in Fitzpatrick et al. (2008a; 2008b; 2009b; 2008c) and (iii) cells bordered in blue
indicate subaqueous

Drought Post-drought Post-drought
End winter Jesitdlicsly POfSt ez i start summer start winter
Boggy Lake 2010 Summer 2011 Winter 2011 2011/12 2011/12 Summary
(b) © @ @ o)
"Classification . Sulfuric* Sulfuric* Sulfuric* Hypersulfidic
& S CLES subaqueous subaqueous subaqueous subaqueous
2pcid hazard H) cla (qH) - (CIH) cla (qH) cla (qH) During the extreme drought period (2007 to 2009) soil remained Sulfuric.
LF20-A Dominant water Y Y Y Y Inundation, following winter 2010, caused the formation of Hypersulfidic and
and ASS LW & Sulfuric | UW & Sulfuric | UW & Sulfuric | UW & Sulfuric | UW & sulfide | SUlfuric subagueous soil
process
'Classification Hypersulfidic Hypersulfidic
<2§< No data No data No data subaqueous subaqueous
LE20-A Acid hazard clay (H) clay (H) Following inundation in winter 2010, soil material remained Hypersulfidic
Dominant water subaqueous clay soil.
and ASS No data No data No data UW & Sulfide UW & Sulfide
process

! Classification — Acid Sulfate Soil subtype classification
2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low
Dominant Water process

LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation

UW — Unchanged water regime, which had not yet evaporated to expose soil to air

RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping, regulator

installation, river flow and groundwater)

RF — Rain fall rewetting and natural reflooding to inundate and saturate soils

Dominant ASS — process
Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions

to form sulfuric material
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Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)
Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material

Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material
Leach — Leaching of acid from soil by winter rain fall

Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default
Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red

Where h; to h; = historical sampling; (a) — (b) sampling conducted in this project
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18. LF21 - WINDMILL SITE

Summary

Overall, soil at the Windmill Site was considered to pose a medium to high acidification hazard.

Profiles were all collected after a period of drought (2007 to 2009) and following reflooding in
October 2010. Closest to the shoreline, soil profiles were classified as hypersulfidic subagueous
with high acidification hazard ratings. Acidity was dominated by Scg with minor TAA and no
ANC. Approximately 250 m from the shoreline, soil profiles were classified as hypersulfidic
subaqueous with medium acidification hazard ratings. Once again, acidity was dominated by
Scr but the presence of a few small gastropods contributed ANC to the profile above 50 cm.
There were no significant differences noted between Samplings-c, d, e & f.
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18.1Background

Study area LF21 was located on the northern side of Lake Albert (Figure 1-1). As part of this study,
sampling was carried out in December 2011 and June 2012 (Samplings-e/f). Previous samplings were
undertaken in January and February 2011 (Sampling-c) and May and June 2011 (Sampling-d). Sampling
site locations are displayed in Figure 18-1.

4400 400 et &) 50 e 5400 M0 S0 HEWD HEHG HE40 HEC00 HEFG

LF21 - Windmill Site

e

BOG4500
G0G4500

6063800 606 4000 G0G4200 G0G 4400
606 4000 G0G4200 G0G 4400

Figure 18-1 Sample location map. Aerial photograph taken in March 2008 (Blue line: sampling-c, d, e & f
water level)

At the time of Sampling-c/d/e, the lake level had risen to approximately 0.6 m AHD and the study area
had been completely re-flooded (Figure 18-1: Figure 18-2). Prior to this, the aerial photograph taken in
March 2008 shows that the study area comprised an extensive beach (Figure 18-1).
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(c) - February 2011

(e) - December 2011

Figure 18-2 Site photographs. Refer to Figure 18-1 for the location and direction that photographs were
taken, indicated by a (photographs were selected that best depicted the environmental conditions at the
study area during each sampling)
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18.2Soils

Soils at the Windmill Site generally comprised hypersulfidic soil. A summary of encountered soils is
provided below and site locations are presented in Figure 18-1. Detailed profile descriptions are
presented in Appendix 4 and Appendix 8. Profile photographs are presented in Appendix 5.

LF21-A

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered dark grey sand with few black
mottles and medium roots. This was underlain, to depths of 36 and 37 cm, by dark grey and olive grey
sand to loamy sand with layers of dark grey organic material and medium Phragmites roots. Underlying
this, to the maximum extent of investigation (62 and 65 cm), was grey loamy sand with few roots.

As part of this study, a UWS and push tube were used to collect subaqueous soil profiles (Samplings-e/f).
Sampling-e encountered 16 cm of dark grey sand. This was underlain, to a depth of 32 cm, by dark grey
sand with few medium coarse roots. Underlying this, to the maximum extent of investigation (59 cm),
was grey loamy sand. Sampling-f encountered 6 cm of dark grey sand. This was underlain, to a depth of
26 cm, by dark grey sand with few medium coarse roots. Underlying this, to a depth of 47 cm, was dark
grey sand with 20% darker coarse mottles and few shell fragments. This was underlain, to the maximum
extent of investigation (67 cm), by grey loamy sand.

LF21-B

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered 27 and 36 cm of light olive
brown sand with brown and black mottles and few small whole bivalve shells. This was underlain, to
depths of 52 and 61 cm, by dark olive grey spongy clay loam with bands (1 cm) of spongy organic
material (Coorongite). Underlying this, to the maximum extent of investigation (62 and 73 cm), was
dark grey loamy sand with black band and common shell fragments.

As part of this study, a UWS and push tube were used to collect subaqueous soil profiles (Samplings-e/f).
Sampling-e encountered 21 cm of light brownish grey sand with darker bands and bivalve shells. This
was underlain, to a depth of 44 cm, by very dark grey loamy light clay. Underlying this, to the maximum
extent of investigation (54 cm), was dark grey sand with common shell fragments. Sampling-f
encountered 25 cm of dark grey sand with few medium roots. This was underlain, to a depth of 58 cm,
by dark grey sand with few fine roots and bivalve shells. Underlying this, to a depth of 84 cm, was very
dark grey loamy light clay with few fine roots. This was underlain, to the maximum extent of
investigation (88 cm), by dark grey loamy sand with clayey bands and bivalves.

18.3So0il acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3. Acid-base
accounting and pH data (pHox, pHine & pHw), for each soil layer, are presented in Figure 18-2. These
data were used to inform the acidification hazard assessment that is presented in Table 18-1.
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Figure 18-3 pH and acid-base accounting data plotted against depth for each profile collected

18.4Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil sample
collected, according to the definitions and methods presented in Section 1.3 and Section 2.4 respectively.
A summary of acidification potential and ASS material classification is presented in Table 18-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil profile

collected. ASS subtype classification was achieved using the methods described in Appendix 2.
Acidification hazard assessment was based on: (i) landscape position (Figure 18-1), (ii) soil morphology
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(Section 18.2), (iii) acid-base accounting (Figure 18-3), (iv) pH data (Figure 18-3), (v) acidification
potential (Table 18-1) and (vi) ASS material and subtype classification (Table 18-1). Acidification
hazard categories were: (i) very low, (ii) low, (iii) medium and (iv) high. A summary of ASS subtype
classification and acidification hazard for each profile collected between February 2011 and June 2012 is
presented in Table 18-1.

Profiles at the Windmill Site were all collected after a period of drought (2007 to 2009) and following
reflooding in October 2010. Closest to the shoreline (LF21-A; Figure 18-1), soil profiles were classified
as hypersulfidic subaqueous with high acidification hazard ratings (Table 18-1). Acidity was dominated
by Scr with minor TAA and no ANC (Figure 18-3). Approximately 250 m from the shoreline (LF21-B;
Figure 18-1), soil profiles were classified as hypersulfidic subaqueous with medium acidification hazard
ratings (Table 18-1). Once again, acidity was dominated by Scg but the presence of small gastropods
contributed ANC above 50 cm (Figure 18-3). There were no significant differences noted between
Samplings-c, d, e and f.

Overall, soil at the Windmill Site was considered to pose a medium to high acidification hazard.
Table 18-1 Summary of acidification potential, ASS material classification, ASS subtype classification and

acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

. Depth pHox pHine NA Acidification . I ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential ASS material classification classification hazard
LF21-A
LFc21-A.1 c 0-7 0 1 1 2 Sand Hypersulfidic
LFc21-A.2 c 7-14 1 1 1 3 Hypersulfidic sand Szga . Hiah
LFc21-A3 c 14-36 1 1 1 3 Hypersulfidic loamy sand soil ((:lsand) Y
LFc21-A4 c 36-62 1 1 1 3 Hypersulfidic loamy sand
LFd21-A.1 d 0-7 1 1 1 3 Sand Hypersulfidic
LFd21-A.2 d 7-37 0 1 1 2 Hypersulfidic loamy sand subaqueous High
LFd21-A.3 d 37-65 1 1 1 3 Hypersulfidic clay soil (sand)
LFe21-A.1 e 0-16 1 1 1 3 Hypersufilidic sand Hypersulfidic
LFe21-A.2 e 16-32 1 1 1 3 Hypersufilidic sand subaqueous High
LFe21-A.3 e 32-59 1 1 1 3 Hypersufilidic loamy sand soil (sand)
LFf21-A.1 f 0-6 1 1 1 3 Hypersufilidic sand Hypersulfidic
LFf21-A.2 f 6-26 1 1 1 3 Hypersufilidic sand Szga s Hiah
LFf21-A.3 f 26-47 1 1 1 3 Hypersufilidic sand soil ((:lsand) Y
LFf21-A.4 f 47-67 1 1 1 3 Hypersufilidic loamy sand
LF21-B
LFc21-B.1 c 0-27 0 0 0 0 Loam Hypersulfidic
LFc21-B.2 c 27-52 1 1 1 3 Hypersulfidic loam subaqueous Medium
LFc21-B.3 c 52-62 1 1 1 3 Hypersulfidic clayey sand soil (loam)
LFd21-B.1 d 0-36 0 0 1 1 Sand Hypersulfidic
LFd21-B.2 d 36-61 1 0 0 1 Hyposulfidic loamy clay subaqueous Low
LFd21-B.3 d 61-73 1 1 1 3 Hypersulfidic loamy sand soil (sand)
LFe21-B.1 e 0-21 0 0 0 0 Hyposulfidic sand Hypersulfidic
LFe21-B.2 e 21-44 1 1 1 3 Hypersufilidic loamy clay subaqueous Medium
LFe21-B.3 e 44-54 1 1 1 3 Hypersufilidic loamy sand soil (sand)
LFf21-B.1 f 0-25 0 0 0 0 Sand Hypersulfidic
LFf21-B.2 f 25-58 0 0 1 1 Hyposulfidic sand subaqueous Low
LFf21-B.3 f 58-84 1 1 1 3 Hypersufilidic loamy light clay clay soil (sand)
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Table 18-2 Summary of temporal and spatial variations and changes in ASS subtypes at each site (A and B). Note: (i) Cells shaded orange summarise data presented
within this report, (ii) all other cells are based on/extrapolated from data presented in Fitzpatrick et al. (2008a; 2008b; 2009b; 2008c) and (iii) cells bordered in blue
indicate subaqueous

Post drought

Post drought

Post-drought

Post-drought

Windmill Site Summer 2011 Winter 2011 start summer 2011/12 start winter 2011/12 Summary
© (d) (€) ()
'Classification & Hypersulfidic Hypersulfidic Hypersulfidic Hypersulfidic
LE21-A zAcid_ hazard subaqueous (H) subaqueous (H) subaqueous (H) subaqueous (H) Following inundation in winter 2010, soil material remained Hypersulfidic
Dominant water | o,y ¢ sulfide UW & Sulfide UW & Sulfide UW & Sulfide subagueous.
and ASS process
!Classification & Hypersulfidic Hypersulfidic Hypersulfidic Hypersulfidic
LF21-B *Acid hazard subaqueous (M) | subaqueous (L) | subaqueous (M) subaqueous (L) Following inundation in winter 2010, soil material remained Hypersulfidic

Dominant water
and ASS process

RW & Sulfide

UW & Sulfide

UW & Sulfide

UW & Sulfide subaqueous.

! Classification — Acid Sulfate Soil subtype classification
2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low
Dominant Water process
LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation

UW — Unchanged water regime, which had not yet evaporated to expose soil to air

RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping,
regulator installation, river flow and groundwater)
RF — Rain fall rewetting and natural reflooding to inundate and saturate soils

Dominant ASS — process

Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions to
form sulfuric material

Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)

Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material

Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material

Leach - Leaching of acid from soil by winter rain fall

Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default

Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red

Where h; to h; = historical sampling; (a) — (b) sampling conducted in this project
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19. LF23 - LOWER CURRENCY

Summary

Soil in Lower Currency was considered to pose a medium to high acidification hazard.

Soil profiles comprised sulfuric and hypersulfidic soil with high and medium acidification hazard ratings.
Under drought conditions and shortly after reflooding (Sampings-hy/hy), acidity within the profile
comprised Scgr and TAA. These profiles were classified as sulfuric with high acidification hazard ratings.
By the time of Samplings-c/d, the site had been inundated for 12 and 18 months respectively, the amount
of acidity above 30 cm had decreased and the amount of Scr relative to TAA had increased. At the time
of Sampling-e/f, the site had been inundated for approximately 2 and 2 Y% years respectively. No
significant changes were noted between Samplings-d & e/f. It appears that reflooding has encouraged
reducing conditions and limited sulfate reduction. Additionally, it may have caused some flushing of
acidity (H") from surface sediments (i.e. either down through the profile and/or into the water column).
This has resulted in previously sulfuric sediments transforming to hypersulfidic subaqueous soil.
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19.1Background

Study area LF23 was located in the lower reaches of Currency Creek (Figure 1-1). As part of this study,
sampling was carried out in December 2011 and June 2012 (Samplings-e/f). Previous samplings were
undertaken in May and June 2011 (Sampling-d) and January and February 2011 (Sampling-c).
Additionally, data from historic sampling (Sampling-h; & h,), carried out in November 2008 and
December 2009, were reassessed as part of this study. Sampling site locations are displayed in Figure
19-1.
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Figure 19-1 Sample location map. Aerial photograph taken in March 2008 (Blue line: sampling-c, d, e & f
water level)

At the time of Samplings-c/d/e, the study area had been completely re-flooded (Figure 19-1: Figure 19-2).
Prior to this, in November 2008 (Sampling-h,), the study area was dry and the soil surface was desiccated
(Figure 19-2). By December 2009 (Sampling-h,), water level had risen in Currency Creek (caused by the
construction of the Currency Creek Regulator) and the study area was subaqueous (Figure 19-2).
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Figure 19-2 Site photographs. Refer to Figure 19-1 for the location and direction that photographs were taken, indicated by a or  (photographs were selected that best

depicted the environmental conditions at the study area during each sampling)
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19.2Soils

Soils at the Lower Currency site generally comprised sulfuric and hypersulfidic sand. A summary of
encountered soils is provided below and site locations are presented in Figure 19-1. Detailed profile
descriptions are presented in Appendix 4 and Appendix 8. Profile photographs are presented in Appendix
5.

LF23-A

During previous studies, profiles were collected at this site on two occasions (Sampling-hi/h,).
Samplings encountered 2 cm of black monosulfidic sand overlying 27 cm of grey loamy sand with 20 %
distinct jarosite mottles. This was underlain, to a depth of 60 cm, by grey loamy sand with reddish brown
mottles (5 %) and common roots with jarosite coatings. This was underlain, to the maximum extent of
investigation (90 cm), by dark grey to olive loamy sand with common relic roots and few jarosite mottles
along root channels.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered dark grey sand with few
medium roots. This was underlain, to depths of 33 and 28 cm, by light brownish grey sand. Distinct
jarosite mottles were present during Sampling-c and faint remnant jarosite mottles were noted during
Sampling-d. This was underlain, to the maximum extent of investigation (46 and 54 cm), by greyish
brown loamy sand with dark grey bands.

As part of this study, a UWS and push tube were used to collect subaqueous soil profiles (Samplings-e/f).
The investigations encountered 7 to 8 cm of very dark grey to black sand. This was underlain, to depths
of 25 to 26 cm, by greyish brown sand with 10 % pale jarosite mottles in Sampling-e. Underlying this, to
depths of 40 to 49 cm, was grey sand with diffuse darker bands and 10 % distinct jarosite mottles in
Sampling-f. This was underlain, to depths of 72 to 75 cm (75 cm was the maximum extent of
investigation during Sampling-e), by very dark grey sand with clay bands. During Sampling-f, this was
underlain, to the maximum extent of investigation (83 cm), by dark grey medium sand with clayey bands.

19.3So0il acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3. Acid-base
accounting and pH data (pHox, pHine & pHw), for each soil layer, are presented in Figure 19-2. These
data were used to inform the acidification hazard assessment that is presented in Table 19-1.
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Figure 19-3 pH and acid-base accounting data plotted against depth for each profile collected
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19.4Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil sample
collected, according to the definitions and methods presented in Section 1.3 and Section 2.4 respectively.
A summary of acidification potential and ASS material classification is presented in Table 19-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil profile
collected. ASS subtype classification was achieved using the methods described in Appendix 2.
Acidification hazard assessment was based on: (i) landscape position (Figure 19-1), (ii) soil morphology
(Section 19.2), (iii) acid-base accounting (Figure 19-3), (iv) pH data (Figure 19-3), (v) acidification
potential (Table 19-1) and (vi) ASS material and subtype classification (Table 19-1). Acidification
hazard categories were: (i) very low, (ii) low, (iii) medium and (iv) high. A summary of ASS subtype
classification and acidification hazard for each profile collected between November 2008 and June 2012
is presented in Table 19-1.

Soil profiles in the Lower Currency comprised sulfuric and hypersulfidic soil with high and medium
acidification hazard ratings (Table 19-1). Under drought conditions and shortly after reflooding
(Samplings-hy/h,), acidity within the profile comprised Scgr and TAA (Figure 19-3). These profiles were
classified as sulfuric with high acidification hazard ratings. By the time of Samplings-c/d, the site had
been inundated for 12 and 18 months respectively, the amount of acidity above 30 cm had decreased and
the amount of Scr relative to TAA had increased (Figure 19-3). At the time of Sampling-e, the site had
been inundated for approximately 2 years. No significant changes were noted between Samplings-d &
e/f. Reflooding may have encouraged reducing conditions and limited sulfate reduction. Additionally, it
may have caused some flushing of acidity (H") from surface sediments (i.e. either down through the
profile and/or into the water column). This has resulted in previously sulfuric sediments transforming to
hypersulfidic subaqueous soil (Table 19-2).

Soil in the Lower Currency was considered to pose a medium to high acidification hazard.
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Table 19-1 Summary of acidification potential, ASS material classification, ASS subtype classification and
acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

. Depth pHox PHine NA Acidification . e ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential ASS material classification classification hazard
LF23-A
LFh(1)23-A.1 hy 0-05 0 0 0 0 Sand
LFh(1)23-A.2 hy 0.5-10 1 0 1 PAd Sulfuric loamy sand Sulfuric soil
LFh(1)23-A.3 hy 10-25 1 1 1 3 Hypersulfidic loamy sand (sand) High
LFh(1)23-A.4 hy 25-35 1 1 1 3* Sulfuric loamy sand
LFh(1)23-A.5 hy 35-60 1 1 1 3 Hypersulfidic loamy sand
LFh(2)23-A.1 h, 0-2 1 0 0 1 Hyposulfidic sand
LFh(2)23-A.2 h, 2-15 1 1 1 3* Sulfuric loamy sand Sulfuric soil
LFh(2)23-A.3 h, 15-30 1 1 1 3* Sulfuric loamy sand (sand) High
LFh(2)23-A.4 h, 30-60 1 1 1 3* Sulfuric loamy sand
LFh(2)23-A.5 h, 60 - 90 1 1 1 3 Hypersulfidic loamy sand
LFc23-A.1 c 0-12 0 1 1 2 Hypersulfidic sand Hypersulfidic
LFc23-A2 c 12-33 0 1 1 2 Sand subaqueous Medium
LFc23-A.3 c 33-46 0 1 1 2 Hypersulfidic sand soil (sand)
LFd23-A.1 d 0-10 1 1 1 3 Hypersulfidic sand Hypersulfidic
LFd23-A.2 d 10-28 1 1 0 2 Sand subaqueous High
LFd23-A.3 d 28-54 1 1 1 3 Hypersulfidic loamy sand soil (sand)
LFe23-A.1 e 0-7 1 1 1 3 Hypersufilidic sand Hypersulfidic
LFe23-A.2 e 7-26 1 1 1 3 Hypersufilidic sand subaqueous High
LFe23-A.3 e 26-40 1 1 1 3 Hypersufilidic sand soil (sand)
LFe23-A.4 e 40-54 1 1 1 3 Hypersufilidic sand
LFf23-A.1 f 0-8 1 1 0 2 Loamy sand
LFf23-A.2 f 8-25 1 1 1 3 Sand Hypersulfidic
LFf23-A.3 f 25-49 1 1 1 3 Hypersufilidic sand subaqueous Medium
LFf23-A.4 f 49-75 1 1 1 3 Hypersufilidic sand soil (sand)
LFf23-A.5 f 75-83 1 1 1 3 Hypersufilidic sand
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Table 19-2 Summary of temporal and spatial variations and changes in ASS subtypes at each site (A). Note: (i) Cells shaded orange summarise data presented within
this report, (i) all other cells are based on/extrapolated from data presented in Fitzpatrick et al. (2008a; 2008b; 2009b; 2008c) and (iii) cells bordered in blue indicate

subaqueous
Drought: pre Drought: :
regulator post Post drought Pz el Post-drought
Post drought start :
Lower Start regulator Summer Winter 2011 ST start winter SUTET
Currency summer Summer 2011 ) 2011/12 2011/12 y
2008 2009 (©) © ®)
(hy) (ha)
*Classification Hypersulfidic | Hypersulfidic | Hypersulfidic | Hypersulfidic
‘}Acid hazard Sulfuric (H) Sulfuric (H) ?'\le;)aqueous (s:)baqueous (s:)baqueous (s:)baqueous During the extreme drought period (2007 to 2009) soil remained Sulfuric.
LF23-A b Inundation, following winter 2010, caused the formation of Hypersulfidic
Dominant LW & LW & . ) ) ' subaqueous soil
water and q f RW & Sulfide | UW & Sulfide | UW & Sulfide | UW & Sulfide ’
Sulfuric Sulfuric

ASS process

! Classification — Acid Sulfate Soil subtype classification
2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low

Dominant Water process

LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation
UW — Unchanged water regime, which had not yet evaporated to expose soil to air
RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping,

regulator installation, river flow and groundwater)
RF — Rain fall rewetting and natural reflooding to inundate and saturate soils

Dominant ASS — process

Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions to
form sulfuric material

Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)

Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material

Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material

Leach - Leaching of acid from soil by winter rain fall

Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default

Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red

Where h; to h; = historical sampling; (a) — (b) sampling conducted in this project

154 Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia




LF24 — LOWER FINNISS

20. LF24 - LOWER FINNISS

Summary

Overall, soil in the Lower Finniss was considered to pose a high acidification hazard.

Soil profiles in the Lower Finniss comprised sulfuric and hypersulfidic soil with high acidification hazard
ratings. Under drought conditions and shortly after reflooding (Sampings-h;/h;), acidity within the
profile comprised Scgr, TAA and RA. These profiles were classified as sulfuric and hypersulfidic with
high acidification hazard ratings. By the time of Samplings-c/d, the sites had been inundated for 12 and
18 months respectively and some TAA had converted to Scg. At the time of Samplings-e/f, the sites had
been inundated for approximately 2 and 2 Y% years respectively. No significant changes were noted
between Samplings-d & e/f. Prolonged inundation most likely encouraged reducing conditions, leading
to limited sulfate reduction and the transformation of previously sulfuric sediments to hypersulfidic
subaqueous soil.

Although soils converted from sulfuric to hypersulfidic subagqueous, net acidities remained very high and
TAA and RA were still present in the profiles. Neutralisation was considered to be limited at this site and
the soil material was considered to pose a high acidification hazard. On drying, soil material is likely to
re-acidify rapidly and may impact surface waters upon rewetting.
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20.1Background

Study area LF24 was located in the lower reaches of Finniss River (Figure 1-1). As part of this study,
sampling was carried out in December 2011 and June 2012 (Samplings-e/f). Previous samplings were
undertaken in May and June 2011 (Sampling-d) and January and February 2011 (Sampling-c).
Additionally, data from historic sampling (Sampling-h; & h,), carried out in November 2008 and
December 2009, were reassessed as part of this study. Sampling site locations are displayed in Figure
20-1.
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Figure 20-1 Sample location map. Aerial photograph taken in March 2008 (Blue line: sampling-c, d, e & f
water level)

At the time of Samplings-c/d/e, the study area had been completely re-flooded (Figure 20-1: Figure 20-2).
Prior to this, in November 2008 (Sampling-h,), the study area was dry and the soil surface was cracked
and desiccated (Figure 20-2). By December 2009 (Sampling-h,), the water level had risen in the Finniss
River (caused by the construction of the Clayton regulator) and the study area was subaqueous (Figure
20-2).
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Figure 20-2 Site photographs. Refer to Figure 20-1 for the location and direction that photographs were taken, indicated by a (photographs were selected that best

depicted the environmental conditions at the study area during each sampling)
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20.2Soils

Soils at the Lower Finniss site generally comprised sulfuric and hypersulfidic clay soil. A summary of
encountered soils is provided below and site locations are presented in Figure 20-1. Detailed profile
descriptions are presented in Appendix 4 and Appendix 8. Profile photographs are presented in Appendix
5.

LF24-A

During previous studies, profiles were collected at this site on two occasions (Sampling-hi/h,).
Samplings encountered 6 cm of black clay with clayey gel with many dead roots. This was underlain, to
a depth of 12 cm, by dark greyish brown heavy clay with common roots and distinct jarosite coatings (30
%) along root channels. Underlying this, to a depth of 25 cm, was grey heavy clay with common roots ad
distinct jarosite coatings (30 %) along root channels. This was underlain, to the maximum extent of
investigation (50 cm), by dark grey heavy clay.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. Sampling-c encountered 15 cm of black organic rich
desiccated clay, which was underlain, to a depth of 30 cm, by reddish black slightly clayey fibric peat.
Sampling-d encountered 27 cm of black sapric peat with fine rootlets and few shells. Underlying this, to
depths of 55 and 46 cm, both samplings encountered dark grey clay with some roots and 5 to 10 % yellow
mottles associated with root channels. Underlying this, to the maximum extent of investigation (70 cm),
was dark bluish grey clay. Some jarosite mottles were noted in this layer during Sampling-d.

As part of this study, a UWS was used to collect subaqueous soil profiles (Samplings-e/f). The
investigation encountered 28 cm of very dark brown sapric peat with very dark grey clayey material in
the upper 5 cm. This was underlain, to depths of 37 to 42 cm, by dark grey heavy clay with 30 % jarosite
mottles in the lower half in Sampling-e. Underlying this, to depths of 56 to 57 cm, was very dark grey
heavy clay. This was underlain, to the maximum extent of investigation (76 to 87 cm), by dark grey
heavy clay.

LF24-B

During previous studies, profiles were collected at this site on two occasions (Sampling-hi/h,).
Samplings encountered 10 cm of black light clay with many dead roots. This was underlain, to a depth of
25 c¢m, by dark greyish brown heavy clay with common roots ad distinct jarosite coatings (15 %) along
root channels. Underlying this, to the maximum extent of investigation (50 cm), by dark grey brown
heavy clay.

When water levels rose and the study area became inundated (Samplings-c/d), a UWS was used to collect
subaqueous soil profiles on two occasions. The investigations encountered dark grey sand with few
medium roots. This was underlain, to depths of 33 and 28 cm, by light brownish grey sand. Distinct
jarosite mottles were present during Sampling-c and faint remnant jarosite mottles were noted during
Sampling-d. This was underlain, to the maximum extent of investigation (46 and 54 cm), by greyish
brown loamy sand with dark grey bands.

As part of this study, a UWS was used to collect subaqueous soil profiles (Samplings-e/f). The
investigation encountered 17 to 30 cm of very dark brown sapric peat. This was underlain, to depths of
42 to 50 cm, by dark grey heavy clay with common fine roots. Underlying this, to the maximum extent
of investigation (69 and 74 cm), was dark grey heavy clay.

20.3Soil acidity and acid-base accounting

Acid-base accounting was carried out according to the methods described in Section 2.3. Acid-base
accounting and pH data (pHox, pHine & pHw), for each soil layer, are presented in Figure 20-2. These
data were used to inform the acidification hazard assessment that is presented in Table 20-1.
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Figure 20-3 pH and acid-base accounting data plotted against depth for each profile collected

Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia
159



LF24 — LOWER FINNISS

20.4Summary and discussion

Acidification potential assessment and ASS material classification were carried out for each soil sample
collected, according to the definitions and methods presented in Section 1.3 and Section 2.4 respectively.
A summary of acidification potential and ASS material classification is presented in Table 20-1.

Acidification hazard assessment and ASS subtype classification were carried out for each soil profile
collected. ASS subtype classification was achieved using the methods described in Appendix 2.
Acidification hazard assessment was based on: (i) landscape position (Figure 20-2), (ii) soil morphology
(Section 20.2), (iii) acid-base accounting (Figure 20-3), (iv) pH data (Figure 20-3), (v) acidification
potential (Table 20-1) and (vi) ASS material and subtype classification (Table 20-1). Acidification
hazard categories were: (i) very low, (ii) low, (iii) medium and (iv) high. A summary of ASS subtype
classification and acidification hazard for each profile collected between November 2008 and June 2012
is presented in Table 20-1.

Soil profiles in the Lower Finniss comprised sulfuric and hypersulfidic soil with high acidification hazard
ratings (Table 20-1). Under drought conditions and shortly after reflooding (Samplings-h,/h,), acidity
within the profile comprised Scr, TAA and RA (Figure 20-3). These profiles were classified as sulfuric
and hypersulfidic with high acidification hazard ratings. By the time of Samplings-c/d, the sites had been
inundated for 12 and 18 months yet TAA was still present throughout the profiles (Figure 20-3). At the
time of Samplings-e/f, the sites had been inundated for approximately 2 and 2 % years respectively. No
significant changes were noted between Samplings-d & e/f. Prolonged inundation most likely
encouraged reducing conditions, leading to limited sulfate reduction and the transformation of previously
sulfuric sediments to hypersulfidic subaqueous soil (Table 20-2).

Although soils converted from sulfuric to hypersulfidic subaqueous, net acidities remained very high and
TAA and RA were still present in the profiles (Figure 20-3). Neutralisation was considered to be limited
at this site and the soil material was considered to pose a high acidification hazard (Table 20-1). On
drying, soil material is likely to re-acidify rapidly and may impact upon surface waters.

Overall, soil in the Lower Finniss was considered to pose a high acidification hazard.
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Table 20-1 Summary of acidification potential, ASS material classification, ASS subtype classification and
acidification hazard (* indicates sulfuric soil material). The soil texture in brackets following the ASS
subtype classification indicates the dominant texture of the profile

. Depth pHox PHine NA Acidification ASS material ASS subtype Acidification
Sample Sampling (cm) <25 <4.0 >0 potential classification classification hazard
LF24-A
LFh(1)24-A.1 hy 0-10 1 1 1 3* Sulfuric clay
LFh(1)24-A.2 hy 10-18 1 1 1 3* Sulfuric clay Sulfuric clay High
LFh(1)24-A.3 hy 18- 45 1 1 1 3* Sulfuric clay soil (clay) 9
LFh(1)24-A.4 hy 45 - 150 1 1 1 3 Hypersulfidic clay
LFh(2)24-A.1 h2 0-6 1 0 1 2 Hyposulfidic clay
LFh(2)24-A.2 h2 6-12 1 1 1 3* Sulfuric clay Sulfuric clay High
LFh(2)24-A.3 h2 12-25 1 1 1 3* Sulfuric clay soil (clay) 9
LFh(2)24-A.4 h2 25-50 1 1 1 3 Hypersulfidic clay
LFc24-A.1 c 0-15 1 0 1 2 Hyposulfidic clay Hypersulfidic
LFc24-A.2 c 15-30 1 1 1 3 Hypersulfidic fibric peat sﬁlga . High
LFc24-A.3 c 30-55 1 1 1 3 Hypersulfidic clay P sg“ (clay) 9
LFc24-A.4 c 55.70 1 1 1 3 Hypersulfidic clay Yy Y.
LFd24-A.1 d 0-27 1 0 1 2 Hyposulfidic sapric peat Hypersulfidic
LFd24-A.2 d 27-46 1 1 1 3 Hypersulfidic clay subaqueous High
LFd24-A.3 d 46-70 1 1 1 Hypersulfidic clay clay soil (clay)
LFe24-A.1 e 0-28 1 0 1 2 Hyposulfidic peat -
LFe24-A.2 e 28-42 1 1 1 3 Hypersufilidic heavy clay ;'zggrsuuégilg High
LFe24-A.3 e 42-52 0 1 1 2 Hypersufilidic heavy clay cla sgil (clay) 9
LFe24-A.4 e 52-87 1 1 1 3 Hypersufilidic heavy clay 4 Y.
LFf24-A.1 f 0-28 1 0 1 2 Hyposulfidic sapric peat -
LFf24-A.2 f 28-37 1 1 1 3 Hypersufilidic heavy clay gzgz’i“e'gi': Hiah
LFf24-A.3 f 37-57 1 1 1 3 Hypersufilidic heavy clay cla Sg” (clay) 9
LFf24-A4 f 57-76 1 1 1 3 Hypersufilidic heavy clay 4 Y
LF24-B
LFh(1)24-B.1 hy 0-05 1 0 1 2% Sulfuric clay
LFh(1)24-B.2 hy 0-10 0 0 1 1* Sulfuric clay Sulfuric cla
LFh(1)24-B.3 hy 10-18 0 1 1 2 Hypersulfidic clay soil (cla )y High
LFh(1)24-B.4 hy 18- 30 1 1 1 3* Sulfuric clay Y.
LFh(1)24-B.5 hy 30-70 1 1 1 3 Hypersulfidic clay
LFh(2)24-B.1 h2 0-10 1 1 1 3 Hypersulfidic clay -
LFh(2)24-B.2 h2 10-25 1 1 1 3 Hypersulfidic clay cTayngiu(lEgc) High
LFh(2)24-B.3 h2 25-50 1 1 1 3 Hypersulfidic clay Yy Y.
LFc24-B.1 c 0-15 1 1 1 3 Hypersulfidic clay Hypersulfidic
LFc24-B.2 c 15-50 1 1 1 3 Hypersulfidic clay subaqueous High
LFc24-B.3 c 50-70 0 1 1 2 Hypersulfidic clay clay soil (clay)
LFd24-B.1 d 0-17 1 0 1 2 Hyposulfidic sapric peat Hypersulfidic
LFd24-B.2 d 17-44 1 1 1 3 Hypersulfidic clay subaqueous High
LFd24-B.3 d 44-83 1 1 1 3 Hypersulfidic clay clay soil (clay)
LFe24-B.1 e 0-30 1 1 1 3 Hypersufilidic peat Hypersulfidic
LFe24-B.2 e 30-50 1 1 1 3 Hypersufilidic heavy clay subaqueous High
LFe24-B.3 e 50-69 0 1 1 2 Hypersufilidic heavy clay clay soil (clay)
LFf24-B.1 f 0-17 1 1 1 3 Hypersufilidic sapric peat Hypersulfidic
LFf24-B.2 f 17-42 1 1 1 3 Hypersufilidic heavy clay subaqueous High
LFf24-B.3 f 42-74 1 1 1 3 Hypersufilidic heavy clay clay soil (clay)
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Table 20-2 Summary of temporal and spatial variations and changes in ASS subtypes at each site (A & B). Note: (i) Cells shaded orange summarise data presented
within this report, (ii) all other cells are based on/extrapolated from data presented in Fitzpatrick et al. (2008a; 2008b; 2009b; 2008c) and (iii) cells bordered in blue

indicate subaqueous

Drought: pre el
. post Post drought Post-drought  Post-drought
L regulator Post drought :
ower Start regulator Summer Winter 2011 start summer start winter Summar
Finniss summer 2008 Summer 2011 d) 2011/12 2011/12 Y
(hy) 2009 (c) (e) f)
(h2)
"Classification . Sulfuric* Hypersulfidic | Hypersulfidic | Hypersulfidic | Hypersulfidic
& S CEY7 subaqueous subaqueous subaqueous subaqueous subaqueous
2pcid hazard H) - (CIH) - (CIH) cla (qH) cla (qH) cla (qH) During the extreme drought period (2007 to 2009) soil was hypersulfidic
LF24-A Dominant Y Y Y Y Y and Sulfuric. Inundation, following winter 2010, caused the formation of
water and LW& RWE UW & Sulfide | UW & Sulfide | Uw & Sulfide | UW & Sulfide | YPersulfidic subagueous soil.
Sulfuric Sulfuric
ASS process
'Classification ; Hypersulfidic | Hypersulfidic | Hypersulfidic | Hypersulfidic | Hypersulfidic
Sulfuric clay
& subaqueous subaqueous subaqueous subaqueous subaqueous . . . -
2pcid hazard (H) clay (H) clay (H) clay (H) clay (H) clay (H) During the extreme drought period (2007 to 2009) soil was hypersulfidic
LF24-B Dominant and Sulfuric. Inundation, following winter 2010, caused the formation of
water and LW & RW & Sulfide | UW & Sulfide | Uw & Sulfide | Uw & Sulfide | Uw & Sulfige | HYPersulfidic subagueous soil.
Sulfuric
ASS process

! Classification — Acid Sulfate Soil subtype classification

2 Acid hazard — Acidification hazard: H = High; M = medium; L = Low; VL = Very Low

Dominant Water process

LW — Lowering water level regime to expose soil to air due to drought conditions and water evaporation
UW — Unchanged water regime, which had not yet evaporated to expose soil to air
RW — Rising water level regime to inundate and saturate soils by reflooding (e.g. due to pumping,

regulator installation, river flow and groundwater)
RF — Rain fall rewetting and natural reflooding to inundate and saturate soils

Dominant ASS - process

Sulfuric — Sulfuricization - oxidation of pyrite in hypersulfidic material due to onset of aerobic conditions to
form sulfuric material

Sulfuric* — As above with acidic minerals and/or salt efflorescences noted (i.e. measurable RA)

Sulfide — Sulfidization due to sulfide accumulation to form hypersulfidic material

Monosulfide — Monosulfidization due to monosulfide accumulation to form monosulfidic material

Leach — Leaching of acid from soil by winter rain fall

Sulfuric subaqueous with overlying circa neutral water pH >4: = font coloured blue or default

Sulfuric subaqueous soil with overlying acid water pH <4: = font coloured red

Where h; to h; = historical sampling; (a) — (b) sampling conducted in this project
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21. Contaminant and Metalloid Dynamics

Summary

The contaminant and metalloid (CMD) dynamics data highlight a range of metal, metalloid and nutrient
contaminants in the soils of the three selected study areas: Dog Lake, Boggy Lake and Point Sturt. These
areas were selected because they had been impacted previously by oxidation and acidification of soils
during the drought, hence likely to contain metal and metalloid hazards. There was significant variation
between these sites, with Boggy Lake and Dog Lake soils displaying the highest hazards of acidity and
metals. However, there was also a large variation within individual soil profiles. The dominant controls
on metal and metalloid concentrations are pH and availability in the individual soil materials. Many of the
soils have remained acidic, especially beneath the surface soil layer, and many contaminants were present
at concentrations well above ANZECC Guideline values for freshwater ecosystems.

The more sandy surface soils at Point Sturt were very fresh and consistent with flushing of acidity and
solutes downwards in the soil profile. The soils at Boggy Lake and Dog Lake were also relatively fresh
but flushing was probably less, due to the more clayey nature of the soils. High SO,/CI ratios, however,
attest to a retardation of many solutes in all soils, probably due to the presence of hydroxysulfate minerals
which were identified in the soils during sampling. These have remained in the soils even after prolonged
inundation, and are most likely responsible for the increase in metals and metalloids in soil samples
during the dynamic tests.

There was generally very limited decrease in Eh in the experiments, most likely due to acid-generating
buffering hydroxysulfate minerals. Alkalinity generation has, for most soil materials studied, remained
negligible. The contaminants of concern highlighted in this section include ammonium and phosphate,
and a range of metal species including Al, Co, Fe, Ni and Zn. Other metals identified in some samples
include Be, Cr, Cu and Pb.

Comparisons of data from Sampling-e (November-December 2011) and Sampling-f (June 2012) indicate
that there has been little change in the bioavailability of many metals during the intervening time period.
The exception was at Dog Lake where the deeper soil layer increased in pH and as a consequence most
metals were present at much lower concentrations than previously. In addition, the metalloid As was
often lower in Sampling-f at all sites suggesting decreased bioavailability. During the tests, phosphate
was commonly below the detection limit at the start of the tests, but increased over time indicating a
potential hazard for nutrient release in these soils.

The CMD data provide a guide to the contaminant hazards present in the different soil layers.
Furthermore, they provide an indication of the likely pH and Eh buffering effects within the soils that
may control the pH and Eh condition of the soils, hence the speciation and mobility of metals, metalloids
and other contaminants.

21.1Introduction

The availability and mobilisation of metals is likely to change over time in response to physical factors
(e.g. advective vs. diffusional flow) and chemical factors (e.g. changes in pH and Eh, mineralogy,
sorption sites). A series of batch experiments were undertaken to help determine dynamic changes in
metal and metalloid concentrations over time, based on a procedure used by the MDBA (2010) for
selected metals.

One aim of these contaminant mobilisation and dynamics (CMD) tests was to determine how metal and
metalloids change as dry oxidised wetland soils return to a more reducing environment following re-
saturation. In the present context, some of the soils had been re-wet for a prolonged period and some
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changes have already occurred. The CMD method was designed to determine the release of metals and
metalloids in soils after 24 hours and then over longer time periods. The data represent the availability of
metals and metalloids mobilised during a weak extraction (water, and thus easily bioavailable). The
exercise was repeated in a batch process for longer time periods (7, 14, 35 and 56 days). The soail
materials and the release/uptake of metals/metalloids are expected to change as the chemical environment
changes from more oxidising to more reducing as the soils return to their previous condition prior to
drying.

The tests were studied under closed system conditions in the laboratory. Therefore, the data serve only as
a guide to the availability of contaminants, and care is needed when extrapolating potential impacts to
open systems especially without knowledge of hydrological conditions and natural chemical barriers. 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.

Redox potential (Eh) and pH were determined using calibrated electrodes linked to a TPS WP-80 meter;
Eh measurements were undertaken in an anaerobic chamber to minimise the rapid changes encountered
due to contact with the atmosphere, and are presented relative to the standard hydrogen electrode (SHE).
Specific electrical conductance (SEC) was determined using a calibrated electrode linked to a TPS WP-81
meter. All parameters were measured on filtered (0.45 pm) water samples. Filtered samples were also
collected for a wide range of major, minor and trace elements by Inductively Coupled Plasma Optical
Emission Spectrometry (ICP OES), Inductively Coupled Plasma Mass Spectrometry (ICP MS) and ion
chromatography using appropriately diluted calibration standards. The method was modified from
MDBA (2010) only in that additional solutes (major, minor and trace elements and nutrients) were
measured.

Four core samples were collected on two occasions (November-December 2011 and June 2012) and
sample numbers and depths shown in Table 21-1. On both occasions, a single profile was collected from
both Boggy Lake (LF 20) and Dog Lake (LF 19) in the north-west of Lake Alexandrina and two profiles
from Point Sturt (LF 02) in the south west of Lake Alexandrina.

Table 21-1 Samples and sample depths for Contaminant and Metalloid Dynamics tests.

Location Sample Number Depth Interval (cm) Depth Interval (cm)
Phase e Phase f
Point Sturt LF02-A.1 0-13 0-8
LF02-A.2 13-25 8-23
LF02-A.3 25-57 23-42
LF02-A.4 57 - 69 42 - 67
LF02-D.1 0-8 0-11
LF02-D.2 8-19 11-25
LF02-D.3 19-31 25-40
LF02-D.4 31-47 40-72
Dog Lake LF19-A.1 0-16 0-18
LF19-A.2 16 -24 18-32
LF19-A.3 24 — 46 32-42
Boggy Lake LF20-A.1 0-10 0-8
LF20-A.2 10-17 8-18
LF20-A.3 17-30 18 - 42
LF20-A.4 30-55 42 - 57
LF20-A.5 55 - 89 57 -92
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21.2 Boggy Lake

21.2.1 Hydrochemical characteristics

The shallow and intermediate soils at Boggy Lake remained largely acidic during Sampling-e and
Sampling-f throughout the 56 day period (Figure 21-1), with only the deepest layer remaining
circumneutral throughout. The pH of the surface layers were quite strongly acidic, with most displaying a
decrease in pH to a minimum of pH 3.24. The acidity and alkalinity trends reflected the pH with
moderate alkalinity in the deepest soil layer, and high acidity in the shallower layers. The pH of the
surface layer during Sampling-e increased slightly with time, but the sample collected for Sampling-f
decreased in a similar manner to the underlying soils. The decrease in pH during the tests was often
accompanied by an increase in Eh to strongly oxidising conditions, but with the surface soil showing the
opposite trend, especially in the sample from Sampling-f, where Eh was moderately reducing by day 56
(Figure 21-1).

The SEC showed little change over the 56 day period in both samplings and remained below ANZECC
Guidelines for freshwater ecosystems. The SEC was lowest in the surface soil layer during both periods,
typically being highest at intermediate depths before decreasing in the deepest soil layer samples.

21.2.2 Major elements

Selected major element data are shown on Figure 21-2. Chloride concentrations were relatively low,
especially in the surface layers, and showed no clear trend over time in the tests. Lower Cl in the
intermediate depth sample (8-18 cm depth) during Sampling-f is consistent with the lower SEC (Figure
21-1) compared with Sampling-e. Sulfate was the dominant anion, and concentrations were high in all
samples, either increasing slightly over time or remaining stable. The SO,/CI ratios were very high (1.8 to
9.7) in comparison with seawater (0.142), most likely as a consequence of hydroxyl-sulfate mineral
dissolution.

The major cation Na displayed a general increase in the deeper soil pore waters, whilst Ca increased until
the deeper layer where it decreased significantly. The major element data suggest limited changes for
most soil pore waters, with increases most likely due to mineral dissolution and/or exchange reactions.
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Figure 21-1 CMD data for pH, SEC, Eh and acidity/alkalinity in Boggy Lake soil waters for Sampling-e (left)
and Sampling-f (right). Where alkalinity was present, it has been assigned a negative number for plotting
purposes. Dotted lines show ANZECC Guideline values (see text for details).
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Figure 21-2 CMD data for selected major elements for Sampling-e (left) and Sampling-f (right) in Dog
Lake samples. Dotted lines show ANZECC Guideline values (see text for details).
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21.2.3 Nutrients

Selected nutrient data are shown on Figure 21-3. Total dissolved nitrogen concentrations were 0.3-0.9 mg
I* N. Most samples showed little change over the 56 day period. Nitrate was below the limit of detection
in all samples (<0.05 mg I'") in Sampling-e, but present up to 0.5 mg I"* in the longer time period samples
in Sampling-f. The dominant N-species was NH,4-N (Figure 21-3) and displayed similar behaviour in both
sampling periods, with low concentrations at depth and the highest concentrations in the 10-17 c¢cm soil
layer. Nitrite was also present at below detection limit (<0.005 mg I"*) in most samples, the exception
being a deeper sample (30-55 cm) in both samplings, where NO,-N was present up to 0.07 mg I™.
Phosphate concentrations generally increased over time in Sampling-e, although maxima were observed
in the shallow and deep layers (Figure 21-3).Concentrations were significantly lower in Sampling-f,
suggesting that P was becoming less available over time. Dissolved organic carbon (DOC) concentrations
were variable in the different soil layers in Sampling-e, displaying little change over time, but were less
variable in Sampling-f. The nutrient data suggest that changes in species and release may be significant as
the soils age, especially for phosphate and nitrate, but there was little change in ammonium and nitrite.

21.2.4Trace elements

Selected trace elements for the CMD are shown on Figure 21-3 and Figure 21-4. The concentrations of a
number of metals are high and above ANZECC Guideline values for freshwater ecosystems. In general,
the highest concentrations were present in the intermediate soil layers, and lowest in the higher pH deep
clay layer (Figure 21-1). Aluminium was high in all samples, consistent with acidic conditions, but the
high concentrations in the deepest layer most likely reflects colloidal Al. Concentrations were lower in
Sampling-f for some soil layers, despite similar pH, possibly indicating that Al has become less available
or that it existed as colloids which have been modified over time.

For most metals, there has been little change between samplings, with solutes such as Co, Fe, Ni and Zn
continuing to be released in the tests. Arsenic concentrations did show a slight decrease in Sampling-f
when compared to Sampling-e in some soil layers suggesting that this metalloid may be coming more
strongly bound over time. The Eh of the soils was too high for significant pyrite formation to be
responsible for removal of As.

The dominant control on most metal and metalloid concentrations appears to be pH, with the highest
solute concentrations present at low pH in the most acidic solutions (Figure 21-6). There is significant
overlap between Sampling-e and Sampling-f, the exceptions being lower As and all metals and metalloids
studied in the deeper soil layer. The clearest trends were for metal cations, with high concentrations of
many metals, especially at pH<5. For Sampling-f, the maxima for Ni and Zn were slightly higher in
sampling-f, but this may well be due to soil heterogeneity.
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Figure 21-3 CMD data for selected nutrients in Boggy Lake for Sampling-e (left) and Sampling-f (right) in
Dog Lake samples. Dotted lines show ANZECC Guideline values (see text for details).
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Figure 21-4 CMD data for selected trace elements in Boggy Lake for Sampling-e (left) and Sampling-f
(right) in Dog Lake samples. Dotted lines show ANZECC Guideline values (see text for details).

170 Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia



CONTAMINANT AND METALLOID DYNAMICS

—e— LF20A.1(0-10)

% - —e— LF20A.2(10-17) % -
Sampling-e o LF20A.3 (17 - 30) Sampling-f | —e— LF20A.1(0-8)
2 —o— LF20A.4 (30 - 55) 2 —e— LF20A.2(8-18)

LF 20A.4 (55 - 89) —8— LF 20A.3 (18-42)

—o— LF20A.4 (42-57)

20 20
Ea =~ LF 20A.4 (57-92)
E S
2 15 Z 15
o o
© o
10 10
5 5
0 T T T T T [ T T T T .
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Day number Day number
70
60 4 60
50
N T 40
2 =2
2 <
z Z 309
20
‘ ‘ : ‘ : o"”.;:*‘\‘ o __
0 10 20 30 20 50 60 0 10 20 30 40 50 60
Day number Day number

2 E}
2 =
< o
N N
Day number Day number
12
10
8
2 s 2
> >
4
2
0¥ T T T T T
0 10 20 30 40 50 60 60
Day number Day number

Figure 21-5 CMD data for selected trace elements in Boggy Lake for Sampling-e (left) and Sampling-f
(right) in Dog Lake samples. Dotted lines show ANZECC Guideline values (see text for details).
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CONTAMINANT AND METALLOID DYNAMICS

21.2.5Summary of Boggy Lake

The CMD data show that a number of contaminant hazards are present and likely to be mobilised in the
soils. These include reduced and oxidised forms of N as well as PO,. A number of metals were also high,
particularly Al (up to 18 mg I™). Other metals of concern include As, Cu, Cr, Co and Ni. All soils
remained oxidising, with the exception of the shallow soil layer in where Eh decreased in the tests over
time. There was considerable overlap between Sampling-e and Sampling-f in the upper soil layers, the
exception being lower concentrations of arsenic in the later sampling.

21.3 Dog Lake

21.3.1 Physicochemical characteristics

The profiles at Dog Lake remained acidic during Sampling-e throughout the 56 day period (Figure 21-7),
but the deepest layer during Sampling-f was circumneutral throughout, indicating that this soil is well
buffered. The pH of the surface layers was very acidic, with a minimum pH of 3.00. The acidity and
alkalinity trends reflected the pH with the generation of significant alkalinity in the deepest soil layer
during Sampling-f, and high acidity in the shallower layers and the deep layer during Sampling-e.

The SEC showed little change over the 56 day period in Sampling-e and remained below ANZECC
Guidelines for freshwater ecosystems. For sampling-f, the SEC was lower in the 18-32 cm layer, possibly
due to on-going infiltration of surface water. The deeper soil layer displayed an increase in SEC over time
before levelling out on day 14. Although the samples were in sealed airtight containers, there was little
change towards more reducing conditions; in contrast to what was expected, the Eh increased, especially
in the acidic shallower layers, with a steeper gradient in the first 14 days. There would thus appear to be
limited acid buffering in the shallow soils studied, and the timescales of recovery would appear to be
significant. The Eh was lower in the deep sample in Sampling-f suggesting a trend towards more reducing
conditions.

21.3.2 Major elements

Selected major element data are shown on Figure 21-8. Chloride concentrations were relatively low,
especially in the surface layers, and there was no clear trend over time in the tests. Lower Cl in the
intermediate depth sample during Sampling-f is consistent with the SEC. For SO,4, concentrations were
high in all samples, either increasing slightly over time or remaining stable. The SO,/CI ratios were very
high (16-31) in comparison with seawater (0.142), most likely as a consequence of hydroxyl-sulfate
mineral dissolution. The major cations Na and Ca displayed an increase in the deeper soil pore waters.
The increase in Ca was very significant in the deepest soil profile, and correlated with increased SO,.
Abundant gypsum was observed in the deeper clays elsewhere in Dog Lake, and gypsum dissolution is
the most likely cause of this trend. The major element data suggest limited changes for most soil pore
waters, with increases most likely due to mineral dissolution and/or exchange reactions.
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21.3.3 Nutrients

Selected nutrient data are shown on Figure 21-9. Total dissolved nitrogen concentrations were 0.3-3.4 mg
I"* N. Most samples showed little change over the 56 day period. Nitrate was below the limit of detection
in all samples (<0.05 mg I™") in Sampling-e, but present up to 0.14 mg I* in deeper soil layers in
Sampling-f. The dominant N-species was NH,;-N (Figure 21-9). In Sampling-e, the highest concentrations
were at depth, but this was reversed in Sampling-f. Nitrite was also present at below detection limit
(<0.005 mg I'Y) in most samples, the exception being the deeper sample in Sampling-f, where NO,-N was
present on days 35 and 56. This coincided with a decrease in NH,-N, and may therefore be related to
conversion of N-species. Phosphate concentrations increased over time in Sampling-e, being initially
below the limit of detection (<0.005 mg I in all samples on day 1. Concentrations were significantly
lower in Sampling-f, suggesting that P was becoming less available over time. Dissolved organic carbon
(DOC) concentrations were generally low, displaying little change over time. The nutrient data suggest
that changes in species and release may be significant as the soils age, especially for phosphate and the
reduced N-species nitrite and ammonium.

21.3.4Trace elements

Selected trace elements for the CMD are shown on Figure 21-10 and Figure 21-11. The concentrations of
a number of metals are high and above ANZECC Guideline values for freshwater ecosystems. In general,
the highest concentrations were present in the intermediate soil layers (depths 16-46 cm), and lowest in
the higher pH deep clay layer (Figure 21-10) for Sampling-e. For the sandy upper soil layer waters, there
is generally no consistent trend and concentrations remained high over the 56 days of testing. The major
exception was Fe, which decreased in the acidic samples to relatively low concentrations by day 14,
although the reasons for this are not yet clear: it may, for example, be due to an unusual Fe oxyhydroxide
phase at the high Eh and low pH conditions of the sample. Manganese on the other hand remained
moderately high over the duration of the tests and more closely follows the other metals. For Sampling-f,
the trends were generally quite similar, the main exception being that concentrations in the deeper higher
pH layer had decreased dramatically. Taking into account soil heterogeneity, the concentrations displayed
a similar range in concentrations between the two samplings. The exception is for arsenic (As), where
concentrations were lower in Sampling-f (Figure 21-10), suggesting a decrease in bioavailability over
time.

The dominant control on most metal and metalloid concentrations appears to be pH, with the highest
solute concentrations present at low pH in the most acidic solutions (Figure 21-12). There is significant
overlap between Sampling-e and Sampling-f, the exceptions being lower As and all metals and metalloids
studied in the deeper soil layer. The clearest trends were for metal cations. Iron, however, was very low in
some of the most acidic samples as discussed previously, but appeared not to exert a major control on
metal mobility in the latter stages of the tests. The reason for the decrease in Fe is not clear, but with the
noted concomitant increase in Eh, it is likely that it is due to formation of a hydroxysulfate mineral. The
change to higher pH and alkalinity in the deepest soil layer in Sampling-f led to a decrease in the
solubility of most metals and metalloids, suggesting an improvement in the acidification potential of the
deeper soils. The sample still contained jarosite mottling around the roots, but was dark grey in colour. It
is possible that the increase in pH is due to sulfate reduction and/or the dissolution of oxidised Fe
minerals generating alkalinity.

176 Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia



1.0
Sampling-e
0B
./.7 Py Py °
> 061
E
Z
E ]
Z o4
0.2 4
0.0 T T T T T
0 10 20 30 40 50 60
Day number
08

—0— LF19A.L(0-16)  |oovoeerooiniaannne
—e— LF19A.2 (16 - 24)
61| —e— LF19A.3 (24 - 46)

NO, (mg I'")
o
=

Day number

0.035

0.030 A

0.025 4

0.020 4

0.015 4

PO,-P (mg I)

0.010 A

0.005 4

0.000

0 10 20 30 40 50 60

Day number

DOC (mg I)
-
o

0.0 T T T T T
0 10 20 30 40 50 60

Day number

Figure 21-9 CMD data for selected nutrients in Dog Lake for Sampling-e (left) and Sampling-f (right) in

NH,-N (mg 1)

NO, (mg I'Y)

PO,-P (mg I'")

DOC (mg 1)

CONTAMINANT AND METALLOID DYNAMICS

08

0.6

04

0.2

Sampling-f

0.0

10 20 30 40 50 60

Day number

08

0.6

04

02

05

0.0

—0— LF19A.1(0-18) | rooooiiioeiii]
—e— LF19A.2 (18-32)
—e— LF19A.3(32-42)

T T T T T
0 10 20 30 40 50 60
Day number
__ 0
Py
oo —8——
0 10 20 30 40 50 60
Day number

e

0 10 20 30 40 50 60

Day number

Dog Lake samples. Dotted lines show ANZECC Guideline values (see text for details).

Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia

177



CONTAMINANT AND METALLOID DYNAMICS

14 14
12 4 12
10 10
T R
) )
E E
I 64 < 6
4 4 —e— LF19A.1(0-18)
—e— .
g 2‘1’616)2 Y —o— LF19A.2 (18-32)
J . B iNQ- —o— -
2 Sampling-e —— LF 19A.3 (24 - 46) z1 Sampling-f LF 19A.3 (32-42)
0 T T T 1 T o *——o T ——— T °
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Day number Day number
35 30
30 4 2
25 4
20
PR T
o =3
E E 15
g 154 e
10
10 4
5 5
[} PN o) ° o o - - . . Py
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Day number Day number
1800 1800
1600 4 1600
1400 4 1400
1200 ./»—"/‘\‘ 1200
= =3
= =
EE s s
600 .\0\./‘—. 600
400 - o 4 o
200 200
0 T T T T T o T T T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Day number Day number
14 14
12 4 "
10 4
10
~ 8 —~
“_ 8
j= =3
2 6 2
2 {2 s

0 10 20 30 40 50 60 0 10 20 30 40 50 60

Day number Day number

Figure 21-10 CMD data for selected trace elements in Dog Lake for Sampling-e (left) and Sampling-f
(right) in Dog Lake samples. Dotted lines show ANZECC Guideline values (see text for details).

178 Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia



35

30 4

25 4

Co (ug I")

20 4

154

Sampling-e

160

0 10 20 30 40 50 60

Day number

140 4

120 4

100

Ni (ug ")

60 1

40 -

20 4

80 4

50

Day number

40 4

30

Zn (ug I'")

20 4

10 A

40

10 20 30 40 50 60

Day number

30

Y (ug )

Day number

Co (ug I")

Ni (ug I")

Zn (ug I'")

Y (kg 1)

CONTAMINANT AND METALLOID DYNAMICS

35
Sampling-f
30
25
2 ./0—07/40/.
; ./.\‘///0’——.
10 —e— LF19A.1(0-18)
—e— LF19A.2 (18-32)
5 —e— LF19A.3 (32-42)
0 oo T —— T ‘
0 10 20 30 40 50 60
Day number
160
140
120
100
80
60
40
20
i -‘. ...... S - o “-
0 10 20 30 40 50 60
Day number
50

40 ./.\,7/4.7/40
2 ./.\k/.\.

20
10
0 10 20 30 40 50 60
Day number
40
30
20
10
0 *——=8 T —— T o
0 10 20 30 40 50 60
Day number

Figure 21-11 CMD data for selected trace elements in Dog Lake for Sampling-e (left) and Sampling-f
(right) in Dog Lake samples. Dotted lines show ANZECC Guideline values (see text for details).

Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia

179



CONTAMINANT AND METALLOID DYNAMICS

14 14
@ T e
12 ... @ sampling-e 12 4
Q@ © Sampling-f
10 e Dy 10 ()
—~ (05 —~ [}
T g 000 T g ®
o (=2
E ° 2
Z s © 2 6 )
[}
4 4 4
2 2 % .~
8 °
0 @ 0 ‘ ‘ ()
2 3 4 5 6 7 8 2 3 4 5 6 7 8
pH pH
16 s 35
14 30 °
12 ) 2 | ‘. 10
@
~ 10 .. _ @
= o0 = 20
2 s () 2 (] ® o
= (] o 154
o ‘. i (@]
10
q e e 8
5
24 0® @ ] o®
0 ’ [} ) P ‘ ..................................... (o TES
2 3 4 5 6 7 8 2 3 4 5 6 7 8
pH pH
1800 160
........................................................................ %)
1600 140 | :
1400 [} 120 4 o
% 0,0
1200 @ ( 4
PN @ o . 100 [
= 1000 = )
= ° oo g2 80 0.3
800 g
s P z .l 8 g
600 o0 L ®
400 @ “1
200 20 1
0 0 (@)
2 3 4 5 6 7 8 2 3 4 5 6 7 8
pH pH
40 50
[
e® 40 1
30
o 8
T 5 z®
2 2 ® g
N & ® & 20|
10
10
0 (@) 0
2 3 4 5 6 7 8 2 3 4 5 6 7 8
pH pH

Figure 21-12 Selected solute concentrations for the CMD tests plotted against pH. Dotted lines show
ANZECC Guideline values (see text for details).

180 Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia



CONTAMINANT AND METALLOID DYNAMICS

21.3.5Summary of Dog Lake

The CMD data show that a number of contaminant hazards are present and likely to be mobilised in the
soils. These include reduced forms of N as well as PO4. A number of metals were also high, particularly
Al (up to 13 mg I'Y). Other metals of concern include As, Cu, Cr, Co and Ni. All soils remained oxidising,
but some were dark grey in colour and appeared to be transitioning to more reduced soils (albeit with
small patches of natrojarosite). There was considerable overlap between Sampling-e and Sampling-f in
the upper soil layers, the exception being lower concentrations of arsenic in the later sampling. The
deepest soil layer changed from acidic to neutral in terms of pH between samplings, and along with this
increase in pH, much lower concentrations of metal and metalloid concentrations.

21.4 Point Sturt - Site 02a

21.4.1 Physicochemical characteristics

This site is one of two selected for CMD analyses. Site A (LF02A) is situated furthest from the shore,
and site D (LF02D) data is presented in the next section (Section 21.5).

The profiles at site 02A remained acidic during Sampling-e throughout the 56 day period (Figure 21-7),
with a slight decrease between day 1 and day 56 (Figure 21-13). In Sampling-f, the pH of the surface soil
layer samples had increased significantly, suggesting some loss of acidity. The deeper layers remained
moderately acidic, decreasing over time in both samplings, with a minimum pH of 3.81. The acidity and
alkalinity trends reflected the pH with the significant alkalinity in the shallow soil layer during Sampling-
f, and high acidity in the deeper layers.

The SEC was relatively low in all samples, and in most samples it increased over time, although all
samples remained below ANZECC Guidelines for freshwater ecosystems. For sampling-f, the SEC was
lower in the top three layers, possibly due to on-going infiltration of surface water. Although the samples
were in sealed airtight containers, there was little change towards more reducing conditions; in contrast to
what was expected, the Eh, with a steeper gradient in the first 14 days for Sampling-e. There would thus
appear to be limited acid buffering in the shallow soils studied, and the timescales of recovery would
appear to be significant. The Eh decreased initially in the surface soil layer in Sampling-f, but increased
again by day 35 (Figure 21-13).

21.4.2 Major elements

Selected major element data are shown on Figure 21-14. Chloride concentrations were low, especially in
the surface layers, and there was no clear trend over time in the tests. Concentrations were significantly
lower in Sampling-f, especially in the shallower layers, consistent with the SEC. For SO,4, concentrations
were high in all samples compared to Cl. For Sampling-e, concentrations increased consistently over
time, whilst for Sampling-f they increased initially before plateauing after day 14. The SO,/CI ratios were
very high (6-14) in comparison with seawater (0.142), most likely as a consequence of hydroxyl-sulfate
mineral dissolution. The ratios were also higher in Sampling-f, likely due to dissolution of residual sulfate
from the soils. The major cations Na and Ca displayed a slight increase over time in Sampling-e, but
remained relatively flat in Sampling-f. The major element data suggest limited changes for most soil pore
waters, with increases most likely due to mineral dissolution and/or exchange reactions.

Recovery of re-flooded acid sulfate soil environments around Lakes Alexandrina and Albert, South Australia
181



CONTAMINANT AND METALLOID DYNAMICS

9
Sampling-e Sampling-f
8
7
r ° T
S &
5
4
3 3
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Day number Day number
2500 2500
—®— LF02A.1(0-13) —e— LF02A.1(0-8)
2000 —0— LF02A.1(13-25) 2000 —e— LF02A.1(8-23)
—®— LF02A.1(25-57) —e— LF02A.1(23-42)
- —0— LF02A.1 (57-69) N —0— LF02A.1 (42-67)
£ 1500 1 £ 1500
S S
%) %)
2 e
8 8
W 1000 4 W 1000
7] 7]
500 - 500
ngﬁ;cpﬁc Lo o ’:2
0 T T T T T ¥ T : - T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Day number Day number
800 800
600 | 600
s s
E 400 E o
= e <
w w
200 200
0 T T T T T } T T T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Day number Day number
16 16
1.4 1.4
~ 12 o~ 12
g 10 g 10
E £
> 084 > 08
£ £
© 0.6 T 06
x x
§ 0.4 § 0.4
2 o021 g o2
< <
0.0 V 0.0
02 %’/ 0.2 .}/.\‘/\‘?
0.4 1 T T T T T 0.4 T T T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Day number Day number
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21.4.3 Nutrients

Selected nutrient data are shown on Figure 21-15. Total dissolved nitrogen concentrations varied from
0.08-0.4 mg I N. Most samples showed little change over the 56 day period. Nitrate was below the limit
of detection in all samples (<0.05 mg I™") in Sampling-e, but present up to 0.22 mg I in deeper soil layers
in Sampling-f on day 56. The dominant N-species was NH,-N (Figure 21-15). The highest concentrations
were at depth, and concentrations were lower in the surface layers for Sampling-f. Nitrite was below
detection limit (<0.005 mg I'%) in all samples. Phosphate concentrations increased over time in Sampling-
e, being initially below the limit of detection (<0.005 mg I'%) in all samples on day 1. Concentrations were
significantly higher in Sampling-f, suggesting that P was becoming more available over time. Dissolved
organic carbon (DOC) concentrations were generally low, displaying little change over time. The nutrient
data suggest that changes in species and release may be significant as the soils age, especially for
phosphate and the N-species nitrate and ammonium.

21.4.4 Trace elements

Selected trace elements for the CMD are shown on Figure 21-16 and Figure 21-17. The concentrations of
most metals were relatively low initially, but some increased to concentrations above ANZECC
Guideline values for freshwater ecosystems with time. Aluminium increased above the ANZECC
Guideline value in the surface sample during Sampling-e and Sampling-f, and the deep sample in
Sampling-f. Manganese and Fe showed contrasting behaviour, with Mn increasing over time (but well
below the ANZECC Guideline, and Fe decreasing (Figure 21-16). Arsenic was present at relatively low
concentrations, with little difference between the two sampling periods.

The transition metals Co, Ni and Zn all increased in the initial stages of the tests, and in some cases went
above the ANZECC Guideline. For the intermediate depth samples, there was little change between
Sampling-e and Sampling-f, but the shallower layer typically displayed a much lower increase in
concentrations in Sampling-f, and the deeper layer had higher concentrations (Figure 21-17).

The dominant control on most metal concentrations appears to be pH, with the highest solute
concentrations present at pH<4.5 (Figure 21-18). The metalloid, As, showed no clear trend with pH.
There is significant overlap between Sampling-e and Sampling-f. The clearest trends were for metal
cations. Iron, however, was very low in some of the most acidic samples, but appeared not to exert a
major control on metal mobility in the latter stages of the tests.

21.4.5 Summary of Point Sturt 02a

The CMD data show that the concentrations of most contaminants are relatively low, but increased over
time. These include reduced forms of N as well as PO4. A number of metals were also high, particularly
Al (up to 13 mg I'). Other metals of concern include As, Cu, Cr, Co and Ni. This indicates that the these
metals are bioavailable and can be mobilsed if current conditions change. All soils remained oxidising,
and Eh typically increased with time, possibly buffered by hydroxysulfate miner dissolution. There was
considerable overlap between Sampling-e and Sampling-f in the upper soil layers indicating little change
in the bioavailability of contaminants during this period of time.
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