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EXECUTIVE SUMMARY

The Mildura region is located on the riverine plain of the River Murray on the Victoria and
New South Wales border. The wetlands examined in this study were situated to the south-
east and north-west of the town of Mildura, Victoria. The Mildura region largely consists of
flat alluvial plains created by regular flooding of the River Murray. Water from both the
Murray and Darling Rivers is used extensively for irrigation, and supports a diverse
horticultural industry that produces a range of fruit and vegetable crops as well as grains,
olives, dried fruits and wine. The wetlands assessed in this region include depressions such
as lakes, partially in-filled prior channels and billabongs on the River Murray floodplain.
Previous studies have found wetlands in the Mildura area, such as Boeill Creek and Bottle
Bend Lagoon, to be highly acidic (i.e. pH < 4) (Tulau 2009). Acidification of Bottle Bend
Lagoon in 2002, located to the south-east of Mildura, resulted in substantial fish kills
following partial drying (McCarthy et al. 2006). Evidence of the presence of oxidised acid
sulfate soils suggest these soils may have contributed to this fish kill (Lamontagne et al.
2006).

The Murray-Darling Basin Authority (MDBA), in partnership with its Partner Governments and
scientists, instigated the Murray-Darling Basin Acid Sulfate Soil Risk Assessment Project
(MDB ASSRAP), which aims to assess the spatial extent of, and risks posed by acid sulfate
soil materials in the Murray-Darling Basin. The MDB ASSRAP project also aims to identify
and assess broad management options.

The MDBA Acid Sulfate Soil Risk Assessment Advisory Panel prioritised 96 wetlands
throughout the Murray-Darling Basin for detailed acid sulfate soil assessment. This report
provides the results of Phase 1 of a two-phased detailed acid sulfate soil assessment
procedure for priority wetlands in the Mildura region. This Phase 1 report is aimed solely at
determining whether or not acid sulfate soil materials are present in the eight Mildura region
priority wetlands.

This study identified the presence of acid sulfate soil materials in 19 of the 52 sites examined
in the Mildura region. The type and prevalence of acid sulfate soil materials observed in
each wetland is summarised in the table below. The presence of acid sulfate soils was
identified in all wetlands except Lake Iraak (40175).

Type and prevalence of acid sulfate soil materials in each wetland.

Type of actual or potential Wetland ID (No. of sites)
acid sulfate soil material 40156 40175 40190 40864 40805 40856 21920 21921

Sulfuric 0 0 2 0 2 0 0 0
Hypersulfidic 2 0 0 3 2 1 3 2
Hyposulfidic (Scg = 0.10%) 0 0 0 3 0 3 3 0
Monosulfidic (observed) 2 0 0 3 0 3 4 0
Monosulfidic (potential) 12 7 4 4 8 4 7 4
Hyposulfidic (Scr < 0.10%) 3 0 0 2 0 3 3 0
QreseGLET 7 a2 o s o a2
Other soil materials 1 8 0 1 0 1 0 0
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Sulfuric materials were observed at four sampling sites. The reduced inorganic sulfur
content of the samples was high in some areas (i.e. Scg was up to 2.19%). Hypersulfidic soil
materials were present in 13 soil profiles (eight of these profiles also contained hyposulfidic
materials), and another three soil profiles contained hyposulfidic materials with Scg = 0.10%.
Monosulfidic soil materials were observed at 23% (i.e. 12) of the sampling sites. An
additional three soil profiles contained hyposulfidic materials with Scg < 0.10%. These
results indicate that acidity would be produced upon oxidation of sulfides in some of these
materials.

A total of 50 surficial soil materials contained soluble sulfate equal to or in excess of the 100
mg/L trigger value for monosulfidic black ocoze (MBO) formation potential. The potential
formation of MBO was identified in all of the wetlands examined. Other acidic soil materials
were also observed at an additional 20 sites.

Based on the priority ranking criteria adopted by the Scientific Reference Panel of the
Murray-Darling Basin Acid Sulfate Soil Risk Assessment Project, there were four high priority
sites based on the presence of sulfuric material, 13 high priority sites based on hypersulfidic
material, nine high priority sites based on hyposulfidic (Scg = 0.10%) material and 12 high
priority sites based on monosulfidic material. There were 11 moderate priority sites based on
the presence of a hyposulfidic material with Scg < 0.10%. In addition, 50 of the 52 sampling
sites had a high priority ranking for Phase 2 detailed assessment based on MBO formation
hazard. All wetlands in the Mildura region receive a high priority ranking on at least one of
the criteria.

The potential hazards at the wetland-scale posed by acid sulfate soil materials in priority
wetlands in Mildura region are as below:

e Acidification hazard: The data indicate that with predominantly low to moderate net
acidities within the wetlands the overall degree of acidification hazard is moderate.
Brickworks Lagoon wetland (40864) is the only exception, with a high acidification
hazard due to the presence of hypersulfidic soil materials with high net acidities in
17% of layers.

e Deoxygenation hazard: High monosulfide concentrations (Say < 0.42% S) in surface
soils in three wetlands (i.e. Brickworks Lagoon (40864), Boeill Lagoon (21920) and
Outlet Creek (40856)) represent a high deoxygenation hazard. In addition, the
soluble sulfate contents of surface soil materials at 50 sites were equal to or greater
than the trigger value for MBO formation indicating the possible development of an
appreciable deoxygenation hazard at those locations after prolonged wet conditions.

¢ Metal mobilisation: The moderate to high acidification hazard in some of the wetlands
indicates that soil acidification may increase the solubility of metals. The presence of
monosulfidic materials in some surface soils at three wetlands and the potential for
MBO formation identified in all wetlands may also result in an appreciable metal
release hazard. This would depend on factors such as the potential for MBO
formation and the metal loading in the wetland.
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1. INTRODUCTION

1.1. Region overview

The Mildura region is located on the riverine plain of the River Murray on the Victoria and
New South Wales border. The wetlands examined in this study were situated to the south-
east and north-west of the town of Mildura, Victoria. The Mildura region largely consists of
flat alluvial plains created by regular flooding of the River Murray. Water from both the
Murray and Darling Rivers is used extensively for irrigation, and supports a diverse
horticultural industry that produces a range of fruit and vegetable crops as well as grains,
olives, dried fruits and wine.

The wetlands assessed in this region included depressions such as lakes, partially in-filled
prior channels and billabongs on the River Murray floodplain. Wetlands on the edge of the
floodplain were typically bounded by undulating, red sandy rise country. Wetlands away
from the higher country are under grazing or Parks Victoria land-use. Vegetation
communities above the channels often featured box woodland, and river red gum zones in
different stages of maturity or mortality. Most sites examined supported a cover of low,
succulent shrubs, and patches or zones of reeds such as Phragmites, Typha and Juncus
spp. Most of the recently inundated wetlands were bare when this study was undertaken.
Salinity was evident at many sites at the time of sampling, in the form of salt crystals on the
soil surface and/or crystal plate formations associated with pools.

Previous studies have found wetlands in the Mildura area that were formed on former lake
basin sediments, such as Boeill Creek and Bottle Bend Lagoon, to be highly acidic (i.e. pH <
4) (Tulau 2009). Acidification of Bottle Bend Lagoon in 2002, located to the south-east of
Mildura, resulted in substantial fish kills following partial drying (McCarthy et al. 2006).
Evidence of the presence of oxidised acid sulfate soils suggest these soils may have
contributed to this fish kill (Lamontagne et al. 2006).

Wetlands in this region were identified for acid sulfate soil assessment based on their
environmental significance or the risk they may pose to surrounding waters. A series of rapid
acid sulfate soil assessments were completed throughout the Mildura region as part of the
Murray-Darling Basin Acid Sulfate Soil Risk Assessment Project (MDB ASSRAP). A total of
eight wetlands were selected for further detailed assessment based on being identified as
having a high priority as a result of both soil and water parameters exceeding screening
trigger values (see Appendix 2), and having a risk profile. The parameters found to exceed
the ASSRAP trigger values in the Mildura region and their score priority level are shown in
Table 1-1. Cowanna Billabong (40803) was originally chosen as a priority wetland, however,
this wetland was later replaced by Brickworks Lagoon wetland (40864).
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Table 1-1. Summary of parameters exceeding the ASSRAP trigger values and score priority

level.
Wetland pH EC Sulfate Sulfate Priority
ID pH Soil Water EC Soil Water Sail Water
40156 Moderate - High - - - High
40175 - - High - High - High
40190 Extreme - Moderate - High - Extreme
40864 n.a. n.a. n.a. n.a. n.a. n.a. n.a.
40805 Extreme High High High - High Extreme
40856 Extreme - High - High Extreme
21920 Extreme - High High - High High/Extreme
21921 Moderate - High - Moderate - High
Page 2
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1.2. Acid sulfate soils in the Murray-Darling Basin

Acid sulfate soil is the term commonly given to soil and sediment that contain iron sulfides, or
the products of sulfide oxidation. Pyrite (FeS;) is the dominant sulfide in acid sulfate saill,
although other sulfides including the iron disulfide marcasite (Sullivan and Bush 1997; Bush
2000) and iron monosulfides (Bush and Sullivan 1997; Bush et al. 2000) can also be found.

Sulfidic sediments accumulate under waterlogged conditions where there is a supply of
sulfate, the presence of metabolisable organic matter and iron-containing minerals (Dent
1986). Under reducing conditions sulfate is bacterially reduced to sulfide, which reacts with
reduced iron to form iron sulfide minerals. These sulfide minerals are generally stable under
reducing conditions, however, on exposure to the atmosphere the acidity produced from
sulfide oxidation can impact on water quality, crop production, and corrode concrete and
steel structures (Dent 1986). In addition to the acidification of both ground and surface
waters, a reduction in water quality may result from low dissolved oxygen levels (Sammut et
al. 1993; Sullivan et al. 2002a; Burton et al. 2006), high concentrations of aluminium and iron
(Ferguson and Eyre 1999; Ward et al. 2002), and the release of other potentially toxic metals
(Preda and Cox 2001; Sundstrom et al. 2002; Burton et al. 2008a; Sullivan et al. 2008a).

Acid sulfate soils form naturally when sulfate in the water is converted to sulfide by bacteria.
Changes to the hydrology in regulated sections of the Murray-Darling Basin (MDB) system
(due to higher weir pool levels), and the chemistry of rivers and wetlands have caused
significant accumulation of sulfidic material in subagueous and wetland margin soils. If left
undisturbed and covered with water, sulfidic material poses little or no threat of acidification.
However, when sulfidic material is exposed to the air, the sulfides react with oxygen to form
sulfuric acid (i.e. sulfuric materials with pH < 4). When these sulfuric materials are
subsequently covered with water, significant amounts of sulfuric acid can be released into
the water.

Other hazards associated with acid sulfate soil include: (i) mobilisation of metals, metalloids
and non-metals, (ii) decrease in oxygen in the water column when monosulfidic materials are
mobilised into the water column, and (iii) production of noxious gases. In severe cases, these
risks can potentially lead to damage to the environment, and have impacts on water supplies,
and human and livestock health.

Record low inflows and river levels in recent years have led to the drying of many wetlands in
the MDB, resulting in the exposure of sulfidic material in acid sulfate soil, and soll
acidification in many wetlands. The extent and potential threat posed by acid sulfate soil
requires urgent assessment.

Despite decades of scientific investigation of the ecological (e.g. Living Murray Icon Site
Environmental Management Plan: MDBC 2006a,b,c), hydrological, water quality (salinity)
and geological features of wetlands in the MDB, we have only recently advanced far enough
to appreciate the wide spectrum of acid sulfate soil subtypes and processes that are
operating in these contemporary environmental settings - especially from continued lowering
of water levels (e.g. Lamontagne et al. 2004, Fitzpatrick et al. 2008a,b; Shand et al. 2008a,b;
Simpson et al. 2008; Sullivan et al. 2008a). Hence, the MDB Ministerial Council at its
meeting in March 2008 directed the then Murray-Darling Basin Commission (MDBC) to
undertake an assessment of acid sulfate soil risk at key wetlands in the MDB.

The MDBC (now the Murray-Darling Basin Authority — MDBA), in partnership with its Partner
Governments and scientists, designed the MDB ASS Risk Assessment Project, which aims
to assess the spatial extent of, and risks posed by acid sulfate soil in the Murray-Darling
Basin. The project also aims to identify and assess broad management options.
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Wetlands were identified for assessment based on their environmental significance as well
as those that may pose a risk to surrounding waters. Through consultation with jurisdictions
more than 19,000 wetlands within the MDB were identified. Due to their ecological
significance, the decision was made to prioritise Ramsar-listed wetland complexes of the
Murray-Darling Basin for immediate detailed acid sulfate soil assessment. In addition, due to
the risk profile, wetlands along the Murray River between Blanchetown (Lock 1) and
Wellington were also selected for immediate detailed acid sulfate soil assessment. For all
other wetlands, a three tiered assessment process was developed, commencing with a
desktop assessment, followed by on-ground rapid assessment and then detailed on-ground
assessment at sites identified as high priority or having a risk profile. A total of 96 wetlands
were identified and selected for further detailed assessment (Figure 1-1). These wetlands
were divided for logistical reasons into the following seven regions:

Murray River, Lock 1 to Lock 3, SA (21 wetlands),

Murray River, Lock 3 to Lock 5, SA (31 wetlands),

Mildura region, NSW and Vic (8 wetlands),

Edward and Wakool Rivers, NSW (12 wetlands),

Murray River, Hume to Yarrawonga, NSW and Vic (6 wetlands),
Talwood-Mungindi region, Queensland (1 wetland), and
Victorian Northern Flowing Rivers (17 wetlands).

Figure 1-1. Map showing priority wetlands surveyed in the Murray-Darling Basin (source:
MDBA).

Southern Cross GeoScience carried out a detailed assessment at 52 representative sites
within eight wetlands in the Mildura region in March 2010 to determine whether acid sulfate
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soils were present, or if there was a potential for acid sulfate soils to form within these
wetlands (Figure 1-2). This assessment included the determination of sulfide content within
the soil profile at each site. Water-soluble sulfate was used as an indicator of the potential of
monosulfide black ooze (MBO) formation in these wetland sites.
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Figure 1-2. Map showing the areas assessed in the Mildura region.
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1.3. Detailed Acid Sulfate Soil assessments using two phases

The detailed assessment stage of the MDB ASS Risk Assessment Project involves
comprehensive analysis using a set of established and tested field and laboratory methods to
determine the presence and extent of acid sulfate soil and associated hazards, including
potential for acidification, metal mobilisation and deoxygenation.

In summary the protocol developed by the MDB ASS Risk Assessment Project Scientific
Reference Panel requires a two-phase procedure (MDBA 2010).

Phase 1 investigations determine whether or not acid sulfate soil materials are present (or
absent) for the study area, and provide characterisation of the properties and types of acid
sulfate soil materials.

Phase 1 activities include:

site selection

site and profile description

sample collection and storage

laboratory analysis (of soil and water)
identification of acid sulfate soil materials
prioritisation and selection of Phase 2 samples
interpretation and reporting

Phase 2 investigations will only be conducted if the acid sulfate soil materials from Phase 1
are determined to be a priority concern for the study area and, based on Phase 1
recommendations, samples will undergo further investigations to determine their nature and
severity and the specific risks associated with the acid sulfate soil materials.

Phase 2 activities include:

¢ laboratory analysis (of soil)

e risk assessment

e interpretation and reporting, including discussion on broad acid sulfate soil management
options

The soil samples to be analysed for Phase 2 will have been collected as part of the Phase 1
field assessment and then put into storage. Based on the Phase 1 report recommendations
the client will identify samples and the analyses to be conducted on each of the samples for
Phase 2.

Following a request from the Murray-Darling Basin Authority (MDBA), Southern Cross

GeoScience were engaged to conduct a Phase 1 detailed assessment of acid sulfate soils at
the priority wetlands in the Mildura region.
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1.4. Methodologies used to assess acid generation potential

As detailed previously, sulfide minerals are generally stable under reducing conditions,
however, on exposure to the atmosphere the acidity produced from sulfide oxidation can
impact on water quality, crop production, and corrode concrete and steel structures (Dent
1986). In addition to the acidification of both ground and surface waters, a reduction in water
quality may result from low dissolved oxygen levels (Sammut et al. 1993; Sullivan et al.
2002a; Burton et al. 2006), high concentrations of aluminium and iron (Ferguson and Eyre
1999; Ward et al. 2002), and the release of other potentially toxic metals (Preda and Cox
2001; Sundstréom et al. 2002; Burton et al. 2008a; Sullivan et al. 2008a).

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

2FeS, + 70, + 2H,0 ---> 2Fe** + 4S0,” + 4H"
4FeS; + 150, + 10H,0 ---> 4FeOOH + 8H,SO,

A range of secondary minerals, such as jarosite, sideronatrite and schwertmannite may also
form, which act as stores of acidity i.e. they may produce acidity upon dissolution (re-
wetting).

Acid-base accounting (ABA)
Acid-base accounting (ABA) is used to assess both the potential of a soil material to produce
acidity from sulfide oxidation and also its ability to neutralise any acid formed (e.g. Sullivan et
al. 2001, Sullivan et al. 2002b).

The standard acid-based accounting applicable to acid sulfate soils is described in Ahern et
al. (2004) and summarised here. The equation below shows the calculation of Net Acidity
(NA).

Net Acidity (NA) = Potential Sulfidic Acidity (PSA) + Titratable Actual Acidity (TAA) + Retained
Acidity (RA) — Acid Neutralising Capacity (ANC)/Fineness Factor (FF)

The components in this ABA are further discussed below and by Ahern et al. (2004).

e Potential Sulfidic Acidity (PSA) also known as the ‘acid generation potential’ (AGP) is
most easily and accurately determined by assessing the Chromium reducible sulfur
(Scr or CRS) and then converting this to PSA (AGP) as described in Ahern et al.
(2004).

e Titratable Actual Acidity (TAA) is a measure of the actual acidity in acid sulfate soll
materials that have already oxidised. It measures the sum of both soluble and
exchangeable acidity.

e Retained Acidity (RA) is the acidity ‘stored’ in minerals such as jarosite,
schwertmannite and other hydroxy sulfate minerals. Although these minerals may be
stable under acidic conditions, they can release acidity to the environment when
these conditions change.

e Acid Neutralising Capacity (ANC) is measured in soils with pHgc values > 6.5. These
soils may potentially have ANC in the form of (usually) carbonate minerals, principally
of calcium, magnesium and sodium. The carbonate minerals present are estimated
by titration and alkalinity present expressed in CaCO; equivalents. By accepted
definition (Ahern et al. 2004), any acid sulfate soil material with a pHkc < 6.5 has a
zero ANC.
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e Fineness Factor (FF) is defined by Ahern et al. (2004) as 'A factor applied to the acid
neutralising capacity result in the acid-base account to allow for the poor reactivity of
coarser carbonate or other acid neutralising material. The minimum factor is 1.5 for
finely divided pure agricultural lime, but may be as high as 3.0 for coarser shell
material’. Fine grinding of soil materials may lead to an over-estimate of ANC when
carbonates are present in the form of hard nodules or shells. In the soil environment,
they may provide little effective ANC as exposure to acid may result in the formation
of surface crusts (iron oxides or gypsum), preventing or slowing further neutralisation
reactions. For reasons including those above, the use of the Fineness Factor also
applies to those naturally occurring alkalinity sources in soil materials as measured by
the ANC methods.
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1.5. Classification of soil materials

Recently, the Acid Sulfate Soils Working Group of the International Union of Soil Sciences
agreed to adopt in principle the following five descriptive terminology and classification
definitions of acid sulfate soil materials proposed by Professor Leigh Sullivan and co-authors
in a plenary lecture and Acid Sulfate Soils Working Group meeting at the 6th International
Acid Sulfate Soil and Acid Rock Drainage Conference in September 2008 in Guangzhou,
China (Sullivan et al. 2008b). This new classification system for acid sulfate soil materials
(Sullivan et al. 2009) has also been recently (October 2008) adopted by the Scientific
Reference Panel of the Murray—Darling Basin Acid Sulfate Soil Risk Assessment Project for
use in the detailed assessment of acid sulfate soils in the Murray—Darling Basin.

The criteria to define the soil materials are as follows:

1.

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

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).

Hypersulfidic material — Hypersulfidic material is a sulfidic material that (i) has a
field pH of 4 or more and (ii) 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.
*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.

Hyposulfidic material — 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.
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Non-Acid Sulfate Soil materials

In addition the Scientific Reference Panel of the Murray—Darling Basin Acid Sulfate Soil Risk
Assessment Project agreed to identify the other acidic soil materials arising from the detailed
assessment of wetland soils in the Murray—Darling Basin, even though these materials may
not be the result of acid sulfate soil processes (e.g. the acidity developed during ageing may
be the result of Fe** hydrolysis, which may or may not be associated with acid sulfate soil
processes). The acidity present in field soils may also be due to the accumulation of acidic
organic matter and/or the leaching of bases. Of course, these acidic soil materials may also
pose a risk to the environment and would be identified during the present course of the
Phase 1 detailed assessment. The definition of these other acidic soil materials for the
detailed assessment of acid sulfate soils in the Murray—Darling Basin is as follows:

1. Other acidic soil materials — either:
a. non-sulfidic soil materials that acidify by at least a 0.5 pHy unit to a pHy of < 5.5
during moist aerobic incubation
b. soil materials with a pHy = 4 but < 5.5 in the field.

2. Other soil materials — soils that do not have acid sulfate soil (or other acidic)
characteristics.
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2. METHODS AND MATERIALS

2.1. Field sampling of soils and waters

Field sampling of the 8 Mildura region priority wetlands was undertaken between 9" and 20"
March 2010. A total of 268 soil layers were collected and analysed from 52 representative
soil profiles within the Mildura region to assess the current and potential environmental
hazard due to the presence of acid sulfate soils (Figure 1-2).

The number of sites sampled within each wetland was dependant on the size of the wetland
(Table 2-1). A summary of the number of sites sampled in each of the Mildura priority
wetlands is presented in Table 2-2. Sites were selected to ensure that the samples obtained
were representative of each wetland for acid sulfate soil assessment. The rationale for site
selection within each wetland is presented in Section 2.4.1 and Appendix 1.

Table 2-1. Study area size and suggested number of sites (MDBA 2010).

Study area size (ha) Number of sample sites
<5 2
5-20 4
20-100 8
100 - 500 12
>500 20

Table 2-2. Summary of sites sampled in the Mildura priority wetlands.

Wetland ID | State Main Name Area (m°) | Area (ha) No. of sites
40156 VIC Karadoc Swamp 3,769,450 377 12
40175 VIC Lake lraak 813,810 81 8
40190 VIC Spencers Bend Billabong 189,798 19 4
40864* VIC Brickworks Lagoon 236,650 24 4
40805 VIC | Merbein Common - Catfish | 213,268 21 8
40856 VIC Outlet Creek 134,450 13 4
21920 NSW Boeill Lagoon 337,608 34 8
21921 NSW Boeill Lagoon 70,808 7 4

* Wetland was changed from Wetland ID 40803 and thought to be < 20 ha at the time of sampling.

At the majority of wetlands soil profiles were sampled along a toposequence and where
possible the profiles were chosen to represent: (i) the lowest point in the landscape, (i) a
moderately elevated site just above the observed or interpreted normal flow level, and (iii) an
elevated site above the normal flow level.

Soil samples were collected from at least five sampling depths (to a maximum depth of 90
cm) using a range of implements (i.e. spades, and augers). At dry site locations soil pits
were dug using a spade to at least 0.6 m, and then a gouge auger was used to obtain soll
samples below the base of the pit down to 90 cm or auger refusal. Soil samples were
collected in two separate plastic jars (70 mL) with a screw top lid. Additional soil samples
(500 g) were packed into plastic bags in which retained air was minimised for potential future
Phase 2 laboratory analysis. Where soils were below the water, soil samples were obtained
by using a shovel to grab the upper 20 cm and then a gouge auger was used to
approximately 90 cm depth or to auger refusal. Where monosulfides were present the
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sample was collected into two glass jars (250 mL) with a screw top lid rather than plastic
bags. All soil samples were maintained at < 4°C prior to analysis.

Soil samples from each depth at all sites were placed into two separate chip-trays. One tray
was used in the determination of the pH following incubation (pHncusation) and the other was
for long term archive storage.

Site and profile descriptions including global positioning system (GPS) coordinates are
presented for each wetland in Appendix 1. Digital photographs were also taken to document
each site and soil profile characteristics (see Appendix 1).

Surface water and groundwater quality data was collected from 18 sites in the Mildura region
and are presented in Appendix 1. Water pH, specific electrical conductivity (SEC) and redox
potential (Eh) were determined in the field using calibrated electrodes linked to a TPS 90-
FLMV multi-parameter meter. Water temperature and dissolved oxygen (DO) were
measured using calibrated electrodes linked to a Hach HQ40D portable meter. Turbidity was
measured using a calibrated TPS WP88 Turbidity meter. Turbidity was not measured for
groundwater due to mechanical dispersion of sediment in the groundwater column. Alkalinity
was also determined in the field by acid titration (Method 2320B) (APHA 2005).

Where water was present, filtered (0.45 um) water samples were collected in 250 mL
polyethylene bottles. Samples analysed for metals were acidified with 0.1 mL of
concentrated hydrochloric acid (HCI). Samples were stored at < 4°C and sent to the
Environmental Analysis Laboratory, Southern Cross University for laboratory analysis.

Further details on the procedures followed in collection and storage of soil and water
samples are presented in MDBA (2010).
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2.2. Laboratory soil analysis methods

All soil samples were oven-dried at 80°C prior to analysis. Any coarse material (> 2 mm)
present was removed by sieving, and then samples were ring mill ground.

The moisture content of each soil sample was determined following oven-drying at 80°C
(Ahern et al. 2004). Several parameters were examined to determine whether acid sulfate
soil materials were likely to be present, or if there was a potential for acid sulfate soil
materials to form. The parameters measured in this study included pH (pHw, pPHrox, PHkai
and pHncusation), titratable actual acidity (TAA), water soluble sulfate, chromium reducible
sulfur (Scr), retained acidity (RA), acid neutralising capacity (ANC), and acid volatile sulfide
(Sav).

The existing acidity of each soil layer (pHw) was assessed by measuring the pH in a
saturated paste (1:1 soil:water mixture) (Rayment and Higginson, 1992). The pHgox was
determined following oxidation with 30 % hydrogen peroxide (H.O,) (Method 4E1) (Rayment
and Higginson, 1992). The KCI extractable pH (pHkc) was measured in a 1:40 1.0 M KCI
extract (Method Code 23A), and the titratable actual acidity (TAA) was determined by titration
of the KCl extract to pH 6.5 (Method Code 23F) (Ahern et al. 2004). TAA is a measure of the
actual acidity in soil materials, and the sum of soluble and exchangeable acidity. The pH
following incubation (pHncusation) Was determined on duplicate moistened soil materials
placed in chip trays (Fitzpatrick et al. 2008c; Sullivan et al. 2009). The duration of the
incubation was until a stable pH was reached after at least 8 weeks of incubation.

Water soluble sulfate (1:5 soil:water extract) was conducted on surface soil samples and was
prepared following the procedures described in Rayment and Higginson (1992). Water
soluble sulfate was analysed by ICP-OES (Inductively Coupled Plasma - Optical Emission
Spectrometry). The pyritic sulfur content was quantified using the chromium reduction
analysis method of Burton et al. (2008b). The acid volatile sulfide fraction was extracted
using a cold diffusion procedure (Hsieh et al. 2002).

Retained acidity (RA) was determined from the difference between 4M HCI extractable sulfur
(She)) and 1M KCI extractable sulfur (Skc) when the sample pHkc was < 4.5 (Method Code
20J) (Ahern et al. 2004). The retained acidity identifies stored soil acidity in the form of
jarosite and similar relatively insoluble iron and aluminium hydroxy sulfate compounds
(Ahern et al. 2004). Acid Neutralising Capacity, measured by the ANCgr method (Method
Code 19A2) (Ahern et al. 2004), was determined for sulfidic samples with a pHgc = 6.5. The
Net Acidity was estimated by the Acid-Base Account method of Ahern et al. (2004). The
objective of each method is discussed further in MDBA (2010).
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2.3. Laboratory water analysis methods

The analysis of all water samples in this study was carried out by the Environmental Analysis
Laboratory (EAL) at Southern Cross University. The water quality parameters measured on
filter samples (0.45 um) in this study included:

major cations (Na, K, Ca, Mg) and Si (APHA 3120 ICPOES) (APHA 2005),
dissolved bromide (APHA 4500 Br’) and chloride (APHA 4500 CI') (APHA 2005),
dissolved nitrate (NO3) (APHA 4500 NO3) (APHA 2005),

dissolved ammonia (NH4) (APHA 4500 NHs-H) (APHA 2005),

dissolved phosphate (PO,4) (APHA 4500 P-E) (APHA 2005),

dissolved sulfate (SO,%) (APHA 3120 ICPOES) (APHA 2005),

trace metals (Ag, Al, As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn) (APHA 2005), and
dissolved organic carbon (APHA 2005).

Assessment of Acid Sulfate Soil Materials in the Mildura Region Page 15



2.4. Quality assurance and quality control

2.4.1. Site selection and sample collection

The Senior Soil Surveyor for all the sampling undertaken in the Mildura priority wetlands was
Dr Roger McGrath. Sampling was undertaken by Dr Roger McGrath and Paul Cheeseman
between 9" and 20™ March 2010. A summary of what was done to select the site locations

and layers that were sampled is presented below in Table 2-3.

Table 2-3. Summary of site and layer selection for the Mildura priority wetlands.

Wetland
ID

Main Name Date Sampled Comments on site/layer selection

This was a large wetland and sites were selected to
be spatially and ecologically representative. Two

40156  Karadoc Swam 11/03/10 to pairs of sites were sampled and one three-site
P 14/03/10 transect otherwise sites were feature-based. Large
areas were inaccessible due to a soft moist soil
surface.
Sites were selected according to the sampling
09/03/10, rotocol. Six sites were selected on a rough
40175 Lake Iraak 10/03/10& P : ; : 9
20/03/10 transect across the lake with two sites selected to

accommodate point features.

Spencers Bend 14/3/10 to

40190 Billabong 15/3/10

Sites were selected longitudinally according to the
sampling protocol.

Brickworks 17/03/10 to

40864 Lagoon 19/03/10

This wetland was a late inclusion and a boundary
map was not available. It was decided to sample
longitudinally to be certain that sites were
geospatially valid. Sampling according to the
protocol was undertaken within this constraint. Only
four sites were sampled as the wetland was
changed from Wetland ID 40803 and thought to be
< 20 ha at the time of sampling. Surface water was
not sampled as it was present on a human
perturbation (i.e. vehicle tyre tracks).

Merbein
40805 Common -
Catfish

19/03/10 to
20/03/10

This site was sampled longitudinally according to
the protocol. Surface water was not sampled as it
was present on a human perturbation (i.e. vehicle
tyre tracks).

This wetland comprised of two distinctive areas.
One heavily degraded and one with ongoing

40856 Outlet Creek 10/03/10 to remediation. It was decided to divide the sites
11/03/10
between each area. In each area a subaqueous
site and a bank site were selected.
This wetland was a dendritic channel system. The
sampling strategy was to incorporate the thalweg of
. 16/03/10 & . .
21920 Boeill Lagoon all main channels with one only toposequence
18/03/10 . e
selected in the channel containing the largest body
of water.
21921 Boeill Lagoon 16/03/10 Sites were selected longitudinally according to the

sampling protocol.
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2.4.2. Laboratory analysis

For all tests and analyses, the Quality Assurance and Quality Control procedures were
equivalent to those endorsed by NATA (National Association of Testing Authorities). The
standard procedures followed included the monitoring of blanks, duplicate analysis of at least
1in 10 samples, and the inclusion of standards in each batch.

Reagent blanks and method blanks were prepared and analysed for each method. All
blanks examined here were either at, or very close to, the limits of detection. On average,
the frequencies of quality control samples processed were: 5% blanks, = 10% laboratory
duplicates, and 5% laboratory controls. The analytical precision was +5% for all analyses.
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2.5. Criteria for ranking soil materials for inclusion in Phase 2 of the
detailed assessment process

The Scientific Reference Panel of the Murray-Darling Basin Acid Sulfate Soil Risk
Assessment Project agreed to recommend that soil materials be assigned the following
priorities to undertake the Phase 2 detailed assessment:

High Priority

1) All sulfuric materials.

2) All hypersulfidic materials (as recognised by either 1) incubation of sulfidic materials
or 2) a positive net acidity result with a Fineness Factor of 1.5 being used).

3) All hyposulfidic materials with Scr contents = 0.10% S.

4) All surface soil materials (i.e. within 0-20 cm) with water soluble sulfate (1:5
soil:water) contents = 100 mg SO, L™.

5) All monosulfidic materials.

Moderate Priority
All hyposulfidic materials with Scg contents < 0.10% S.
No Further Assessment

1) Other acidic soil materials.
2) All other soil materials.

It is important to note, while the criteria identifying samples for Phase 2 analysis is clearly

defined, samples only go through to Phase 2 when consideration is given to the wetland as a
whole.
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3. RESULTS

3.1. Summary of field and laboratory results
3.1.1. Soil pH (pHw, pHFox, pHkcr and pHincusaTion)

The pHw, PHrox, PHke and pHincusation data for the wetland sites examined in the Mildura
region are presented in Appendix 1 and summarised in Table 3-1. The pHy values ranged
between 3.04 and 8.69, with the majority of the samples having a pHw > 4.5. A total of four
sites within the Mildura region would be classified as being sulfuric (i.e. pHw < 4) including
two sites in both Spencers Bend Billabong (site 40190_1 (20-90 cm) and site 40190_2 (0-5
cm)) and Merbein Common — Catfish wetland (site 40805 _3 (0-20 cm) and site 40805_6 (0-5
cm)). None of the other soils within the Mildura region were classified as sulfuric.

The pHrox values ranged between 1.91 and 8.74. The soils often showed a pH drop after
treatment with peroxide (e.g. Figure 3-1), with a maximum decrease of 2.7 pH units. The
pHrox results also indicate that some of the surface soils in the Mildura region may have the
potential to acidify to pH < 4 as a result of sulfide oxidation. This was particularly evident in
soils from the Boeill Lagoon (21921), Spencers Bend Billabong (40190) and Merbein
Common — Catfish wetland (40805). However, the Scgr data shows many of these layers
contain no detectable sulfide (i.e. Scg < 0.01% S). While such decreases in pH after
treatment with peroxide are often used to indicate the presence of sulfide minerals in coastal
acid sulfate soil materials, the Scg data from these studies suggest that pH decreases in
inland acid sulfate soil materials after peroxide has been added are often due to non-acid
sulfate soil factors such as the oxidation of organic matter. Only one soil material in Merbein
Common — Catfish wetland (site 40805_3 (0-5 cm)) had a pHrox < 2.5, and this soil material
also contained no detectable sulfide.

The pHincusaTion Values ranged between 2.68 and 7.96. Only four of the sulfidic soll
materials (i.e. Scr = 0.01% S) acidified to pH < 4 after at least 8 weeks of incubation (i.e.
sites 21921 4 (0-5 cm), 40864 _3 (16.5-20 cm) and 40856 _2 (10-20 cm and 20-40 cm)).
However, several non-sulfidic soils (i.e. other acidic) particularly at Merbein Common —
Catfish wetland (40805) acidified to pH < 4 over the 8 week incubation period (Appendix 1).
Several sulfidic soil materials that did not acidify to pH < 4 after at least 8 weeks of incubation
were classified as hypersulfidic as they had positive net acidities (see Section 2.5).
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Table 3-1. Summary soil data for pH testing and sulfur suite.

1

Parameter Units Minimum Median Maximum n

pHw? 3.04 6.20 8.69 268
PHrox® 1.91 6.25 8.74 268
pHkcr 3.80 6.29 9.24 268
PHincUBATION 2.68 5.67 7.96 268
TAAS mole H'/t 0.00 2.94 85.01 268
Soluble SO,’ mg SO./L 29.3 8093 33300 52
Scid Wt. %S <0.01 <0.01 2.19 268
Sa’ Wt. %S <0.01 <0.01 0.42 268
RA mole H'/t 0.00 0.00 11.00 268
ANC %CaCO; 0.00 0.00 21.55 268
NALZ mole H'/t -2,871 3.45 1235 268

"n: number of samples. 2 pHw: pH in saturated paste with water. ® pHrox: pH after treatment with 30%
H»0,. * pHkei: pH of 1:40 1 M KCI extract. ® pHicusation: PH after least 8 weeks of incubation. ° TAA:
Titratable Actual Acidity. ’ Soluble sulfate: in 1.5 soil:water extract. ® Scg: Chromium Reducible Sulfur. °
Sav: Acid Volatile Sulfide. *° RA: Retained Acidity. ** ANC: Acid Neutralising Capacity: by definition,
where pHkci< 6.5 ANC = 0. ** NA: Net Acidity.

Site ID 40805 _3 Site ID 40805_4
0 0
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Figure 3-1. Depth profiles of soil pH for (40856 2 — 40856_3), showing soil pH (pHw as green
line), peroxide treated pH (pHrox as red line) and ageing pH (pHincubation after at least 8 weeks as
purple line). Critical pHyw and pHincupation Value of 4 (green dashed line) and critical pHgox value of
2.5 (red dashed line).
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3.1.2. Chromium Reducible Sulfur (Scr)

The chromium reducible sulfur (Scr) data for wetland sites examined in the Mildura region
are presented in Appendix 1 and summarised in Table 3-1. The Scr values ranged between
<0.01 and 2.19% S. Sulfidic soil materials (i.e. Scg 2 0.01% S) were only absent from two of
the eight wetlands examined (i.e. Lake lraak (40175) and Spencers Bend Billabong (40190)),
with 62 materials of the 268 samples collected equal to or greater than the sulfidic criterion. A
total of 19 sites of the 52 sites examined contained sulfidic materials.

A summary of the Scr content and number of sulfidic soil materials observed in each wetland
is given in Table 3-2. Brickworks Lagoon (40864) and Outlet Creek (40856) had the highest
percentage of sites containing sulfidic soil materials (i.e. 75%). Outlet Creek (40856) wetland
also had the highest percentage of layers examined containing sulfidic soil materials (i.e.
60%). Further information on the distribution of sulfidic sediments within each wetland is
given in Appendix 1.

Table 3-2. Summary of the Scg content and number of sulfidic soil materials (i.e. Scg 2 0.01% S)
observed within each wetland in the Mildura priority wetlands.

Wetland Main Name Scr Range sl:lj(l)f.i(;)i]:: No. of sulfidic Site No.
ID (%S) sites layers

40156 Karadoc Swamp <0.01-0.09 4 (33%) 12 (19%) 9,10, 11, 12
40175 Lake Iraak <0.01 0 (0%) 0 (0%) n.a.
40190 Sp%ri‘l‘f:ézr?ge”d <0.01 0 (0%) 0 (0%) n.a.
40864 Brickworks Lagoon <0.01-2.19 3 (75%) 14 (58%) 1,2,3
40805 Merbeg‘agioswmon " | <0.01-0.03 2 (25%) 3 (8%) 2,3
40856 Outlet Creek <0.01-0.44 3 (75%) 12 (60%) 2,3,4
21920 Boeill Lagoon <0.01-1.38 5 (63%) 18 (45%) 4,5,6,7,8
21921 Boeill Lagoon <0.01-0.03 2 (50%) 3 (15%) 3,4

3.1.3. Acid volatile sulfide (Sav)

The acid volatile sulfide (Say) data for wetland sites examined in the Mildura region are
presented in Appendix 1 and summarised in Table 3-1. The S,y values ranged between <
0.01 and 0.42% S. Monosulfidic soil materials (i.e. Say 2 0.01% S) were absent from four of
the wetlands examined (i.e. Lake Iraak (40175), Spencers Bend Billabong (40190), Merbein
Common - Catfish (40805) and Boeill Lagoon (21921)), with 31 materials of the 268 samples
collected equal to or greater than the monosulfidic criterion. A total of 12 sites of the 52 sites
examined contained monosulfidic materials. Further information on the distribution of
monosulfidic sediments within each wetland is given in Appendix 1

3.1.4. Acid Neutralising Capacity (ANC)

The acid neutralising capacity (ANC) data for wetland sites examined in the Mildura region
are presented in Appendix 1 and summarised in Table 3-1. The ANC ranged between zero
and 21.6 %CaCO; (see Table 3-1). Three of the wetlands had no ANC in the soil profile (i.e.
Wetland ID 21921, 40190 and 40805).
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3.1.5. Net Acidity (NA)

The net acidity data for wetland sites examined in the Mildura region are presented in
Appendix 1 and summarised in Table 3-1. Acid-base accounting calculations showed the net
acidity ranged between -2,870 and 1,235 mole H*/tonne, with a median net acidity of 3 mole
H'/tonne. The net acidity thresholds used to characterise the acid sulfate soil materials in
this assessment include low net acidity (< 19 mole H*/tonne), moderate net acidity (19 - 100
mole H*/tonne) and high net acidity (> 100 mole H'/tonne). A summary of the net acidity
data for each wetland is given in Table 3-3, and shows the presence of soil materials with
moderate to high net acidities in all wetlands except Lake lraak (40175). Only one
hypersulfidic soil material in Boeill Lagoon (21920) and four hypersulfidic soil materials in
Brickworks Lagoon (40864) had high net acidities.

The acidification hazard from acid sulfate soil disturbance posed by the two wetlands
containing sulfuric soil materials (i.e. Spencers Bend Billabong (40190) and Merbein
Common — Catfish wetland (40805)) is low to moderate, with net acidities ranging between 3
and 87 mole H'/tonne. The acidification hazard from acid sulfate soil disturbance posed by
the hypersulfidic soil materials ranged from low to high, with net acidities ranging between -
182 and 1,234 mole H'/tonne. As mentioned previously, only five hypersulfidic soil materials
had net high acidities.

The positive net acidities in the non-sulfidic samples were due to the presence of some TAA
and the lack of any ANC, although a few layers also contained some retained acidity
(Appendix 1).

Table 3-3. Summary of the net acidity data for all soil materials in each wetland in the Mildura
priority wetlands.

Weltlljand Main Name Net Acidity (mole H*/tonne)
Minimum Median Maximum
40156 Karadoc Swamp -344 3 60
40175 Lake lraak -2,871 -113 5
40190 Spencers Bend 12 23 78
Billabong
40864 Brickworks Lagoon -886 113 1,235
Merbein Common -
40805 Catfish 3 23 87
40856 Outlet Creek -561 -76 63
21920 Boeill Lagoon -436 7 290
21921 Boeill Lagoon 3 14 32

3.1.6. Water soluble SO,

The water soluble SO, data for wetland sites examined in the Mildura region are presented in
Appendix 1 and summarised in Table 3-1. The water soluble SO, in the surface soils (i.e. O-
5 cm) in the Mildura region wetlands ranged between 29 and 33,300 mg/L. The surface soil
layer in 50 of the 52 sites examined had a soluble SO, content equal to or exceeding the
trigger value of 100 mg/L indicating the potential formation of monosulfidic materials.
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3.1.7. Titratable actual acidity (TAA)

The titratable actual acidity (TAA) data for wetland sites examined in the Mildura region are
presented in Appendix 1 and summarised in Table 3-1. The TAA ranged between zero and
85 mole H*/tonne, with the majority of soil layers having a TAA < 30 mole H*/tonne. Sites
sampled within Spencers Bend Billabong (40190) and Merbein Common — Catfish wetland
(40805) tended to have the highest TAA within the soil profile. There was often an increase
in the TAA with depth (Figure 3-2).

Site 40190_1

10-20

o
]
_—
——

Depth (cm)

40-90

0 10 20 30 40 50 60 70 80

TAA (mole H*/tonne)

Figure 3-3-2. Variation in TAA (mole H*/tonne) with depth at site 40190 1.

3.1.8. Retained acidity (RA)

The retained acidity (RA) data for wetland sites examined in the Mildura region are presented
in Appendix 1 and summarised in Table 3-1. The RA ranged between zero and 11 mole
H*/tonne, with the majority of soil layers having no RA (i.e. 263 materials of the 268 samples
collected). RA was only measured in samples collected from Spencers Bend Billabong
(40190) and Merbein Common — Catfish (40805). There was no retained acidity at any of
the other sites as all samples had a pHc > 4.5.
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3.2. Hydrochemistry

The hydrochemical characteristics of the surface water and groundwater in the Mildura
region were measured to provide an indication of the baseline water chemistry. Some of the
chemical parameters measured may show temporal variations, and therefore the data
collected only represents a snapshot of the water quality in the Mildura region.

Surface water quality data was collected from 7 locations in the Mildura region priority
wetlands (including sites 21920 7, 21920 8, 40156 4, 40156 9, 40175 4, 40856 2 and
40856_4) (Appendix 1). Groundwater data was collected from 11 locations in the Mildura
region priority wetlands (including sites 21920_6, 40156_7, 40156_11, 40156_12, 40175_2,
40864 _1, 40864 2, 40864 _3, 40805_2, 40805_3, 40805_8 and 40856_3) (Appendix 1). No
groundwater data was collected from the remaining sites without standing water as
groundwater was not observed during soil pit excavation.

A summary of the surface water and groundwater characteristics measured in the field are
presented below in Tables 3-4 and 3-5. The results of the laboratory analyses are presented
in Appendix 1. The field pH of the surface waters ranged between 6.5 and 8.9 (Table 3-4)
with four sites (sites 40156 _4, 40156 9, 40856_2 and 40856_4) exceeding the most relevant
ANZECC/ARMCANZ (2000) trigger value for aquatic ecosystems of 8.0. The water data
indicates that the surface water has not been affected by acidification. The surface waters
were often highly saline with a median SEC of 48,700 uS/cm. The surface water sulfate
concentrations ranged between 40 and 10,089 mg/L (Appendix 1). Some nutrient (i.e. NHy,
PO,), metal (i.e. Al, Ag, As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn), SEC and turbidity values
were found to exceed the most relevant ANZECC/ARMCANZ (2000) guideline value at
certain locations (see Appendix 1).

Table 3-4. Summary of surface water hydrochemical characteristics (field).

pH SEC DO Eh Turbidity  Alkalinity
uS/cm mg/L mV NTU (mg/L as
HCO5)
Minimum 6.50 28.5 0.24 -286 8 16
Median 8.34 48,700 9.45 209 33 57
Maximum 8.94 406,000 12.32 259 305 1,082
n' 7 7 6 7 6 7

Y n: number of samples

The field pH of the groundwater ranged between 4.6 and 6.7, indicating that the groundwater
at some locations may have been affected by acidification (Table 3-5). The highly saline
groundwater often had high sulfate concentrations ranging between 286 and 9,456 mg/L.
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Table 3-5. Summary of groundwater hydrochemical characteristics (field).

pH SEC DO Eh Turbidity  Alkalinity
puS/cm mg/L mV NTU (mg/L as
HCO:s)
Minimum 4.57 17,000 0.52 -30 55 11
Median 5.82 56,400 1.21 149 55 104
Maximum 6.69 202,200 4.56 415 55 285
n' 11 11 9 11 1 11

' n: number of samples
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4. DISCUSSION

A detailed assessment was undertaken in the Mildura region in March 2010 to determine
whether acid sulfate soils were present, or if there was a potential for acid sulfate soil to form
within these wetlands. This study identified the presence of acid sulfate soil materials in 19
of the 52 sites examined in the Mildura region. The soluble sulfate contents of 50 surficial
soil materials sampled were equal to or exceeded the trigger value of 100 mg/L indicating the
potential formation of monosulfidic materials.

The type and prevalence of acid sulfate soil materials observed in each wetland is
summarised below in Table 4-1. The presence of acid sulfate soils was identified in all
wetlands except Lake Iraak (40175). Sulfuric materials with low to moderate net acidities
were observed at four sites in two of the wetlands (i.e. Spencers Bend Billabong (40190) and
Merbein Common — Catfish wetland (40805)). Hypersulfidic soil materials were identified in
13 soil profiles at six wetlands. These materials had net acidities ranging from low to high,
although only five hypersulfidic soil materials had high net acidities. Hyposulfidic soil
materials were observed in four of the wetlands.

Many of the hyposulfidic soil materials and some hypersulfidic soil materials were classified
as hypomonosulfidic and hypermonosulfidic, respectively (Sullivan et al. 2010) (see
Appendix 1). A total of 12 sites in four of the wetlands examined contained monosulfidic soll
materials. High monosulfide concentrations in surface soils (i.e. 0-10 cm) in three of these
wetlands (i.e. Brickworks Lagoon (40864), Boeill Lagoon (21920) and Outlet Creek (40856))
represent a high deoxygenation hazard. The potential formation of monosulfidic materials
was identified in the surface soils at all of the wetlands examined. Other acidic soil materials
were observed at an additional 20 sites, and soil acidity may be sufficient for mobilisation of
aluminium at some sites.

Table 4-1 Type and prevalence of acid sulfate soil materials in each wetland.

Type of actual or potential Wetland ID (No. of sites)
acid sulfate soil material 40156 40175 40190 40864 40805 40856 21920 21921

Sulfuric 0 0 2 0 2 0 0 0
Hypersulfidic 2 0 0 3 2 1 3 2
Hyposulfidic (Scg = 0.10%) 0 0 0 3 0 3 3 0
Monosulfidic (observed) 2 0 0 3 0 3 4 0
Monosulfidic (potential) 12 7 4 4 8 4 7 4
Hyposulfidic (Scg < 0.10%) 3 0 0 2 0 3 3 0
Other acidic (pH,, &/or

pHINCUBATION)(Z _W5-5 ! 0 2 0 > 0 3 2
Other soil materials 1 8 0 1 0 1 0 0
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5. HAZARD ASSESSMENT

5.1. Interpretation of soil and water data

Sulfuric soil materials were encountered at four sampling sites (Table 5-1), and only
observed in two wetlands (i.e. Spencers Bend Billabong (40190) and Merbein Common —
Catfish wetland (40805)). The sulfuric soil materials had low to moderate net acidities
ranging between 3 and 87 mole H*/tonne.

Hypersulfidic materials occurred in the soil profile at 13 of the 52 sampling locations (Table 5-
1), and were recorded in all but two of the wetlands examined (i.e. Lake Iraak (40175) and
Spencers Bend Billabong (40190)). At Brickworks Lagoon (40864) and Boeill Lagoon
(21920) hypersulfidic materials occurred in the lowest elevation drainage depressions where
reducing conditions suitable for the formation of sulfides occur. However, this trend was not
consistently observed at other wetlands in the Mildura region. The acidification hazard from
acid sulfate soil disturbance posed by these materials ranged from low to high (the
hypersulfidic soil materials had net acidities ranging between -182 and 1,234 mole H'/tonne).
However, the majority of hypersulfidic soil materials (i.e. 78%) had a low to moderate net
acidity and thus a low to moderate acidification hazard.

Hyposulfidic soil materials (Scg = 0.10%) occurred in the soil profile at nine sampling
locations (Table 5-1) at three of the wetland sites (i.e. Brickworks Lagoon (40864), Outlet
Creek (40856) and Boeill Lagoon (21920)). Eleven hyposulfidic soil materials with Scr <
0.10% were also present in the sampling sites. In addition, 20 sampling sites were classified
as other acidic soil materials, and soil acidity may be sufficient for mobilisation of aluminium
at some sites.

Monosulfidic soil materials (Say 2 0.01%) occurred in the soil profile at 12 sampling locations
(Table 5-1). High monosulfide concentrations (Say < 0.42% S) in surface soils in three
wetlands (i.e. Brickworks Lagoon (40864), Boeill Lagoon (21920) and Outlet Creek (40856))
represent a high deoxygenation hazard. The soluble sulfate contents of 50 surficial soil
materials sampled were equal to or exceeded the trigger value of 100 mg/L indicating the
potential formation of monosulfidic materials (Table 5-1). The potential formation of MBO
was identified in all of the wetlands examined.

The water data indicates that the surface water has not been affected by acidification
(Appendix 1).

Table 5-1 Type and prevalence of acid sulfate soil materials.

Type of actual or potential acid Number of sampling sites Proportion of total
sulfate soil material containing sulfuric or sulfidic sampling sites (%)
materials
(Total sites = 52)
Sulfuric 4 8
Hypersulfidic 13 25
Hyposulfidic (Scg 2 0.10%) 9 17
Monosulfidic (observed) 12 23
Monosulfidic (potential) 50 96
Hyposulfidic (Scr < 0.10%) 11 21
?TZTSaCidiC (PHw &/or pHincusaTion) 20 38
Other soil materials 11 21
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6. CONCLUSIONS AND RECOMMENDATIONS

This report provides the results of Phase 1 of a two-phased detailed assessment procedure
to determine the hazards posed by acid sulfate soil materials in priority wetlands in the
Mildura region. This Phase 1 report is aimed solely at determining whether or not acid
sulfate soil materials are present in the Mildura region priority wetlands.

Sulfuric materials were observed at four sampling sites. The reduced inorganic sulfur
content of the samples was high in some areas (i.e. Scg was up to 2.19%). Hypersulfidic soil
materials were present in 13 soil profiles (eight of these profiles also contained hyposulfidic
materials), and another three soil profiles contained hyposulfidic materials with Scg = 0.10%.
Monosulfidic soil materials were observed at 23% (i.e. 12) of the sampling sites. An
additional three soil profiles contained hyposulfidic materials with Scg < 0.10%. These
results indicate that acidity would be produced upon oxidation of sulfides in some of these
materials.

A total of 50 surficial soil materials contained soluble sulfate equal to or in excess of the 100
mg/L trigger value for MBO formation potential. The potential formation of MBO was
identified in all of the wetlands examined. Other acidic soil materials were also observed at
an additional 20 sites.

Based on the priority ranking criteria adopted by the Scientific Reference Panel of the
Murray-Darling Basin Acid Sulfate Soil Risk Assessment Project, there were four high priority
sites based on the presence of sulfuric material, 13 high priority sites based on hypersulfidic
material, nine high priority sites based on hyposulfidic (Scr 2 0.10%) material and 12 high
priority sites based on monosulfidic material. There were 11 moderate priority sites based on
the presence of a hyposulfidic material with Scg < 0.10%. In addition, 50 of the 52 sampling
sites had a high priority ranking for Phase 2 detailed assessment based on MBO formation
hazard. All wetlands in the Mildura region receive a high priority ranking on at least one of
the criteria.

The potential hazards at the wetland-scale posed by acid sulfate soil materials in priority
wetlands in Mildura region are as below:

e Acidification hazard: The data indicate that with predominantly low to moderate net
acidities within the wetlands the overall degree of acidification hazard is moderate.
Brickworks Lagoon wetland (40864) is the only exception, with a high acidification
hazard due to the presence of hypersulfidic soil materials with high net acidities in
17% of layers.

e Deoxygenation hazard: High monosulfide concentrations (Say < 0.42% S) in surface
soils in three wetlands (i.e. Brickworks Lagoon (40864), Boeill Lagoon (21920) and
Outlet Creek (40856)) represent a high deoxygenation hazard. In addition, the
soluble sulfate contents of surface soil materials at 50 sites were equal to or greater
than the trigger value for MBO formation indicating the possible development of an
appreciable deoxygenation hazard at those locations after prolonged wet conditions.

¢ Metal mobilisation: The moderate to high acidification hazard in some of the wetlands
indicates that soil acidification may increase the solubility of metals. The presence of
monosulfidic materials in some surface soils at three wetlands and the potential for
MBO formation identified in all wetlands may also result in an appreciable metal
release hazard. This would depend on factors such as the potential for MBO
formation and the metal loading in the wetland.
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8. APPENDICES
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APPENDIX 1. Wetland reports
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8.1. Karadoc Swamp (Wetland ID 40156)

8.1.1. Location and setting description

Karadoc Swamp wetland is situated on the south side of the River Murray on the floodplain,
roughly 25 km south-southeast of Mildura. The designated wetland consists primarily of a
large, internal basin, and conjoined reaches of the inlet and outlet channels. The designated
wetland is irregular in shape and is situated within a larger, ovoid swamp surrounded by
orchards and vineyards to the west and pastoral properties to the east. The wetland extends
to 4.9 km in length and 3.0 km at its widest point, with an overall area of 377 hectares. The
wetland is bounded by sand dunes. At the time when the soil survey was conducted in 2010,
the wetland had surface water in the centre, which was probably more related to recent
rainfall than inflow from the river. Apart from the actual lake bed and channels, which
contained no vegetation, most of the wetland supported low, succulent shrub vegetation.
Two distinctive reed bed areas were associated with artificial drainage systems from
surrounding agricultural land. Only a small area of remnant woodland was present within the
survey area, and this was sampled. Twelve sites were sampled as shown in Figure 8-1.

Figure 8-1. Karadoc Swamp Wetland and sample site locations.

8.1.2. Soil profile description and distribution

Twelve sites were described and sampled. The soil subtype and general location description
of each site are presented in Table 8-1. Sites were distributed throughout the wetland based
on different surface features and locations in the wetland, and a transect approach was used
in part.
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The profile 40156_1 (Figure 8-3) was situated adjacent to the inlet channel, without surface
water. The soil consisted of brown, cracking clay. The profile 40156 _2 (Figure 8-4) was
situated in the drainage line near the inlet creek, and was moist with surface pools and
denser vegetation than 40156 1. The profile 40156_3 (Figure 8-5) was situated proximal to
an artificial drainage outlet (but unaffected by it). The surface was dry and well vegetated
with sparse succulents amongst a matrix of grasses and forbs, most of which were dead.
The profiles 40156_4 to 40156_6 (Figure 8-6 to Figure 8-8) form a transect in the middle of
the wetland, including a sub-aqueous, a moist, and a dry site. The profile 40156 _7 (Figure
8-9) was situated in the middle of the outlet channel, with a bare, moist surface. The profile
40156 _8 (Figure 8-10) was situated in a low, bare area to the south of the main reed bed,
and the profile 40156 _9 (Figure 8-11) was located on the edge of the reed bed. The profile
40156 10 (Figure 8-12) occurred in a low drainage line to the north of the main reed bed, in
an area with moderate cover of low succulent shrubs. The profile 40156_11 (Figure 8-13)
was situated near the edge of the wetland, in a zone of dead mature trees The profile
40156_12 (Figure 8-14) was located on the moist, western side of the lake bed, and surface
water was not present. Additional site and profile description data are presented in Tables 8-
5 and 8-6, respectively.

Table 8-1. Soil identification, subtype and general location description for Karadoc Swamp
Wetland.

. Easting  Northing  acid sulfate soil . L
Site ID UTM UTM subtype class General location description
zone 54H Zone 54H
40156 1 619616 6194012  Cracking Clay Soil Dryland area at terminus of one
Southern inlet channel.
401562 619834 6194200  Cracking Clay Soil  'vetand area SWof terminus of one
Southern inlet channel.
40156_3 618930 6195587  Cracking Clay Soil ' roXimaltonorther reed bed. Dryland
area to south of reed bed.
401564 619124 6195158  Subagueous Soil esternend of lake basin proximal to
outlet. Lake bed with surface water.
40156_5 619124 6195321 Hydrosol Western end of lake basin. Moist area
to north of surface water
40156_6 619100 6195556 Hydrosol Western end of lake basin. Dryland
area to north of surface water
40156 7 617974 6195318  Cracking Clay Soil Northern section of outlet channel.
Centre of channel.
40156 8 618468 6193797  Cracking Clay Soil SW section of wetland. Bare moist
surface.
40156 9 618411 6194014 Hypomonosulf|d|_c SW reed bed. In aquatic vegetation with
- Subaqueous Soil surface water
40156_10 618362 6194391 Hyper_monosulﬂd|_c Drainage line from S_W Iak_e section.
Cracking Clay Saoll Centre of drainage line
. ) Zone of dead mature trees near SW
40156_11 617887 6193738 Hyposulfidic Soil margin of wetland.
40156_12 619796 6195056 Hypersulfidic Soil Eastern end of lake basin. Leeward

edge of basin.
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Figure 8-2. Conceptual cross section diagram showing the toposequence relationship of the
Karadoc Swamp Wetland sediments/soil materials throughout the wetland.

Figure 8-3. Photographs of site 40156 1, showing the bare cracking clay surface with salt
visible, low succulent shrubs to 20 cm, and the soil profile.
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Figure 8-4. Photographs of site 40156_2, showing the denser succulent vegetation and surface
pooling, and the soil profile.

Figure 8-5. Photographs of site 40156_3, showing the dry, cracking surface and sparse
succulent vegetation amongst a matrix of dry grasses and forbs, and the soil profile.

Figure 8-6. Photographs of site 40156_4, showing the water body from which the sample was
taken, and the soil core.
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Figure 8-7. Photographs of site 40156_5, showing the moist but cracking brown clay and the
dead low shrub vegetation, and the soil profile.

Figure 8-8. Photographs of site 40156_6, showing the low shrubby vegetation, predominantly on
mounds, and the soil profile.

Figure 8-9. Photographs of site 40156_7, showing the bare, moist surface of the outlet channel,
and the soil profile.
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Figure 8-10. Photographs of site 40156_8, showing bare, cracking clay surface, and the soil
profile.

Figure 8-11. Photographs of site 40156 9, showing the location of the site along the edge of the
main reed bed, and the soil profile.

Figure 8-12. Photograph of site 40156_10, showing the situation of the site within a drainage
line, and the low succulent shrub cover.
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Figure 8-13. Photographs of site 40156_11, showing the situation of the site in the zone of
mature, dead trees at the edge of the lake, and the soil profile.

Figure 8-14. Photographs of site 40156 _12, showing the moist lake bed surface with waterbird
tracks, and the soil profile.

8.1.3. Laboratory data assessment

Soil pH testing (pHw, PHrox, PHkcl, PHincusATION)

The pH data is provided in Table 8-2 and profiles for all the sites sampled are presented in
Figures 8-15 and 8-16. The pHy values ranged between 4.41 and 8.24. Sulfuric materials
(i.e. pHw < 4) were not present. The pHgox values ranged between 4.10 and 8.29. The
pHrox results indicate that none of the surface soils may have the potential to acidify to pH <
4 as a result of sulfide oxidation. None of the soil materials acidified to pH < 4 after at least 8
weeks of incubation. Other acidic soil materials were identified at 9 sites, indicating acidity in
the soil profile at levels where aluminium may mobilise.
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Figure 8-15. Depth profiles of soil pH for Karadoc Swamp Wetland (40156 _1 — 40156 _4),
showing soil pH (pHw as green line), peroxide treated pH (pHrox as red line) and ageing pH
(PHincubation after at least eight weeks as purple line). Critical pHyw and pHincubation Value of 4

(green dashed line) and critical pHrox value of 2.5 (red dashed line).
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Figure 8-16. Depth profiles of soil pH for Karadoc Swamp Wetland (40156 5 — 40156 _8),
showing soil pH (pHw as green line), peroxide treated pH (pHrox as red line) and ageing pH
(PHincubation after at least eight weeks as purple line). Critical pHyw and pHincubation Value of 4

(green dashed line) and critical pHrox value of 2.5 (red dashed line).
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Figure 8-17. Depth profiles of soil pH for Karadoc Swamp Wetland (40156 9 — 40156_12),
showing soil pH (pHw as green line), peroxide treated pH (pHrox as red line) and ageing pH
(PHincubation after at least eight weeks as purple line). Critical pHyw and pHincubation Value of 4
(green dashed line) and critical pHrox value of 2.5 (red dashed line).
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Acid-base accounting

The acid-base accounting data is provided in Table 8-2 and summarised in Figures 8-18 to
8-20.

Chromium reducible sulfur

Chromium reducible sulfur (Scr) values ranged between < 0.01 and 0.09% S. Sulfidic soll
materials (i.e. Scr = 0.01% S) were identified at four sampling sites (sites 40159 9 -
40159 _12), with 12 materials of the 62 samples collected equal to or greater than the sulfidic
criterion.

Acid volatile sulfide

The acid volatile sulfide (Say) values ranged between < 0.01 and 0.01% S. Monosulfidic soll
materials (i.e. Say = 0.01% S) were found at two sites (sites 40159 9 and 40159 10), with
only three materials of the 62 samples collected equal to the monosulfidic criterion.

Acid neutralising capacity
The acid neutralising capacity (ANC) ranged between zero and 2.63% CaCOs.
Titratable actual acidity

The titratable actual acidity (TAA) ranged between zero and 17 mole H'/tonne, with the
majority of soil layers having a TAA < 15 mole H*/tonne. At the sites where a positive TAA
was measured throughout the profile, an increase in the TAA with depth was often observed.

Retained acidity
There was no retained acidity at any of the sites as all samples had a pHkc > 4.5.
Net acidity

The net acidity ranged between -343 and 60 mole H*/tonne. The four hypersulfidic soil
materials had low to moderate net acidities ranging between 7 and 60 mole H*/tonne.

Water Soluble Sulfate

The water soluble sulfate in the surface soils (i.e. 0-5 cm) ranged between 99.6 and 16,350
mg/L. All 12 surface soil layers examined had a soluble sulfate content equal to or exceeding
the 100 mg/L trigger value for MBO formation potential.

Water Data

The surface water and groundwater data measured in the field and laboratory are presented
in Tables 8-3 and 8-4, respectively. The field pH of the two surface waters collected was 8.4
and 8.9, with both sites exceeding the most relevant ANZECC/ARMCANZ (2000) trigger
value for aquatic ecosystems of 8.0. The water data indicates that the surface water has not
been affected by acidification. The surface water sulfate concentrations were 284 and 3,893
mg/L. Some nutrient (i.e. NH4, PO,), metal (i.e. Ag, Co, Cr, Cu, Ni, Zn) and SEC values were
found to exceed the most relevant ANZECC/ARMCANZ (2000) trigger value. The field pH of
the groundwater ranged between 6.1 and 6.4 indicating that the groundwater has not been
affected by acidification. The groundwater had high sulfate concentrations of between 5,577
and 9,456 mgl/L.

Assessment of Acid Sulfate Soil Materials in the Mildura Region Page 44



40156_1 40156_1
0-5 0.5
5-10 5-10
10-20 10-20
20-40 20-40
40-90 40-90 i
40156_2 1 40156_2 J
—_ 0-5 1] 0-5 I
5 5-10 - 5-10
2
e 10-20 . 10-20 I
3 20-40 : 20-40 |
7]
a 40-90 ] 40-90 ]
o 40156_3 1 40156_3 il
> _
© 0-5 0-5
—
T 5-10 5-10
< 10-20
© ) 10-20
o 20-40 20-20
-g 40-90 40-90
3 40156_4 40156 4
2 - _
o 0-5 0.5
=]
[ 5-10 B TAA 5.10
10-20 O RA 10-20
20- 40 O Sex 20-40 —
40-55 B ANC 20-55 B Net Acidity
600  -500  -400  -300  -200  -100 0 600  -500  -400  -300 -200  -100 0 100

Acidity (+ve value) or alkalinity (-ve value)
(moles H*/tonne)

Figure 8-18. Acid-base accounting depth profiles for Karadoc Swamp Wetland (40156 1 —
40156 _4). Left side shows the components: titratable actual acidity (TAA - red bar), acid
generating potential (AGP as Scr -pink bar), acid neutralising capacity (ANC - blue bar),

retained acidity (RA - yellow bar), and right side shows net acidity.
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Figure 8-19. Acid-base accounting depth profiles for Karadoc Swamp Wetland (40156 5 —
40156 _8). Left side shows the components: titratable actual acidity (TAA - red bar), acid
generating potential (AGP as Scr -pink bar), acid neutralising capacity (ANC - blue bar),
retained acidity (RA - yellow bar), and right side shows net acidity.
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Figure 8-20. Acid-base accounting depth profiles for Karadoc Swamp Wetland (40156 9 —
40156 _12). Left side shows the components: titratable actual acidity (TAA - red bar), acid
generating potential (AGP as Scr -pink bar), acid neutralising capacity (ANC - blue bar),
retained acidity (RA - yellow bar), and right side shows net acidity.

8.1.4. Discussion

Acid sulfate soils only occurred at three sites in the south-western area of the Karadoc
Swamp wetland (i.e. sites 40156_9 — 40156_11) and one site in the eastern part of the
wetland (i.e. site 40156_12). Sulfuric materials were not observed. The reduced inorganic
sulfur content of the samples was low (i.e. Scr. < 0.09% S), with only one soil material
exceeding a Scr of 0.02% S. Hypersulfidic soil materials with low to moderate net acidities
were present in two soil profiles (one profile also contained a hyposulfidic material), and
another two soil profiles contained hyposulfidic materials with Scr < 0.10%. Monosulfidic soil
materials with a S,y of 0.01% S were observed at two of the sampling sites. Only one of
these monosulfidic materials was observed in a surface soil (i.e. site 40146_9, 0-2 cm).
These results indicate that minimal acidity would be produced upon oxidation of sulfides in
these materials.

The surficial soil materials at all 12 sites contained soluble sulfate equal to or in excess of the
100 mg/L trigger value for MBO formation potential. Other acidic soil materials were also
observed at an additional seven sites.

Based on the priority ranking criteria adopted by the Scientific Reference Panel of the
Murray-Darling Basin Acid Sulfate Soil Risk Assessment Project, there were two high priority
sites based on hypersulfidic material, and two high priority sites based on monosulfidic
material. There were two moderate priority sites based on the presence of a hyposulfidic
material with Scg < 0.10%. In addition, 11 sampling sites had a high priority ranking for
Phase 2 detailed assessment based on MBO formation hazard.

Assessment of Acid Sulfate Soil Materials in the Mildura Region Page 46



The potential hazards at the wetland-scale posed by acid sulfate soil materials at the
Karadoc Swamp wetland are:

Acidification hazard: The data indicate that with predominantly low net acidities, and
sulfidic materials where the highest Scg was only 0.09% S, that the overall degree of
acidification hazard is low. Only two sulfidic soil materials had moderate net acidities.

Deoxygenation hazard: The soluble sulfate contents of surface soil materials at all 12
sites were equal to or over the trigger value for MBO formation indicating the possible
development of an appreciable deoxygenation hazard at those locations after
prolonged wet conditions.

Metal mobilisation: The low acidification hazard indicates that soil acidification is not
likely to increase the solubility of metals. However, the potential for MBO formation
identified in this wetland may result in an appreciable metal release hazard
depending on factors such as the potential for MBO formation and the metal loading
in this wetland. Soil acidity may be sufficient for mobilisation of aluminium at some
sites.

Summary of key findings for the Karadoc Swamp Wetland:

Soil materials: Sulfuric materials were not observed. Sulfidic soil materials identified

included: hypersulfidic (2 sites), monosulfidic (2 sites) and
hyposulfidic < 0.10% S (2 sites). Other acidic soil materials observed
at an additional 7 sites. Low net acidities dominant within wetland.

Acid sulfate soil e Hypersulfidic, hyposulfidic, hypermonosulfidic cracking clay and
identification: hypomonosulfidic subaqueous soils identified.
e Cracking clay soils, hydrosols and subaqueous soil also
identified.
Hazard ¢ Acidification hazard - low level of concern
assessment e Deoxygenation hazard - high level of concern

¢ Metal mobilisation hazard — low to moderate level of concern
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Table 8-2. Laboratory analytical data for acid sulfate soil assessment of Karadoc Swamp (Wetland ID 40156).
(red printed values indicates data results of potential concern)

2::3 gepth Soil pH pH pH Sulfate pH Tllgjttjglle CRZLOUT;E{Z Ret{:ur)ed Neuﬁgl?sing Ne; Vglgltcijle Acid Sulfate Soil Material
Layer ange Texture water eroxide incubation (mg SO/ KCI Acidit Sulfur AC'd't¥ Capacit A0|d|t¥ Sulfide Classification
Y (cm) P kg) Y (mole H't) Paclly — (mole H'ft)

ID. (mole H'f) (%Scr) (%CaCOs3) (%Sav)

1.1 0-5 fine 6.05 6.20 6.06 4260 6.30 4.83 <0.01 0.00 0.00 4.83 <0.01 other soil materials
1.2 5-10 fine 5.46 5.59 5.18 5.63 9.29 <0.01 0.00 0.00 9.29 <0.01 other acidic

1.3 10-20 fine 4.97 4.10 4.56 5.25 12.56 <0.01 0.00 0.00 12.56 <0.01 other acidic
1.4 20-40 fine 4.86 5.61 4.60 5.27 13.28 <0.01 0.00 0.00 13.28 <0.01 other acidic
15 40-90 fine 6.05 7.03 6.11 6.17 2.90 <0.01 0.00 0.00 2.90 <0.01 other soil materials
2.1 0-5 5.72 4.72 5.21 5355 5.21 12.58 <0.01 0.00 0.00 12.58 <0.01 other acidic
2.2 5-10 fine 5.35 4.90 4.83 4.97 16.96 <0.01 0.00 0.00 16.96 <0.01 other acidic
2.3 10-20 fine 5.03 5.61 4.66 5.20 11.85 <0.01 0.00 0.00 11.85 <0.01 other acidic
2.4 20-40 fine 5.41 6.05 5.52 5.98 431 <0.01 0.00 0.00 4.31 <0.01 other acidic
2.5 40-90 fine 6.01 6.90 6.01 6.36 3.26 <0.01 0.00 0.00 3.26 <0.01 other soil materials
3.1 0-5 fine 8.12 7.79 7.75 100 8.66 0.00 <0.01 0.00 2.04 -271.21 <0.01 other soil materials
3.2 5-10 fine 7.84 7.51 7.46 7.39 0.00 <0.01 0.00 1.16 -154.46 <0.01 other soil materials
3.3 10-20 fine 7.63 7.51 7.05 7.04 0.00 <0.01 0.00 0.99 -132.16 <0.01 other soil materials
3.4 20-40 fine 7.55 7.85 6.95 6.85 0.00 <0.01 0.00 1.01 -135.17 <0.01 other soil materials
35 40-90 fine 7.73 7.83 7.25 7.44 0.00 <0.01 0.00 1.10 -146.84 <0.01 other soil materials
4.1 0-5 ) 7.38 7.17 6.87 16350 7.69 0.00 <0.01 0.00 1.64 -218.38 <0.01 other soil materials
4.2 5-10 fine 6.83 6.59 6.32 6.82 0.00 <0.01 0.00 1.02 -136.17 <0.01 other soil materials
4.3 10-20 fine 6.34 5.57 5.61 6.32 2.99 <0.01 0.00 0.00 2.99 <0.01 other soil materials
4.4 20-40 fine 6.25 6.66 5.37 6.09 4.07 <0.01 0.00 0.00 4.07 <0.01 other acidic
4.5 40-55 fine 6.32 7.15 5.84 6.25 3.56 <0.01 0.00 0.00 3.56 <0.01 other soil materials
5.1 0-5 fine 6.01 5.64 6.38 15600 7.19 0.00 <0.01 0.00 1.02 -135.97 <0.01 other soil materials
5.2 5-10 fine 5.51 4.54 4.85 5.72 6.81 <0.01 0.00 0.00 6.81 <0.01 other acidic

5.3 10-20 fine 5.06 4.43 4.82 5.45 7.52 <0.01 0.00 0.00 7.52 <0.01 other acidic
54 20-40 fine 5.33 5.71 4.92 5.72 5.06 <0.01 0.00 0.00 5.06 <0.01 other acidic
55 40-90 fine 6.11 6.53 5.69 6.31 2.60 <0.01 0.00 0.00 2.60 <0.01 other soil materials
6.1 0-5 fine 6.55 5.39 6.12 7200 6.72 0.00 <0.01 0.00 1.22 -163.15 <0.01 other soil materials
6.2 5-10 fine 5.50 4.50 5.05 5.99 4.61 <0.01 0.00 0.00 4.61 <0.01 other soil materials
6.3 10-20 fine 5.07 4.12 4.56 5.24 11.70 <0.01 0.00 0.00 11.70 <0.01 other acidic
6.4 20-40 fine 5.40 7.49 6.09 6.28 3.06 <0.01 0.00 0.00 3.06 <0.01 other acidic

6.5 40-90 fine 6.46 6.96 6.52 6.90 0.00 <0.01 0.00 0.93 -123.30 <0.01 other soil materials
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Table 8-2 (continued). Laboratory analytical data for acid sulfate soil assessment of Karadoc Swamp (Wetland ID 40156).
(red printed values indicates data results of potential concern)

Site Depth . Sulfate Titratable Chrom_ium Retained ACiq . Net ACi(.j . . )
and Range Soil pH pH_ _ pH _ (mg SO, / pH Ac'tu_al Reducible Acidity Neutrall_smg Acidity Vola_tlle Acid Sulfatg .SOIl' Material
Layer Texture water eroxide incubation 4 KCI Acidit Sulfur + Capacit A Sulfide Classification
y (cm) P kg) Y (mole H'it) Pacty  (mole H'ft)
ID. (mole H'ft) (%Scr) (%CaCOy) (%Sav)
7.1 0-5 fine 6.19 6.23 5.66 16200 6.90 0.00 <0.01 0.00 1.28 -170.11 <0.01 other soil materials
7.2 5-10 fine 5.51 5.38 4.87 6.15 3.38 <0.01 0.00 0.00 3.38 <0.01 other acidic
7.3 10-20 fine 6.24 6.30 5.63 6.29 2.81 <0.01 0.00 0.00 2.81 <0.01 other soil materials
7.4 20-40 fine 6.20 6.80 5.92 6.50 0.00 <0.01 0.00 0.97 -129.62 <0.01 other soil materials
7.5 40-90 fine 4.41 6.79 6.09 6.40 2.98 <0.01 0.00 0.00 2.98 <0.01 other acidic
8.1 0-5 fine 6.75 6.82 6.37 7905 7.43 0.00 <0.01 0.00 1.28 -170.90 <0.01 other soil materials
8.2 5-10 fine 5.74 6.20 5.16 5.85 6.64 <0.01 0.00 0.00 6.64 <0.01 other acidic
8.3 10-20 fine 5.17 5.60 4.79 5.56 6.53 <0.01 0.00 0.00 6.53 <0.01 other acidic
8.4 20-40 fine 5.51 6.40 5.24 5.92 2.90 <0.01 0.00 0.00 2.90 <0.01 other soil materials
8.5 40-90 fine 6.20 6.59 5.81 6.39 3.63 <0.01 0.00 0.00 3.63 <0.01 other soil materials
9.1 0-2 medium  8.24 8.15 7.85 419 9.03 0.00 0.02 0.00 0.74 -83.74 0.01 hypomonosulfidic (< 0.10)
9.2 2-5 fine 8.05 7.44 7.81 8.50 0.00 0.01 0.00 2.63 -343.93 <0.01 hyposulfidic (< 0.10)
9.3 5-10 fine 8.14 8.10 7.89 7.56 0.00 0.02 0.00 1.07 -132.41 <0.01 hyposulfidic (< 0.10)
9.4 10-20 fine 7.87 8.22 7.79 7.77 0.00 <0.01 0.00 0.62 -82.37 <0.01 other soil materials
9.5 20-40 fine 7.89 8.20 7.96 7.78 0.00 0.01 0.00 0.71 -87.68 0.01 hypomonosulfidic (< 0.10)
9.6 40-90 fine 7.59 8.29 7.66 8.11 0.00 0.01 0.00 0.70 -86.82 <0.01 hyposulfidic (< 0.10)
10.1 0-5 fine 6.93 6.73 6.42 2925 7.29 0.00 0.01 0.00 0.38 -42.91 <0.01 hyposulfidic (< 0.10)
10.2 5-10 fine 7.17 6.94 6.92 8.20 0.00 <0.01 0.00 0.89 -118.43 <0.01 other soil materials
10.3 10-20 fine 5.88 6.47 5.51 5.98 4.43 0.01 0.00 0.00 10.99 <0.01 hypersulfidic”
10.4 20-40 fine 5.33 6.73 5.20 5.83 5.67 0.02 0.00 0.00 20.80 0.01 hypermonosulfidic”
10.5 40-90 fine 6.39 7.12 6.41 6.48 1.15 <0.01 0.00 0.00 1.15 <0.01 other soil materials
11.1 0-5 fine 6.69 6.05 6.02 10695 7.00 0.00 0.01 0.00 0.20 -20.02 <0.01 hyposulfidic (< 0.10)
11.2 5-10 fine 5.84 5.03 4.96 5.97 2.90 <0.01 0.00 0.00 2.90 <0.01 other acidic
11.3 10-20 fine 6.32 6.53 4.89 6.20 3.03 <0.01 0.00 0.00 3.03 <0.01 other acidic
114 20-40 fine 6.68 7.24 6.30 6.94 0.00 0.01 0.00 0.23 -24.68 <0.01 hyposulfidic (< 0.10)
115 40-85 fine 7.11 7.51 6.75 7.50 0.00 <0.01 0.00 0.46 -61.43 <0.01 other soil materials
11.6 85-90 fine 7.04 7.63 6.75 6.81 0.00 <0.01 0.00 0.20 -27.14 <0.01 other soil materials
12.1 0-5 6.82 6.39 6.39 16050 6.97 0.00 0.01 0.00 0.00 6.88 <0.01 hypersulfidic”
12.2 5-10 fine 5.56 5.09 5.31 6.09 2.42 <0.01 0.00 0.00 2.42 <0.01 other soil materials
12.3 10-20 fine 5.40 491 4.97 5.75 5.93 <0.01 0.00 0.00 5.93 <0.01 other acidic
12.4 20-40 fine 5.21 6.15 4.96 5.86 4.94 0.09 0.00 0.00 60.22 <0.01 hypersulfidic*
125 40-90 fine 5.84 6.46 5.58 6.37 0.94 <0.01 0.00 0.00 0.94 <0.01 other soil materials

# Classified as hypersulfidic/hypermonosulfidic based on positive net acidity.
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Table 8-3. Field hydrochemistry data for acid sulfate soil assessment of Karadoc Swamp (Wetland ID 40156).

Specific Electrical Dissolved Dissolved Redox L
. Temperature . . Turbidity HCO;
Site and Layer ID. Conductivity Oxygen Oxygen pH ORP potential Comment
(Deg C) (NTU) (mg/L)
(uS/cm) (%) (mg/L) (mV))
Lowland River* 125-2200 85-110 6.5-8.0 6-50
Freshwater Lakes* 20-30 90-110 6.5-8.0 1-20
40156_4 (SW) 18.9 28.5 12.15 8.94 268 13.4 40
40156_7 (PW) n.a. 202200 n.a. 6.25 424 n.a. 90
40156_9 (SW) 25.5 2455 3.57 8.38 251 n.a. 1082 Too shallow to measure turbidity
40156_11 (PW) 25.2 56400 1.10 6.07 239 n.a. 104 Turbidity not measured
40156_12 (PW) n.a. 56400 n.a. 6.44 325 n.a. 91 Turbidity not measured

* ANZECC water quality guidelines for lowland rivers and freshwater lakes/reservoirs in South-east Australia are provided for relevant parameters (there are currently no trigger values defined for ‘Wetlands’)
(ANZECC/ARMCANZ, 2000). Surface water values outside the ranges defined in the ANZECC guidelines are indicated with red text. (SW) and (PW) indicate whether the sample was taken from surface
water or pore-water, respectively.
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Table 8-4. Laboratory hydrochemistry data for acid sulfate soil assessment of Karadoc Swamp
(Wetland ID 40156).

Parameter units ANZECC Site 4 Site 7 Site 9 Site 11 Site 12
Guidelines (SW) (PW) (SwW) (PW) (PW)
depth cm
Na mg I 6,450 33,485 778 13,044 27,220
K mg I'* 64 172 28 99 170
Ca mg I 1,465 1,805 27 863 1,613
Mg mg I 883 5,988 81 2,061 4,681
Si mg I'* 0.6 12.5 12.4 10.6 12.3
Br mg I 43.86 196.5 2.38 72.18 147.06
cl mg I 15,810 68,333 480 22,300 48,201
NOs mg I'* 0.7 0.019 7.35 0.046 0.104 21.811
NH,-N mg I 0.01 0.082 1.382 0.279 0.582 0.739
PO,-PF mg I 0.005 0.086 0.222 0.427 0.016 0.083
SO, mg I 3,893 5,577 284 6,093 9,456
Ag pg I 0.05 1 11 <1 <1 5
AR pg I 55 10 36 <1 <1 <1
As® ug I* 13 <10 34 <10 8 <10
cd pg It 0.2 <1 21 <1 <1 5
Co pg It 2.8 3 22 1 55 6
cr¢ pg I* 1 <5 <5 12 <5 <5
cu” pg I 1.4 28 23 10 13 11
Fe pg I 300 <5 <5 <5 204 <5
Mn ug I* 1700 17 7,445 36 13,742 2,899
Nif pg It 11 40 84 <5 74 35
Pb" pg It 3.4 <1 12 <1 1 1
Se pg It 11 n/a n/a n/a n/a n/a
zn" pg I 8 22 27 6 29 18
DOC mg I'* n/a n/a n/a n/a n/a
Notes.

The ANZECC guideline values for toxicants refer to the Ecosystem Protection — Freshwater Guideline for protection of 95% of
biota in ‘slightly-moderately disturbed’ systems, as outlined in the Australian Water Quality Guidelines for Fresh and Marine
Water Quality (ANZECC/ARMCANZ, 2000). For the nutrients NH, and POa, guideline values are provided for Freshwater Lakes
and Reservoirs. Surface water values outside the ranges defined in the ANZECC guidelines are indicated with red text. (SW)
and (PW) indicate whether the sample was taken from surface water or pit-water (groundwater that entered an excavated pit),
respectively.

AGuideline is for Aluminium in freshwater where pH > 6.5.

8 Guideline assumes As in solution as Arsenic (AsV).

cGuideline is for Chromium is applicable to Chromium (CrVI) only.
e Guideline is for filterable reactive phosphorous (FRP).
nHardness affected (refer to Guidelines).
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Table 8-5. Site description data for acid sulfate soil assessment of Karadoc Swamp (Wetland ID 40156).

Site Depth to Surface Earth Cover Location Notes Rationale for site selection | ASS Soil Classification Comments
No. | Water Table | Condition (Vegetation)
(cm)
Beyond Sparse low Dryland area at terminus of one _ _ _ o
1 sampling Dry succulent Southern inlet channel. Situated at inlet, dry site Other acidic
depth shrubs
Beyond Moderate low Wetland area SW of terminus of one
2 sampling Wet succulent Southern inlet channel. Situated at inlet, wet site Other acidic Some living lignum
depth shrubs
sparse
Bevond succulent .
3 y i b shrubs, Proximal to northern reed bed. Dryland Vegetation ch Oth Dead reed bases, dead aquatic snail
sampling ry moderate area to south of reed bed. egetation change er shells.
depth
dead grasses
and forbs
Sub- Western end of lake basin proximal to Shallow, un-vegetated sub- o
4 -5 aqueous Sub-aqueous outlet. Lake bed with surface water. aqueous site Other acidic Yellow-brown crust on lake bed
5 si?ﬂ?nd Moist Sparse dead Western end of lake basin. Moist area Moist area adjacent to other acidic
degth g low shrubs to north of surface water surface water
Beyond Sparse low | Western end of lake basin. Dryland area ;
) : Dry area adjacent to -
6 sampling Dry succulent to north of surface water previous site Other acidic
depth shrubs
) Northern section of outlet channel. ) o o
7 35 Moist Bare Centre of channel. Situated at outlet, moist site Other acidic
Beyond ] SW section of wetland. Bare moist o o
8 sampling Moist Bare surface. Bare, moist site Other acidic
depth
9 B’ Sub- SUb.adUeOUS SW reed bed. In aquatic vegetation with Shallow, densely vegetated Hvbomonosulfidic
agueous q surface water sub-agueous site yp
10 si?ol?nd Moist Mgggtr:itlirll(t)w Drainage fine from -SW Ial.(e basin. Connecting channel Hypermonosulfidic
pang Centre of drainage line between lake and outlet yp
depth shrubs
Zone of dead mature trees near SW onl ; ;
y area incorporating - .
11 43 Dry Bare margin of wetland. trees (dead) Hyposulfidic Dead shrubs and timber
Beyond _ Eastern end of lake basin. Leeward Moist section of lakebed, o _
12 sampling Moist Bare edge of basin. strong evidence of waterbird Hypersulfidic Dense waterbird tracks
depth activity
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Table 8-6. Profile description data for acid sulfate soil assessment of Karadoc Swamp (Wetland ID 40156).

£ o | w ” £%
< g g o = Loy
: ® 2 2 2 5 b
s| £ 7 g |8 g £ - 2
= o
s | & g g g s | 2 258
= £ E » o |2 2 2 2 s ? s E 2
5 % - Q b 2ol & 2 = O 3 S E S
17} a =] O n c o] o o ° ° 1S FZ T
° o E S IS £ = = ° S t =
= c o = s ® = = = ) ]
c o S = =] x3o| % < 5 2 2 @ e @2
c N o S = o c| o o 3 o 3) = E 3
o = = > 2 s 3| ©%© - 9 5 S = E o2
= o o B [<] o o]l o £ O o = =] T o ®
(7] I (] - = r <| x x x O ] ] =3 O & E
1.1 0-5 10YR 4/2 LMC T 1 M 2.5YR 3/4 PO W 5.82
1.2 5-10 10YR 4/3 MHC T 2 M 2.5YR 4/6 PO W 5.12
1.3 10-20 5Y 5/2 MHC T 2 M 2.5YR 4/6 PO M 4.65
1.4 20-40 5Y 5/2 MHC T 2 M 2.5Y 3/1 PO M 5.04
1.5 40-90 5Y 5/1 HC T 2 M 2.5Y 4/1 PO M 6.70
2.1 0-5 5Y 5/2 n/a W W 7.03 Too wet to field texture. Roots present.
2.2 5-10 5Y 5/2 MC M 2 M 5YR 5/6 PO W 4.55 QOrganic matter, dense roots.
2.3 10-20 5Y 5/2 MHC M 1 M 5YR 3/3 PO M 4.68 Organic matter, dense roots.
2.4 20-40 5Y 5/2 HC M 1 M 5YR 3/3 PO M 5.64 Organic matter, dense roots.
2.5 40-90 5Y 5/2 HC M 2 M 5YR 4/4 PO M 6.14
3.1 0-5 5Y 5/1 KMC D PO S 8.31
3.2 5-10 5Y 4/1 KMC D 1 M 7.5YR 5/6 PO S 7.96
3.3 10-20 5Y 4/1 KMC D 3 M 7.5YR 5/6 SB S 7.81 Salt visible on ped surfaces.
3.4 20-40 5Y 4/1 KMHC T 3 M 7.5YR 5/6 PO S 7.62 Salt visible on ped surfaces.
3.5 40-90 5Y 4/1 MHC T 2 M 7.5YR 5/6 PO M 7.44 Secondary mottle 10 YR 3/2.
4.1 0-5 5Y 6/1 n/a W W 7.50 Too wet to field texture.
4.2 5-10 5Y 6/2 MC W W 6.82 Too wet to field texture.
4.3 10-20 5Y 5/2 MC M M 7.5YR 5/6 PO M 6.49
4.4 20-40 5Y 5/1 MC T 2 M 7.5YR 5/6 PO M 5.97
4.5 40-55 5Y 5/1 MC M M 7.5YR 5/6 PO M 6.15
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Table 8-6 (continued). Profile description data for acid sulfate soil assessment of Karadoc Swamp (Wetland ID 40156).
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5.1 0-5 2.5Y 4/2 KMC M PO W 6.05 1% gravel in sample.
5.2 5-10 2.5Y 5/2 KMC M 1 M 10YR 5/4 PO M 5.19
5.3 10-20 2.5Y 5/2 KHC M 3 M 10YR 5/4 PO M 5.06
54 20-40 2.5Y 5/1 KHC M 1 M 10YR 5/4 PO M 5.88
5.5 40-90 5Y 4/1 KHC M 1 M 10YR 5/4 PO M 5.10 White crystals present.
6.1 0-5 2.5Y 4/2 LMC T PO W 6.09 Roots present.
6.2 5-10 2.5Y 4/2 KMHC T 1 M 7.5YR 5/4 PO M 5.39 Roots present.
6.3 10-20 2.5Y 5/2 KHC T 3 M 7.5YR 5/4 PO M 4.70 Roots present.
6.4 20-40 5Y 5/2 SHC T 3 M 10R 3/2 PO M 5.98 Salt fissures.
6.5 40-90 10YR 4/3 SHC M 2 M 7.5R 4/2 PO M 6.88 Salt fissures.
7.1 0-5 5Y 4/1 MC M 1 M 10YR 6/2 PO M 5.76
7.2 5-10 5Y 5/2 MC M 1 M 10YR 6/2 PO M 5.35
7.3 10-20 5Y 5/2 MHC M 1 M 10YR 6/2 PO M 6.01
7.4 20-40 5Y 5/2 MHC M 2 M 10YR 4/3 PO M 6.10
7.5 40-90 5Y 5/1 KHC W 1 M 10YR 6/2 PO M 6.08
8.1 0-5 5Y 4/2 HC M 1 M 10YR 4/2 PO M 6.68
8.2 5-10 5Y 5/2 HC M 1 M 10YR 4/2 PO M 5.38
8.3 10-20 5Y 5/2 HC M 1 M 10YR 4/2 PO M 4.97 Nodules present.
8.4 20-40 5Y 6/2 HC M 2 M 10YR 6/6 PO M 5.21 Nodules present. Secondary mottle 10 YR 4/2.
8.5 40-90 5Y 6/2 HC M 1 M 10YR 4/2 PO M 6.13 Nodules present.

Assessment of Acid Sulfate Soil Materials in the Mildura Region

Page 54



Table 8-6 (continued). Profile description data for acid sulfate soil assessment of Karadoc Swamp (Wetland ID 40156).
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9.1 0-2 10 YR 3/4 FSCL W PO W 8.84 Layer is organic. Roots present.
9.2 2-5 5Y 6/2 HC M PO M 8.40
9.3 5-10 5Y 6/2 HC M PO M 8.17
9.4 10-20 5Y 6/2 HC M PO M 7.97
9.5 20-40 5Y 6/2 HC M PO M 7.89
9.6 40-90 5Y 6/2 HC M 1 M 10YR 4/2 PO M 8.09 Mottles between 40-50cm.
10.1 0-5 5Y 6/2 MC M 3 M 5Y 8/1 PO M 7.11
10.2 5-10 5Y 6/2 MC M 3 M 10YR 5/6 PO M 6.51 Salt in root channels.
10.3 10-20 5Y 6/2 MHC M 3 M 10YR 5/6 PO M 5.89 Salt.
10.4 20-40 5Y 5/2 HC M 4 M 10YR 4/4 PO M 5.32
10.5 40-90 5Y 5/2 HC M 2 M 10YR 4/4 PO M 6.41 Secondary mottle GLEY 1 5/10GY.
11.1 0-5 2.5Y 5/2 FSLMC T 2 M 7.5YR 4/4 PO W 6.64
11.2 5-10 2.5Y 5/2 FSMHC T 2 M 7.5YR 4/4 PO W 5.31
11.3 10-20 2.5Y 5/2 SMHC T 2 M 7.5YR 3/2 PO M 6.01 Salt fissures.
11.4 20-40 5Y 5/2 SMHC T 2 M 2.5Y 3/1 PO M 6.97 Salt fissures.
11.5 40-85 5Y 5/2 KSMC M 1 M 5Y 6/4 PO M 7.01 Salt fissures.
11.6 85-90 5Y 6/2 KSMC M 1 M 5Y 6/4 PO M 7.11 Nodules present.
12.1 0-5 5Y 5/2 n/a W PO M 7.12 Too wet to field texture.
12.2 5-10 5Y 5/2 MC M 4 M 2.5Y 5/6 PO M 6.23
12.3 10-20 5Y 5/2 MHC M 4 M 2.5Y 3/3 PO M 5.25
12.4 20-40 5Y 5/2 MHC M 4 M 2.5Y 3/3 PO M 5.37
12.5 40-90 5Y 5/1 MHC M 4 M 5Y 5/4 PO M 5.74 Secondary mottle 5Y 2.5/1.
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8.2. Lake Iraak (Wetland ID 40175)

8.2.1. Location and setting description

The Lake Iraak wetland is situated approximately 30 km south-southeast of Mildura, on the
south side of the River Murray, on the floodplain. The wetland can be described as a roughly
circular terminal lake approximately 1 km in diameter, and 81 hectares in area. The wetland
is surrounded by orchards and vineyards, on red sand hill country. A modified water-holding
channel is situated along the southern margin of the wetland. Vegetation features of the
wetland include areas characterised by bare clay, low succulent shrubs, sedges, and
Phragmites sp. reed beds. At the time of sampling, the surface was moist but lacked surface
water.

Figure 8-21. Lake Iraak and sample site locations.

8.2.2. Soil profile description and distribution

Eight sites were described and sampled. The soil subtype and general location description
of each site are presented in Table 8-7. Sites were distributed throughout the wetland based
on different surface features and locations in the wetland, and a transect approach was used
in part.

The profile 40175_1 (Figure 8-23) is situated in an area near the margin of the wetland in a
zone of low, succulent shrubs. The profiles 40175_5 (Figure 8-27), 40175_6 (Figure 8-28),
40175_7 (Figure 8-29), 40175_8 (Figure 8-30) and 40175_2 (Figure 8-24) formed a transect
from a low, red sand dune at the outer margin of the wetland (40175_5) towards the centre of
the lake (40175_2), where a zone of lower succulent shrubs and moist soil occurred, with
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visible salt efflorescences. The profile 40175 3 (Figure 8-25) was situated in the middle of a
small reed bed, and profile 40175 _4 (Figure 8-26) was situated in the middle of the channel.
Additional site and profile description data are presented in Tables 8-11 and 8-12,
respectively.

Table 8-7. Soil identification, subtype and general location description for Lake Iraak.

Easting Northing i i
Site ID UTM UTM A;J%t?lélgaé?azzll General location description

Zone 54H Zone 54H

Northern edge of wetland. Margin of

40175_1 621709 6191202 Hydrosol basin.
40175_2 621774 6190826 Hydrosol Centre of basin. Bare moist area.
40175 3 622025 6191019 Hydrosol Reed bed on NE edge of wetland.

Modified channel on SE edge of

40175_4 622062 6190383 Subaqueous Soil wetland. Centre of channel.

SW margin of wetland. Low red sand

40175 5 621309 6190519 Hydrosol
mound.
40175 _6 621378 6190515 Hydrosol SW margin of wetland. Edge of basin.
401757 621440 6190551 Hydrosol SW margin of wetland. Between edge
and centre of basin.
40175 8 621580 6190606 Hydrosol Centre of basin. Bare dry area.
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Figure 8-22. Conceptual cross section diagram showing the toposequence relationship of the
Lake Iraak sediments/soil materials throughout the wetland.

Figure 8-23. Photographs of site 40175_1, showing location of the site between a zone of living
and dead trees and low, succulent shrubs, and the soil profile.
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Figure 8-24. Photographs of site 40175_2, showing the low, bare, moist area amongst succulent
shrubs in the centre of the wetland, and the soil profile.

Figure 8-25. Photographs of site 40175_3, showing the reed bed from which the sample was
taken, and the soil profile.

Figure 8-26. Photographs of site 40175_4, showing the modified channel from which samples
were taken, and the soil core.
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Figure 8-27. Photographs of site 40175_5, showing the low, red sand dune from which the
sample was taken among low, succulent vegetation, and the soil profile.

Figure 8-28. Photographs of site 40175_6, showing the bare, grey, cracking clay surface and
light succulent vegetation cover, and the soil profile.

Figure 8-29. Photographs of site 40175_7, showing a biological crust over a grey, cracking clay
surface with low succulent vegetation, and the soil profile.
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Figure 8-30. Photographs of site 40175_8, showing the bare, grey, cracking clay surface, and
the soil profile.

8.2.3. Laboratory data assessment

Soil pH testing (pHw, PHerox, PHkci, PHiNcusATION)

The pH data is provided in Table 8-8 and profiles for all the sites sampled are presented in
Figures 8-31 and 8-32. The pHy values ranged between 6.25 and 8.69. Sulfuric materials
(i.e. pHw < 4) were not present. The pHrox values ranged between 3.89 and 8.74. The
pHrox results indicate that one of 40 of the surface soils examined may have the potential to
acidify to pH < 4 as a result of sulfide oxidation. However, the Scr data shows this layer
contained no detectable sulfide (i.e. Scg < 0.01% S). None of the soil materials acidified to
pH < 4 after at least 8 weeks of incubation. Other acidic soil materials were not identified at
any sites.
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Figure 8-31. Depth profiles of soil pH for Lake Iraak (40175 1 — 40175_4), showing soil pH (pHw
as green line), peroxide treated pH (pHrox as red line) and ageing pH (pPHincubation after at least
eight weeks as purple line). Critical pHy and pHincubation Value of 4 (green dashed line) and
critical pHrox value of 2.5 (red dashed line).
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Figure 8-32. Depth profiles of soil pH for Lake Iraak (40175 _5 — 40175_8), showing soil pH (pHw
as green line), peroxide treated pH (pHrox as red line) and ageing pH (pHincubation after at least
eight weeks as purple line). Critical pHyw and pHincubation Value of 4 (green dashed line) and

critical pHrox value of 2.5 (red dashed line).

Assessment of Acid Sulfate Soil Materials in the Mildura Region

Page 63



Acid-base accounting

The acid-base accounting data is provided in Table 8-8 and summarised in Figures 8-33 and
8-34.

Chromium reducible sulfur

Sulfidic soil materials (i.e. Scg = 0.01% S) were not found within this wetland.
Acid volatile sulfide

Monosulfidic soil materials (i.e. Say = 0.01% S) were not found within this wetland.
Acid neutralising capacity

The acid neutralising capacity (ANC) ranged between zero and 21.6% CaCOs.
Titratable actual acidity

The titratable actual acidity (TAA) ranged between zero and 4.7 mole H*/tonne, with the
majority of soil layers having no TAA.

Retained acidity
There was no retained acidity at any of the sites as all samples had a pHgc > 4.5.
Net acidity

The net acidity ranged between -2,871 and 5 mole H'/tonne, with the majority of samples
having negative net acidities.

Water Soluble Sulfate

The water soluble sulfate in the surface soils (i.e. 0-5 cm) ranged between 29.3 and 11,760
mg/L. Seven of the eight surface soil layers examined had a soluble sulfate content
exceeding the 100 mg/L trigger value for MBO formation potential.

Water Data

The surface water and groundwater data measured in the field and laboratory are presented
in Tables 8-9 and 8-10, respectively. The field pH of the surface water collected was 6.5,
indicating that the surface water has not been affected by acidification. The surface water
sulfate concentration was 40 mg/L. Some nutrient (i.e. NH4, PO,4), metal (i.e. Al, Cu, Zn) and
turbidity values were found to exceed the most relevant ANZECC/ARMCANZ (2000)
guideline value. The groundwater at the site sampled had a high sulfate concentration of
7,302 mg/L.
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Figure 8-33. Acid-base accounting depth profiles for Lake Iraak (40175_1 — 40175 _4). Left side
shows the components: titratable actual acidity (TAA - red bar), acid generating potential (AGP
as Scr -pink bar), acid neutralising capacity (ANC - blue bar), retained acidity (RA - yellow bar),
and right side shows net acidity.
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Figure 8-34. Acid-base accounting depth profiles for Lake Iraak (40175 _5 — 40175_8). Left side
shows the components: titratable actual acidity (TAA - red bar), acid generating potential (AGP
as Scr -pink bar), acid neutralising capacity (ANC - blue bar), retained acidity (RA - yellow bar),
and right side shows net acidity.
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8.2.4. Discussion

Acid sulfate soil materials were not found at Lake Iraak. Other acidic soils were recorded at
one site (40175_4). The remaining sites were classified as other soil materials.

Seven surficial soil materials contained soluble sulfate in excess of the 100 mg/L trigger
value for MBO formation potential. Based on the priority ranking criteria adopted by the
Scientific Reference Panel of the Murray-Darling Basin Acid Sulfate Soil Risk Assessment
Project, these seven sampling sites had a high priority ranking for Phase 2 detailed
assessment based on MBO formation hazard.

The potential hazards at the wetland-scale posed by the soil materials at Lake Iraak are:

¢ Acidification hazard: The data indicate that with low net acidities and no sulfidic
materials that the degree of acidification hazard is low.

e Deoxygenation hazard: The soluble sulfate contents of surface soil materials at seven
sites were over the trigger value for MBO formation indicating the possible
development of an appreciable deoxygenation hazard at those locations after
prolonged wet conditions.

e Metal mobilisation: The low acidification hazard indicates that soil acidification is not
likely to increase the solubility of metals. However, the potential for MBO formation
identified in this wetland may result in an appreciable metal release hazard
depending on factors such as the potential for MBO formation and the metal loading

in this wetland.

Summary of key findings for the Lake Iraak:

Soil materials:

Sulfuric and sulfidic soil materials were not observed. Other acidic
soils were observed at 1 site. All soil materials classified as other soil
materials. Low net acidities dominant within wetland.

Acid sulfate soil
identification:

No acid sulfate soils identified.
Soils predominantly hydrosols. Subaqueous soil also identified.

Hazard
assessment

Acidification hazard - low level of concern
Deoxygenation hazard - high level of concern
Metal mobilisation hazard — low to moderate level of concern
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Table 8-8. Laboratory analytical data for acid sulfate soil assessment of Lake Iraak (Wetland ID 40175).

(red printed values indicates data results of potential concern)

irlfg gepth Soil pH pH pH Sulfate pH Tllgc?ttsglle (I;réiiourzilglrg Ret?".‘ed Neuﬁ;ll?sing Net Acidity Acid Vplatile Acid Sulfgte Soil
Layer ange Texture  water eroxide incubation (mg SO/ KCI Acidit Sulfur AC|d|t¥ Capacit mole H'/t Sulfide Ma_t(_erlal'
4 (cm) P kg) Y (mole H'/t) pacity ( ) (%Sav) Classification

ID. (mole H'1t) (%Scr) (%CaCoOs)

11 0-5 medium 6.25 8.12 7.37 11760 8.92 0.00 <0.01 0.00 2.31 -307.71 <0.01 other soil materials
1.2 5-10 fine 6.97 7.68 7.40 8.90 0.00 <0.01 0.00 3.35 -446.05 <0.01 other soil materials
1.3 10-20 medium 6.69 7.37 7.18 9.02 0.00 <0.01 0.00 1.38 -184.15 <0.01 other soil materials
1.4 20-27 fine 6.76 6.99 6.91 7.32 0.00 <0.01 0.00 0.32 -42.83 <0.01 other soil materials
15 27-40 fine 6.67 7.28 6.93 6.94 0.00 <0.01 0.00 0.40 -52.74 <0.01 other soil materials
1.6 40-90 fine 6.98 7.22 6.99 7.04 0.00 <0.01 0.00 0.28 -37.52 <0.01 other soil materials
2.1 0-3 medium 7.52 7.70 7.67 10395 8.91 0.00 <0.01 0.00 18.998 -2530.51 <0.01 other soil materials
2.2 3-5 fine 7.94 7.70 7.80 8.40 0.00 <0.01 0.00 3.74 -497.65 <0.01 other soil materials
2.3 5-10 fine 7.88 7.23 7.67 8.56 0.00 <0.01 0.00 1.65 -219.36 <0.01 other soil materials
2.4 10-20 fine 7.75 8.05 7.49 7.63 0.00 <0.01 0.00 1.50 -199.49 <0.01 other soil materials
2.5 20-40 fine 6.72 7.05 6.52 6.57 0.00 <0.01 0.00 0.73 -96.81 <0.01 other soil materials
2.6 40-90 fine 6.91 7.26 6.94 7.03 0.00 <0.01 0.00 0.94 -124.79 <0.01 other soil materials
3.1 0-2 medium 7.47 7.75 7.11 393 8.05 0.00 <0.01 0.00 2.38 -316.67 <0.01 other soil materials
3.2 2-5 medium 7.65 7.94 7.50 8.32 0.00 <0.01 0.00 0.92 -122.32 <0.01 other soil materials
3.3 5-10 fine 7.76 8.08 7.53 8.68 0.00 <0.01 0.00 1.52 -203.10 <0.01 other soil materials
3.4 10-20 fine 8.00 8.57 7.52 8.39 0.00 <0.01 0.00 1.27 -169.01 <0.01 other soil materials
3.5 20-40 fine 7.91 7.60 7.64 7.37 0.00 <0.01 0.00 0.80 -106.27 <0.01 other soil materials
3.6 40-90 fine 8.69 7.89 7.87 8.00 0.00 <0.01 0.00 0.71 -94.40 <0.01 other soil materials
4.1 0-20 6.40 3.89 5.95 29.3 5.41 2.43 <0.01 0.00 0.00 2.43 <0.01 other soil materials
4.2 20-28 6.97 7.08 5.49 6.47 1.33 <0.01 0.00 0.00 1.33 <0.01 other acidic
5.1 0-5 coarse 7.63 6.72 7.66 4050 9.19 0.00 <0.01 0.00 0.99 -132.15 <0.01 other soil materials
5.2 5-10 medium  7.77 6.77 7.50 8.52 0.00 <0.01 0.00 0.34 -44.75 <0.01 other soil materials
5.3 10-20 medium  8.14 6.69 7.43 8.08 0.00 <0.01 0.00 0.10 -13.49 <0.01 other soil materials
5.4 20-40  coarse 7.98 7.29 7.65 7.93 0.00 <0.01 0.00 0.30 -39.79 <0.01 other soil materials
5.5 40-47  coarse 7.98 7.69 7.40 7.93 0.00 <0.01 0.00 0.27 -36.35 <0.01 other soil materials
5.6 47-90 fine 8.03 6.81 6.54 6.80 0.00 <0.01 0.00 0.53 -70.12 <0.01 other soil materials
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Table 8-8 (continued). Laboratory analytical data for acid sulfate soil assessment of Lake Iraak (Wetland ID 40175).

(red printed values indicates data results of potential concern)

Site

Titratable

Chromium

Acid

and RDepth Soil pH pH pH Sulfate pH Actual Reducible Retgur_\ed Neutralising  Net Acidity Acid Vglatlle Acid Sulfa_te Soil
Layer angeé  rexture water peroxide incubation (mg SO/ KCI Acidity Sulfur AC'd'tX Capacity (mole H'1t) Sulfide Ma.t?”al.
(cm) kg) 4 (mole H'/t) (%Sav) Classification

ID. (mole H'f) (%Scr) (%CaCOs)

6.1 0-5 medium 7.84 7.40 7.61 9915 8.79 0.00 <0.01 0.00 4.21 -560.25 <0.01 other soil materials
6.2 5-10 medium 8.05 8.19 7.54 8.37 0.00 <0.01 0.00 1.14 -152.08 <0.01 other soil materials
6.3 10-20 fine 7.56 7.74 7.25 7.38 0.00 <0.01 0.00 0.82 -109.58 <0.01 other soil materials
6.4 20-40 fine 7.16 7.44 6.72 6.98 0.00 <0.01 0.00 0.73 -96.99 <0.01 other soil materials
6.5 40-90 fine 7.19 7.84 6.94 7.11 0.00 <0.01 0.00 0.56 -73.93 <0.01 other soil materials
7.1 0-5 medium 7.84 7.66 7.45 9090 8.66 0.00 <0.01 0.00 21.55 -2870.67 <0.01 other soil materials
7.2 5-10 fine 8.08 8.46 7.37 7.60 0.00 <0.01 0.00 0.87 -115.34 <0.01 other soil materials
7.3 10-20 fine 8.10 8.74 7.50 7.19 0.00 <0.01 0.00 0.85 -112.81 <0.01 other soil materials
7.4 20-40 fine 8.09 8.67 7.28 6.94 0.00 <0.01 0.00 0.78 -103.82 <0.01 other soil materials
7.5 40-90 fine 7.22 7.87 7.15 7.16 0.00 <0.01 0.00 0.80 -107.18 <0.01 other soil materials
8.1 0-5 medium 7.77 7.58 7.52 11685 8.58 0.00 <0.01 0.00 11.02 -1468.50 <0.01 other soil materials
8.2 5-10 fine 7.91 8.24 7.43 7.58 0.00 <0.01 0.00 11.02 -1468.50 <0.01 other soil materials
8.3 10-20 fine 7.36 8.14 7.03 7.02 0.00 <0.01 0.00 0.88 -117.60 <0.01 other soil materials
8.4 20-40 fine 6.79 7.27 6.45 6.63 0.00 <0.01 0.00 0.75 -99.29 <0.01 other soil materials
8.5 40-90 fine 6.94 7.53 6.55 6.85 0.00 <0.01 0.00 0.81 -108.09 <0.01 other soil materials
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Table 8-9. Field hydrochemistry data for acid sulfate soil assessment of Lake Iraak (Wetland ID 40175).

Specific Electrical Dissolved Dissolved Redox

Site and Layer ID Temperature Conductivit Oxygen Oxygen H ORP otential Turbidity HCOs Comment
i .
4 (Deg C) y v9 ye P P (NTU)  (mg/L)
(uS/cm) (%) (mg/L) (mV))

Lowland River* 125-2200 85-110 6.5-8.0 6-50
Freshwater Lakes* 20-30 90-110 6.5-8.0 1-20

40175_2 (PW) 226 Insufficient depth for instrument probes

40175_4 (SW) 20.6 98.6 7.35 6.50 217 51.6 57

* ANZECC water quality guidelines for lowland rivers and freshwater lakes/reservoirs in South-east Australia are provided for relevant parameters (there are currently no trigger values defined for ‘Wetlands’)
(ANZECC/ARMCANZ, 2000). Surface water values outside the ranges defined in the ANZECC guidelines are indicated with red text. (SW) and (PW) indicate whether the sample was taken from surface
water or pore-water, respectively.
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Table 8-10. Laboratory hydrochemistry data for acid sulfate soil assessment of Lake Iraak
(Wetland ID 40175).

Parameter units A'.\IZE.CC Site 2 Site 4
Guidelines (PW) (SW)
depth cm
Na mg I'* 27,140 12
K mg I'* 273 2
Ca mg I'* 1,648 6
Mg mg I'* 4,337 4
Si mg I'* 8.9 0.3
Br mg I 154.4 2.2
cl mg I'* 48,249 645
NOs mg I'* 0.7 8.973 0.146
NH,-N mg I 0.01 0.207 0.037
PO,-PF mg I'* 0.005 0.137 0.16
SO, mg I'* 7,302 40
Ag pg I 0.05 29 <1
AR pg I 55 <1 75
As® ug I* 13 <10 <10
cd pg It 0.2 8 <1
Co pg It 2.8 5 <1
cr¢ pg I* 1 <5 <5
cu” pg I 1.4 47 5
Fe pg I 300 <5 57
Mn ug I* 1700 76 6
Nif pg It 11 22 <5
Pb" pg It 3.4 1 <01
Se pg It 11 n/a n/a
zn" pg I 8 26 20
DOC mg I'* n/a n/a
Notes.

The ANZECC guideline values for toxicants refer to the Ecosystem Protection — Freshwater Guideline for protection of 95% of
biota in ‘slightly-moderately disturbed’ systems, as outlined in the Australian Water Quality Guidelines for Fresh and Marine
Water Quality (ANZECC/ARMCANZ, 2000). For the nutrients NH, and POa, guideline values are provided for Freshwater Lakes
and Reservoirs. Surface water values outside the ranges defined in the ANZECC guidelines are indicated with red text. (SW)
and (PW) indicate whether the sample was taken from surface water or pit-water (groundwater that entered an excavated pit),
respectively.

AGuideline is for Aluminium in freshwater where pH > 6.5.

8 Guideline assumes As in solution as Arsenic (AsV).

cGuideline is for Chromium is applicable to Chromium (CrVI) only.
e Guideline is for filterable reactive phosphorous (FRP).
nHardness affected (refer to Guidelines).
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Table 8-11. Site description data for acid sulfate soil assessment of Lake Iraak (Wetland ID 40175).

Depth to
Site P Surface Earth Cover ) Rationale for site ) L
Water Table N ] Location Notes . ASS Soil Classification Comments
No. Condition (Vegetation) selection
(cm)
Beyond Sparse low Northern edge of wetland. Margin of
1 sampling Dry succulent basin. Edge of wetland. Other
depth shrubs
Sparse low ) .
2 >90cm Moist succulent Centre of basin. Bare moist area. Unvegetated area. Other Soil moist enough to bog vehicle
shrubs
Beyond D q
3 Sadmpli':]g Moist enggdree Reed bed on NE edge of wetland. Reed vegetation. Other Swampy smell, but not H,S
ept
Sub- Modified channel on SE edge of
4 -90cm aqueous Sub-aqueous wetland. Centre of channel. Sub-aqueous site. Other acidic Artificial channel
Beyond Moderate leaf .
5 sampling b litter and low SW margin of wetland. Low red sand Most elevated point in )
Y succulent mound. wetland Other
depth :
shrubs.
Beyond Sparse low ) .
6 sampling Dry succulent SW margin of wetland. Edge of basin. Shrub vegetation. Other
depth shrubs.
Beyond Dense SW marai )
- ense gin of wetland. Between edge o Zone of low sand dunes, approximately
7 sampling Dry microbiotic and centre of basin. Microbiotic crust. Other 30cm high and 5m diameter
depth crust.
Beyond )
8 sampling Dry Bare. Centre of basin. Bare dry area. Unvegetated area. Other
depth
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Table 8-12. Profile description data for acid sulfate soil assessment of Lake Iraak (Wetland ID 40175).
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1.1 0-5 5Y 5/2 FSLC T 2 M 2.5YR 5/6 n.a. \ 8.06
1.2 5-10 5Y 5/2 FSMC T 2 M 2.5YR 4/6 n.a. \ 8.28
1.3 10-20 5Y 6/2 FSLC T 2 M 2.5YR 5/6 n.a. \Y 7.59
1.4 20-27 5Y 6/2 FSMC T 2 M 2.5YR 4/6 n.a. V 7.40
1.5 27-40 5Y 6/2 FSMC T 2 M 5YR 5/8 n.a. \ 7.49
1.6 40-90 5Y 6/2 FSMC T 2 M 5YR 5/8 n.a. \ 7.06
2.1 0-3 5Y 7/2 FSLC M n.a. \ 8.22
2.2 3-5 5Y 5/1 LMC M n.a. \ 8.56
2.3 5-10 5Y 5/1 MC M PO W 8.31
2.4 10-20 5Y 5/1 MC M 3 M 5YR 3/3 PO W 7.62
2.5 20-40 5Y 5/1 MHC M M 5YR 3/3 PO W 7.02
2.6 40-90 5Y 5/1 LMC M 3 M 5YR 3/3 PO W 7.10 Mottles end at 48cm.
3.1 0-2 7.5YR 2.5/3 LC M PO W 8.61 Dense roots.
3.2 2-5 5Y 6/1 LC M PO W 8.07 Dense roots.
3.3 5-10 5Y 6/2 LMC M 2 M 5YR 6/6 PO W 7.85 Dense roots.
3.4 10-20 5Y 6/2 MC M 2 M 5YR 4/6 PO W 7.60 Fine sand is heard. Roots present.
3.5 20-40 5Y 6/2 MC M 2 M 5YR 4/6 PO W 8.06
3.6 40-90 5Y 7/2 MC M 2 M 7.5YR 5/6 PO W 8.52 Roots observed to ~70cm.
4.1 0-20 | GLEY 25/5B ~FS W 2 M 5YR 5/4 G 6.59 All measurements made in lab. Too wet to hold texture.
4.2 20-28 Sample missing.
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Table 8-12 (continued). Profile description data for acid sulfate soil assessment of Lake Iraak (Wetland ID 40175).
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5.1 0-5 10YR 5/4 CS D n.a. G 7.34 Small white aggregates.
5.2 5-10 10YR 5/4 SL D n.a. G 8.07 Small white aggregates.
5.3 10-20 7.5YR 4/6 SL D 1 M 10YR 5/8 n.a. G 7.66 Small white aggregates.
5.4 20-40 5YR 5/6 CS T n.a. G 8.03
5.5 40-47 7.5YR 6/3 CS T 1 M 10YR 5/8 n.a. G 7.81
5.6 47-90 5Y 5/2 FSMHC T 2 M 2.5Y 4/3 SB S 6.82
6.1 0-5 5Y 6/2 CLS D 1 M 5Y 3/2 PL W 7.93
6.2 5-10 5Y 6/3 FSLC T 1 M 5Y 3/2 SB S 7.75
6.3 10-20 5Y 6/3 FSLMC T 1 M 5Y 3/2 SB S 7.42
6.4 20-40 5Y 6/3 FSMHC T 1 M 5Y 3/2 SB S 6.85
6.5 40-90 5Y 6/3 FSMC T 1 M 5Y 3/2 SB S 6.95
7.1 0-5 5Y 6/2 FSLC D SB W 7.93 Salt.
7.2 5-10 5Y 6/3 MC T SB S 7.89
7.3 10-20 5Y 6/3 MHC T 1 M 5Y 3/2 SB S 8.00
7.4 20-40 5Y 6/3 FSMC T SB S 8.19
7.5 | 40-90 5Y 6/3 FSLMC T SB S 7.18
8.1 0-5 5Y 6/2 FSLC D SB W 7.95
8.2 5-10 5Y 6/3 FSLMC T SB S 7.89
8.3 10-20 5Y 6/3 FSLMC T M 5Y 3/2 SB S 7.29 Main mottle zone is 15-28cm
8.4 20-40 5Y 6/3 FSLMC T M 5Y 3/2 SB S 6.59 Main mottle zone is 15-28cm
8.5 40-90 5Y 6/3 FSLMC T M 5Y 3/2 SB S 6.36 Small white aggregates.
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8.3. Spencers Bend Billabong (Wetland 1D 40190)

8.3.1. Location and setting description

Spencers Bend Billabong is an in-filled oxbow lake situated approximately 33.5 km south-
southeast of Mildura. The billabong is on the south side of the River Murray, on the
floodplain, and extends for around 1.4 km in length and 230 m in width. The wetland area is
19 hectares. The wetland was dry at the time of sampling. Zones of immature river red gums
of varying heights surrounded the channel bed. Vegetation coverage of forbs and grasses
reflected recent inundation events, in that the most recently inundated section at the lowest
point of the billabong was mostly bare.

Figure 8-35. Spencers Bend Billabong and sample site locations.

8.3.2. Soil profile description and distribution

Four sites were described and sampled. The soil subtype and general location description of
each site are presented in Table 8-13. Sites were distributed throughout the wetland based
on different surface features and locations in the wetland, and a transect approach was not
used.

The profile 40190_1 (Figure 8-37) was situated in the lowest point of the billabong, in a
distinctive, circular depression. The profile 40190 2 (Figure 8-38) was situated at the
southern end of the billabong, amongst perennial grasses and forb ground cover in the
centre of the channel. The profile 40190_3 (Figure 8-39) was situated in the centre of the
billabong (near the ox-bow bend), amongst low forbs and sparse, immature red gums. The
profile 40190 4 (Figure 8-40) was situated in a young, open Red Gum forest at the northern
end of the billabong. Additional site and profile description data are presented in Tables 8-16
and 8-17, respectively.
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Table 8-13. Soil identification, subtype and general location description for Spencers Bend
Billabong.

_ Easting  Northing  Acid sulfate soil
Site ID UTM UT™ subtype class

Zone 54H Zone 54H

General location description

Central section of billabong. Deepest

Sulfuric Cracking hole in most recently inundated and

40190_1 624387 6187630

Clay dried pond.
40190_2 624566 6187268 Sulfuric Soil Southern section of billabong. Centre of
channel.
40190_3 624300 6187461 Hydrosol Central sect|_on of billabong. I_Edge of
most recently inundated and dried pond.
40190 _4 624514 6187710 Hydrosol Northern section of billabong. Forested

section of channel.

Figure 8-36. Conceptual cross section diagram showing the toposequence relationship of the
Spencers Bend Billabong sediments/soil materials throughout the wetland.
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Figure 8-37. Photographs of site 40190 1, showing the depression at the lowest point of the
billabong, and the soil profile.

Figure 8-38. Photographs of site 40190 2, showing the billabong channel with low ground forbs
and grasses, and the soil profile.

Figure 8-39. Photographs of site 40190_3, showing the low forbs and scattered immature red
gums, and the soil profile.
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Figure 8-40. Photographs of site 40190 4, showing the open, young Red Gum forest with 90%
ground cover (mostly litter), from which the sample was taken, and the soil profile.

8.3.3. Laboratory data assessment

Soil pH testing (pHw, PHerox, PHkci, PHiNcusATION)

The pH data is provided in Table 8-14 and profiles for all the sites sampled are presented in
Figure 8-41. The pHy values ranged between 3.82 and 5.72. Sulfuric materials (i.e. pHw <
4) were present at two of the four sites examined (sites 40190 _1 and 40190 _2). The pHrox
values ranged between 2.82 and 4.71. The pHgox results indicate that 15 of 21 surface soils
examined may have the potential to acidify to pH < 4 as a result of sulfide oxidation.
However, the Scr data shows this wetland contained no detectable sulfide (i.e. Scgr < 0.01%
S). One of the soil materials at site 40190 _1 (10-20 cm) acidified to pH < 4 after at least 8
weeks of incubation. Other acidic soil materials were identified at all 4 sites, indicating
acidity in the soil profile at levels where aluminium may mobilise.

Acid-base accounting
The acid-base accounting data is provided in Table 8-14 and summarised in Figure 8-42.

Chromium reducible sulfur

Sulfidic soil materials (i.e. Scg = 0.01% S) were not found within this wetland.
Acid volatile sulfide

Monosulfidic soil materials (i.e. Say = 0.01% S) were not found within this wetland.
Acid neutralising capacity

The acid neutralising capacity (ANC) was zero for all soil materials.

Titratable actual acidity

The titratable actual acidity (TAA) ranged between 12 and 74 mole H'/tonne, with the
majority of soil layers having a TAA < 40 mole H*/tonne. An increase in the TAA with depth
was often observed.

Retained acidity

Retained acidity was only analysed at sites 40190_1 (20-90 cm) and 40190 _2 (5-40 cm), as
all other samples had a pHkc > 4.5 and therefore no retained acidity. A positive retained
acidity of 5 mole H*/tonne was only measured in one of the sulfuric soil materials at site
40190 (i.e. 20-40 cm).
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Site ID 40190_1 Site ID 40190_2
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Figure 8-41. Depth profiles of soil pH for Spencers Bend Billabong (40190 1 — 40190 _4),
showing soil pH (pHw as green line), peroxide treated pH (pHrox as red line) and ageing pH
(PHincubation after at least eight weeks as purple line). Critical pHy and pHincubation Value of 4
(green dashed line) and critical pHrox value of 2.5 (red dashed line).
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Net acidity

The net acidity for all layers was positive, ranging between 12 and 78 mole H*/tonne. Three
sulfuric soil materials had moderate net acidities ranging between 40 and 78 mole H*/tonne.

Water Soluble Sulfate

The water soluble sulfate in the surface soils (i.e. 0-5 cm) ranged between 114 and 2,220
mg/L. All of the surface soil layers examined had a soluble sulfate content exceeding the
100 mg/L trigger value for MBO formation potential.

Water Data

No water samples were collected for analysis.

40190_1 40190_1
0-5 0-5
5-10 5-10
10-20 10-20
20-40 20-40
40-90 40-90
40190_2 40190_2
0-5 0-5
—_
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o
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8 0-5 0-5
5 5-10 5-10
- .
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1al
62-90 W ANC 62-90 stAcidity
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Acidity (+ve value) or alkalinity (-ve value)
(moles H*/tonne)

Figure 8-42. Acid-base accounting depth profiles for Spencers Bend Billabong (40190 1 —
40190 _4). Left side shows the components: titratable actual acidity (TAA - red bar), acid
generating potential (AGP as Scr -pink bar), acid neutralising capacity (ANC - blue bar),
retained acidity (RA - yellow bar), and right side shows net acidity.

8.3.4. Discussion

Acid sulfate soils occurred at two sites within Spencers Bend Billabong (i.e. sites 40190 1
(20-90cm) and 40190_2 (0-5 cm)). These two sites contained sulfuric soil materials, and the
remaining two sites contained other acidic soils. The three sulfuric materials had moderate
net acidities ranging between 40 and 78 mole H*/tonne.

No sulfidic materials were identified within this wetland. All four surficial soil materials

examined contained soluble sulfate in excess of the 100 mg/L trigger value for MBO
formation potential.
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Based on the priority ranking criteria adopted by the Scientific Reference Panel of the
Murray-Darling Basin Acid Sulfate Soil Risk Assessment Project, there were two high priority
sites based on the presence of sulfuric material, and four high priority ranking sites for Phase
2 detailed assessment based on MBO formation hazard.

The potential hazards at the wetland-scale posed by the acid sulfate soil materials at
Spencers Bend Billabong are:

e Acidification hazard: The data indicate that with the presence of some sulfuric soil
materials with moderate net acidities the degree of acidification hazard is moderate.

e Deoxygenation hazard: The soluble sulfate contents of surface soil materials at all
four sites were over the trigger value for MBO formation indicating the possible
development of an appreciable deoxygenation hazard at those locations after
prolonged wet conditions.

e Metal mobilisation: The moderate acidification hazard indicates that soil acidification
may increase the solubility of metals. The potential for MBO formation identified in
this wetland may also result in an appreciable metal release hazard depending on
factors such as the potential for MBO formation and the metal loading in this wetland.
Soil acidity may be sufficient for mobilisation of aluminium at all sites.

Summary of key findings for the Spencers Bend Billabong:

Soil materials:

Sulfuric materials observed at 2 sites. No sulfidic materials identified.

Other acidic soil materials observed at the other 2 sites. Low to

moderate net acidities dominant within wetland.

Acid sulfate soil
identification:

Sulfuric cracking clay and sulfuric soils were identified.
Hydrosols were observed at the remaining sites.

Hazard
assessment

Acidification hazard - moderate level of concern
Deoxygenation hazard - high level of concern
Metal mobilisation hazard — high level of concern
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Table 8-14. Laboratory analytical data for acid sulfate soil assessment of Spencers Bend Billabong (Wetland ID 40190).
(red printed values indicates data results of potential concern)

Site Titratable ~ Chromium . Acid Acid
and RD:r?;Z Soil pH pH_ ) pH ) (riglfs%i/ pH Ac_tu_al Reducible R:é?é?gd Neutrali$ing Net Acid+ity VoIa_tiIe Aci_d Sulfate; _Soil'
Layer (cm) Texture water peroxide incubation kg) KCI ACIdIt¥ Sulfur (mole H'ft) Capacity (mole H'/t) Sulfide Material Classification
ID. (mole H'/t) (%Scr) (%CaCOg) (%Sav)
11 0-5 medium 5.72 4.36 4.82 2220 541 18.54 <0.01 0.00 0.00 18.54 <0.01 other acidic
1.2 5-10 fine 4.78 3.28 4.98 5.00 20.74 <0.01 0.00 0.00 20.74 <0.01 other acidic
13 10-20 fine 4.79 3.42 3.67 4.76 31.40 <0.01 0.00 0.00 31.40 <0.01 other acidic
14 20-40 fine 3.82 3.08 3.43 4.24 72.54 <0.01 5.00 0.00 77.54 <0.01 sulfuric
15 40-90 fine 3.90 2.82 3.98 4.17 73.57 <0.01 0.00 0.00 73.57 <0.01 sulfuric
21 0-5 fine 3.85 3.34 4.11 242 4.61 39.72 <0.01 0.00 0.00 39.72 <0.01 sulfuric
2.2 5-10 fine 4.36 3.72 4.22 4.33 42.12 <0.01 0.00 0.00 42.12 <0.01 other acidic
2.3 10-20 fine 4.61 3.67 431 4.36 37.69 <0.01 0.00 0.00 37.69 <0.01 other acidic
2.4 20-40 fine 4.71 4.34 4.46 4.43 30.47 <0.01 0.00 0.00 30.47 <0.01 other acidic
25 40-90 fine 4.97 4.50 4.70 4.67 17.64 <0.01 0.00 0.00 17.64 <0.01 other acidic
3.1 0-5 fine 4.55 3.50 4.50 114 4.97 12.84 <0.01 0.00 0.00 12.84 <0.01 other acidic
3.2 5-10 fine 4.87 3.78 4.62 4.74 11.80 <0.01 0.00 0.00 11.80 <0.01 other acidic
3.3 10-20 fine 4.75 3.97 4.69 4.66 20.36 <0.01 0.00 0.00 20.36 <0.01 other acidic
34 20-40 fine 4.99 4,57 4.92 4381 14.25 <0.01 0.00 0.00 14.25 <0.01 other acidic
35 40-70 fine 5.06 4.71 4.88 4.82 16.80 <0.01 0.00 0.00 16.80 <0.01 other acidic
4.1 0-5 fine 4.89 3.73 4.69 189 4.93 19.96 <0.01 0.00 0.00 19.96 <0.01 other acidic
4.2 5-10 fine 4.83 3.58 4.59 4.62 25.58 <0.01 0.00 0.00 25.58 <0.01 other acidic
43 10-20 fine 4.72 3.90 4.37 4.66 23.28 <0.01 0.00 0.00 23.28 <0.01 other acidic
4.4 20-40 fine 4.99 3.65 4.28 4.60 26.20 <0.01 0.00 0.00 26.20 <0.01 other acidic
4.5 40-62 fine 4.82 3.93 4.47 4.64 22.55 <0.01 0.00 0.00 22.55 <0.01 other acidic
4.6 62-90 fine 4.73 4.48 4.75 4.68 23.32 <0.01 0.00 0.00 23.32 <0.01 other acidic
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Table 8-15. Site description data for acid sulfate soil assessment of Spencers Bend Billabong (Wetland ID 40190).

Depth to
Site b Surface Earth Cover . . . . . I
Water Table N ] Location Notes Rationale for site selection ASS Soil Classification Comments
No. Condition (Vegetation)
(cm)
Beyond Central section of billabong. Deepest
1 sampling Dry Bare hole in most recently inundated but now Lowest point in the wetland. Sulfuric
depth dry pond.
Beyond Moderate ’ ;
2 sampling Dry Forbs & Leaf Southern sectlon:f b|IITbong. Centre of Elevated site. Sulfuric
i channel.
depth Litter
Beyond Moderate Central section of billabong. Edge of
3 sampling Dry Forbs & Leaf most recently inundated but now dry Moderately elevated site. Other acidic
depth Litter pond.
Beyond Dense Northern section of billabong. Forested
4 samplin Dry ; ' Elevated and vegetated site. Other acidic
degth g Leatf litter section of channel.
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Table 8-16. Profile description data for acid sulfate soil assessment of Spencers Bend Billabong (Wetland 1D 40190).
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1.1 0-5 2.5Y 4/1 ZLC D 0 n/a n/a PO S 491
1.2 5-10 2.5Y 4/1 ZMC D 4 M 10YR 5/8 PO S 4.49 Vesicles.
1.3 10-20 2.5Y 4/1 MC T 4 M 10YR 5/8 AB S 4.11 Vesicles.
1.4 20-40 2.5Y 4/1 MC T 4 M 10YR 5/8 AB S 3.80 Vesicles.
1.5 40-90 2.5Y 4/1 ZLMC T 4 M 7.5Y 5/8 GR S 3.68
2.1 0-5 5Y 5/2 ZLMC D 2 M 2.5Y 6/6 SB S 4.70
2.2 5-10 2.5Y 5/2 ZMC D 2 M 2.5Y 6/6 SB S 4.66
2.3 10-20 2.5Y 5/3 ZMHC T 3 M 10YR 5/8 SB S 4.74
2.4 20-40 2.5Y 5/1 ZHC T 3 M 10YR 5/8 SB S 4.82
2.5 40-90 2.5Y 4/1 ZHC T 1 M 10YR 5/8 SB S 5.09
3.1 0-5 2.5Y 4/2 ZLMC M 1 M 10YR 5/6 SB S 4.96
3.2 5-10 2.5Y 4/2 LMC M 2 M 10YR 5/6 SB S 4.89
3.3 10-20 | 2.5YR5/1 MC D 3 M 10YR 4/4 SB S 4.92
3.4 20-40 | 2.5YR5/1 MHC D 3 M 10YR 4/4 SB S 4.84
3.5 40-70 | 2.5YR 5/2 MHC T 3 M 10YR 4/4 SB S 5.03 Auger refusal at 70cm. Secondary mottle 10YR 2.5/1.
4.1 0-5 2.5Y 4/1 LMC T 0 n/a n/a SB S 4.86
4.2 5-10 2.5Y 4/1 LMC T 1 M 7.5YR 5/6 SB S 4.74
4.3 10-20 2.5Y 4/1 MHC T 4 M 7.5YR 5/6 SB S 4.96
4.4 20-40 2.5Y 5/2 MHC T 3 M 5YR 4/6 SB S 4.85 Inclusions of sandy clay, light coloured peds.
4.5 40-62 2.5Y 6/1 MHC T 2 M 5YR 4/6 SB S 4.54 Inclusions of sandy clay, light coloured peds.
4.6 62-90 5Y 4/2 MHC T 4 M 10Y 4/6 SB S 4.97 Secondary mottle 10Y 6/6.
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8.4. Brickworks Lagoon (Wetland ID 40864)

8.4.1. Location and setting description

Brickworks Lagoon is situated approximately 12.5 km west-northwest of Mildura. The
wetland is a 24 hectare ox-bow lake measuring approximately 1.7 km in length and 180 m at
its widest point. The wetland is situated south of the River Murray, on the floodplain. A
prominent, well vegetated red sand hill forms a boundary on the southern and western
margins of the wetland, beyond which lay agricultural land. A zone of woodland immediately
borders the inside margin of the wetland, and further agricultural land is contained within the
ox-bow of the wetland. Apart from a small pool apparently created by a bogged vehicle, there
was no surface water in the wetland at the time of sampling. Salt efflorescences were visible
on the surface of the wetland.

Figure 8-43. Brickworks Lagoon and sample site locations.

8.4.2. Soil profile description and distribution

Four sites were described and sampled. The soil subtype and general location description of
each site are presented in Table 8-17. Sites were distributed throughout the wetland based
on different surface features and locations in the wetland, and a transect approach was not
used.

The four sampled sites were chosen to represent different moisture characteristics of the
wetland, and were situated in deep to shallow sections of the channel. The profiles 40864_1
(Figure 8-45), 40864 2 (Figure 8-46) and 40864 _3 (Figure 8-47) were situated in bare, salt-
encrusted clay. The profile 40864 _4 (Figure 8-48) was situated in a zone vegetated by low,
succulent shrubs on raised mounds. Additional site and profile description data are
presented in Tables 8-21 and 8-22, respectively.
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Table 8-17. Soil identification, subtype and general location description for Brickworks Lagoon.

: Easting  Northing  Acid sulfate soil locati -
Site ID UTM UTM subtype class General location description

Zone 54H Zone 54H

40864 1 595646 6221587 Hypersulfidic Soil Central section, middle of channel.

Hypersulfidic

40864_2 595742 6221480 Cracking Clay Soil

Central section, middle of channel.

40864 3 596078 6221428 Hypersulfidic Soil Southern section, middle of channel.

Eastern end of billabong. Dryland tip of
channel. Site slightly outside the
wetland boundary, but representative of
this region of the wetland.

40864 4 596094 6221657 Cracking Clay Sail

Figure 8-44. Conceptual cross section diagram showing the toposequence relationship of the
Brickworks Lagoon sediments/soil materials throughout the wetland.
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Figure 8-45. Photographs of site 40864 _1, showing the bare clay from which the sample was
taken, and the soil profile.

Figure 8-46. Photographs of site 40864_2, showing the bare, cracking clay surface, and the sail
profile.

Figure 8-47. Photographs of site 40864 _3, showing the bare, cracking clay surface, and the saoil
profile.
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Figure 8-48. Photographs of site 40864 _4, showing the cracking clay surface with low
succulent shrubs, and the soil profile.

8.4.3. Laboratory data assessment

Soil pH testing (pHw, PHerox, PHkel, PHiNcuBATION)

The pH data is provided in Table 8-18 and profiles for all the sites sampled are presented in
Figure 8-49. The pHy values ranged between 5.48 and 7.33. Sulfuric materials (i.e. pHw <
4) were not present. The pHrox values ranged between 4.95 and 7.77. The pHgox results
indicate that none of the surface soils may have the potential to acidify to pH < 4 as a result
of sulfide oxidation. Only one of the sulfidic soil materials (i.e. Scgr =2 0.01% S) acidified to pH
< 4 after at least 8 weeks of incubation (site 40864 3 (16.5-20 cm)) despite five sulfidic soils
having positive net acidities. Other acidic soil materials were identified at one of the four
sites examined, indicating acidity in the soil profile at levels where aluminium may mobilise.

Acid-base accounting
The acid-base accounting data is provided in Table 8-18 and summarised in Figure 8-50.

Chromium reducible sulfur

Chromium reducible sulfur (Scr) values ranged between < 0.01 and 2.19% S. Sulfidic soil
materials (i.e. Scg = 0.01% S) were identified at three sites (sites 40864_1 — 40864 _3), with
14 materials of the 24 samples collected equal to or greater than the sulfidic criterion.

Acid volatile sulfide

The acid volatile sulfide (Say) values ranged between < 0.01 and 0.40% S. Monosulfidic soil
materials (i.e. Say = 0.01% S) were found at three sites (sites 40864 _1 - 40864 _3), with eight
materials of the 24 samples collected equal to or greater than the monosulfidic criterion.

Acid neutralising capacity
The acid neutralising capacity (ANC) ranged between zero and 7.7% CaCOs.
Titratable actual acidity

The titratable actual acidity (TAA) ranged between zero and 5.5 mole H*/tonne, with the
majority of soil layers having a no TAA.

Retained acidity
There was no retained acidity at any of the sites in this wetland.
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Figure 8-49. Depth profiles of soil pH for Brickworks Lagoon (40864 1 — 40864 _4), showing soil
pH (pHw as green line), peroxide treated pH (pHrox as red line) and ageing pH (PHincubation after
at least eight weeks as purple line). Critical pHy and pHincubation Value of 4 (green dashed line)

and critical pHrox value of 2.5 (red dashed line).
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Net acidity

Net acidity ranged between -886 and 1,235 mole H/tonne.

The five hypersulfidic soil

materials had moderate to high net acidities ranging between 22 and 1,235 mole H*/tonne.

Water Soluble Sulfate

The water soluble sulfate in the surface soils (i.e. 0-5 cm) ranged between 5,715 and 33,300
mg/L. All of the surface soil layers examined had a soluble sulfate content exceeding the

100 mg/L trigger value for MBO formation potential.

Water Data

No surface water samples were collected for analysis. The groundwater data measured in
the field and in the laboratory are presented in Tables 8-19 and 8-20, respectively. The field
pH of the groundwater ranged between 5.1 and 6.4, indicating that the groundwater may
have been affected by acidification. The groundwater had high sulfate concentrations of

between 6,627 and 8,436 mg/L.

40864_1 40864_1
0-1 0-1
1-8 1-8
8-12.5 8-125
12.5-20 12.5-20
20-40 20-40
40-90 40-90
40864_2 40864_2
n 0-5 0-5
S 5-10 5-10
s 10-15 10-15
o 15-20 15-20
a 20-40 20-40
5 40-90 40-90
= 40864_3 40864_3
_;' 0-35 0-35
< 35-10 35-10
5 10-125 10-125
o  125-165 12.5-165
:E, 16.5-20 16.5-20
2 20-40 20-40
9 40-90 40-90
7} 40864_4 B TAA 40864_4
0-5 O RA 0-5
5-10 B S 5-10 .
10-20 | ANC 10-20
20-40 . . = . 20-40 :
-3000 -2000 -1000 0 1000 2000 -3000 -2000

Acidity (+ve value) or alkalinity (-ve value)

(moles H*/tonne)

2000

Figure 8-50. Acid-base accounting depth profiles for Brickworks Lagoon (40864 _1 — 40864 _4).
Left side shows the components: titratable actual acidity (TAA - red bar), acid generating
potential (AGP as Scr -pink bar), acid neutralising capacity (ANC - blue bar), retained acidity

(RA - yellow bar), and right side shows net acidity.
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8.4.4. Discussion

Acid sulfate soils occurred at three of four sites examined in the Brickworks Lagoon wetland
(i.e. sites 40864_1 — 40864 _3). Site 40864_4 was observed to contain other soil materials.
Sulfuric materials were not observed. The reduced inorganic sulfur content was often high at
the three sites where sulfides were observed (i.e. Scg. was up to 2.19% S). Hypersulfidic soil
materials (with moderate to high net acidities) were present in the three sulfidic soil profiles
(each profile also contained hyposulfidic materials). Monosulfidic soil materials were
observed in the surface layers at three of the sampling sites (i.e. sites 40864 _1 - 40864 _3),
with Say contents of up to 0.40% S. These results indicate that acidity would be produced
upon oxidation of sulfides in some of these materials. The surficial soil materials at all four
sites contained soluble sulfate in excess of the 100 mg/L trigger value for MBO formation
potential.

Based on the priority ranking criteria adopted by the Scientific Reference Panel of the
Murray-Darling Basin Acid Sulfate Soil Risk Assessment Project, there were three high
priority sites based on hypersulfidic material, and two high priority sites based on
monosulfidic material. In addition, all four sampling sites had a high priority ranking for
Phase 2 detailed assessment based on MBO formation hazard.

The potential hazards at the wetland-scale posed by acid sulfate soil materials at the
Brickworks Lagoon wetland are:

e Acidification hazard: While low net acidities were dominant in this wetland, four
hypersulfidic materials had high net acidities (i.e. 17% of layers), indicating that the
overall degree of acidification hazard is high.

e Deoxygenation hazard: High monosulfide concentrations (Say < 0.40% S) in surface
soils at three sites represent a high deoxygenation hazard. In addition, the soluble
sulfate content of surface soil materials at all four sites were over the trigger value for
MBO formation indicating the possible development of an appreciable deoxygenation
hazard at those locations after prolonged wet conditions.

¢ Metal mobilisation: The high acidification hazard indicates that soil acidification may
increase the solubility of metals. The presence of monosulfidic materials in some
surface soils and the potential for MBO formation identified in this wetland may also
result in an appreciable metal release hazard. This would depend on factors such as
the potential for MBO formation and the metal loading in this wetland. Soil acidity
may be sufficient for mobilisation of aluminium.

Summary of key findings for the Brickworks Lagoon:

Soil materials: Sulfuric materials were not observed. Sulfidic soil materials identified
included: hypersulfidic (3 sites), monosulfidic (2 sites), hyposulfidic =
0.10% S (2 sites) and hyposulfidic < 0.10% S (2 sites). Other soil
materials observed at 1 site. Low net acidities dominant within
wetland. High net acidities in 4 hypersulfidic materials.

Acid sulfate soil e Hypersulfidic and hypersulfidic cracking clay soils identified.
identification: e Cracking clay soil identified at 1 site.
Hazard ¢ Acidification hazard - high level of concern
assessment e Deoxygenation hazard - high level of concern
e Metal mobilisation hazard — high level of concern
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Table 8-18. Laboratory analytical data for acid sulfate soil assessment of Brickworks Lagoon (Wetland ID 40864).
(red printed values indicates data results of potential concern)

2:3 g epth Soil pH pH pH Sulfate pH ngjgle C:Rre‘iioun(zilglnej Retglr_led Neuﬁ'c;ll?sing Ne'_[ Vg(;'tcijle Acid Sulfate Soil Material
Layer ange Texture  water eroxide incubation (mg SO/ KCI Acidi Sulfur AC'dmf Capaci Amdlty Sulfide Classification
y (cm) P kg) ty (mole H't) PaCItY  (mole H'At)
ID. (mole H'/t) (%Scr) (%CaCOs3) (%Sav)
1.1 0-1 7.14 7.00 6.94 23850 9.04 0.00 0.06 0.00 6.93 -886.30 0.02 hypomonosulfidic (< 0.10)
1.2 1-8 7.29 6.93 6.73 8.68 0.00 0.79 0.00 7.70 -532.17 0.40 hypomonosulfidic (= 0.10)
1.3 8-12.5 7.33 7.77 7.32 9.24 0.00 <0.01 0.00 4.20 -559.42 <0.01 other soil materials
1.4 12.5-20 6.72 6.49 6.58 8.23 0.00 1.21 0.00 3.88 239.52 <0.01 hypersulfidic”
15 20-40 fine 6.54 6.78 5.69 7.46 0.00 0.59 0.00 0.83 258.77 <0.01 hypersulfidic”
1.6 40-90 fine 6.40 6.72 6.05 7.04 0.00 <0.01 0.00 0.68 -90.03 <0.01 other soil materials
2.1 0-5 7.04 6.90 6.69 33300 8.45 0.00 0.19 0.00 4.97 -540.55 0.09 hypomonosulfidic (= 0.10)
2.2 5-10 7.25 7.00 6.74 8.59 0.00 0.51 0.00 8.09 -761.01 0.25 hypomonosulfidic (= 0.10)
2.3 10-15 6.87 6.84 6.85 7.02 0.00 0.52 0.00 6.63 -561.19 0.06 hypomonosulfidic (= 0.10)
2.4 15-20 6.99 6.98 6.69 8.50 0.00 1.83 0.00 12.20 -481.34 0.02 hypomonosulfidic (= 0.10)
2.5 20-40 6.96 7.63 6.84 7.78 0.00 0.28 0.00 1.15 22.12 <0.01 hypersulfidic#
2.6 40-90 fine 6.59 6.57 6.71 7.76 0.00 0.17 0.00 0.96 -24.27 <0.01 hyposulfidic (= 0.10)
3.1 0-3.5 fine 6.66 6.58 6.67 22350 8.63 0.00 <0.01 0.00 4.20 -559.51 <0.01 other soil materials
3.2 3.5-10 6.75 7.24 6.67 8.42 0.00 0.46 0.00 6.45 -771.15 0.31 hypomonosulfidic (= 0.10)
3.3 10-12.5 6.73 7.14 6.88 8.49 0.00 0.03 0.00 3.07 -390.77 <0.01 hyposulfidic (< 0.10)
3.4 12-5-16.5 6.62 6.99 6.68 8.38 0.00 1.85 0.00 3.83 621.98 0.04 hypermonosulfidic”
3.5 16.5-20 6.41 5.55 3.42 7.59 0.00 2.19 0.00 0.98 1234.63 <0.01 hypersulfidic
3.6 20-40 fine 5.90 4.95 5.27 6.24 3.34 <0.01 0.00 0.00 3.34 <0.01 other acidic
3.7 40-90 fine 5.48 5.55 5.76 6.00 5.48 <0.01 0.00 0.00 5.48 <0.01 other acidic
4.1 0-5 fine 6.69 7.26 6.72 5715 7.37 0.00 <0.01 0.00 0.94 -125.65 <0.01 other soil materials
4.2 5-10 fine 6.85 7.54 6.82 7.20 0.00 <0.01 0.00 0.84 -111.99 <0.01 other soil materials
4.3 10-20 fine 7.00 7.20 6.91 7.10 0.00 <0.01 0.00 0.78 -104.55 <0.01 other soil materials
4.4 20-40 fine 6.69 7.19 6.85 7.00 0.00 <0.01 0.00 0.81 -108.00 <0.01 other soil materials
4.5 40-90 fine 7.00 7.32 7.14 7.21 0.00 <0.01 0.00 0.86 -114.75 <0.01 other soil materials

* Classified as hypersulfidic/hypermonosulfidic based on positive net acidity.
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Table 8-19. Field hydrochemistry data for acid sulfate soil assessment of Brickworks Lagoon (Wetland ID 40864).

Specific Electrical Dissolved  Dissolved Redox L
. Temperature i . Turbidity HCO;
Site and Layer ID. Conductivity Oxygen Oxygen pH ORP potential Comment
(Deg C) (NTU) (mg/L)
(uS/em) (%) (mg/L) (mV))
Lowland River* 125-2200 85-110 6.5-8.0 6-50
Freshwater Lakes* 20-30 90-110 6.5-8.0 1-20
40864_1 (PW) 25.7 22200 4.56 5.05 157 n.a. 110 Turbidity not measured
40864_2 (PW) 29.6 170900 1.57 6.39 4 n.a. 285 Turbidity not measured
40864_3 (PW) 29.6 200000 3.73 5.17 221 n.a. 70 Turbidity not measured

* ANZECC water quality guidelines for lowland rivers and freshwater lakes/reservoirs in South-east Australia are provided for relevant parameters (there are currently no trigger values defined for ‘Wetlands’)

(ANZECC/ARMCANZ, 2000). Surface water values outside the ranges defined in the ANZECC guidelines are indicated with red text. (SW) and (PW) indicate whether the sample was taken from surface
water or pore-water, respectively.
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Table 8-20. Laboratory hydrochemistry data for acid sulfate soil assessment of Brickworks
Lagoon (Wetland ID 40864).

Parameter units ANZECC Site 1 Site 2 Site 3
Guidelines (PW) (PW) (PW)
depth cm
Na mg I'* 49,811 42,441 38,126
K mg I'* 270 278 274
Ca mg I 2,404 1,488 2,030
Mg mg I 8,952 6,272 6,302
Si mg I'* 12.3 12.0 11.9
Br mg I'* 281.63 249.21 263.72
cl mg I 82,110 73,803 79,838
NOs mg I'* 0.7 0.134 0.144 0.037
NH,-N mg I 0.01 17.704 8.568 7.558
PO,-PF mg I'* 0.005 <0.005 0.028 0.036
SO0, mg I'* 8,436 8,421 6,627
Ag pg I 0.05 <1 <1 1
AR pg I 55 9 <1 23
As® ug I* 13 <10 <10 107
cd pg It 0.2 2 1 5
Co pg It 2.8 203 11 350
cr¢ pg I* 1 <5 <5 <5
cu” pg I 1.4 <5 <5 49
Fe ug It 300 32,376 4,034 2,428
Mn pg It 1700 53,365 13,878 44,781
Nif pg It 11 176 <5 294
Pb" pg It 3.4 28 2 445
Se pg It 11 n/a n/a n/a
zn" pg I 8 192 7 220
DOC mg I'* n/a n/a n/a
Notes.

The ANZECC guideline values for toxicants refer to the Ecosystem Protection — Freshwater Guideline for protection of 95% of
biota in ‘slightly-moderately disturbed’ systems, as outlined in the Australian Water Quality Guidelines for Fresh and Marine
Water Quality (ANZECC/ARMCANZ, 2000). For the nutrients NH, and POa, guideline values are provided for Freshwater Lakes
and Reservoirs. Surface water values outside the ranges defined in the ANZECC guidelines are indicated with red text. (SW)
and (PW) indicate whether the sample was taken from surface water or pit-water (groundwater that entered an excavated pit),
respectively.

AGuideline is for Aluminium in freshwater where pH > 6.5.

8 Guideline assumes As in solution as Arsenic (AsV).

cGuideline is for Chromium is applicable to Chromium (CrVI) only.
e Guideline is for filterable reactive phosphorous (FRP).
nHardness affected (refer to Guidelines).
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Table 8-21. Site description data for acid sulfate soil assessment of Brickworks Lagoon (Wetland ID 40864).

Depth to
Site b Surface Earth Cover . . . . . e
Water Table N ] Location Notes Rationale for site selection ASS Soil Classification Comments
No. Condition (Vegetation)
(cm)
Bare, light salt, Central i fI Centre of
] dense cover of entral section of lagoon. Centre o ) o

1 40 Moist dead algal channel. Moderately elevated site. Hypersulfidic

mats

Bare, salt, . s
Central section of lagoon. Centre of Lowest point in wetland,
. dense cover of . -
2 20 Moist h I adjacent to only surface water Hypersulfidic
dead algal channel. ; .
present at time of sampling.
mats
Southern section of lagoon. Centre of
3 35 Moist Bare, salt channel. Moderately elevated site. Hypersulfidic Tyre tracks around site.
Beyond Sparse Eastern end of lagoon. Dryland terrace
4 sampling Dry succulent adjacent to channel. Most elevated site. Other
depth shrubs
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Table 8-22. Profile description data for acid sulfate soil assessment of Brickworks Lagoon (Wetland ID 40864).
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© N o 2 % |8 g o o 3 © 3} = =
2 5 E % 5 |33 38 23 = = T 9%
@ T @ e S [eqx < S) & & S O & E
1.1 0-1 2.5Y 5/1 n/a M PL W 6.84 Coarse salt crystals.
1.2 1-8 2.5Y 4/2 n/a M 4 M 2.5Y 2.5/1 SB S 6.87 Too wet to texture. Secondary mottle 2.5Y 5/6.
1.3 8-12.5 2.5Y 4/4 n/a W SB W 7.39 Coarse salt crystals.
1.4 12.5-20 2.5Y 2.5/1 n/a W n/a \ 6.46 Too wet to texture. Salt bands.
15 20-40 2.5Y 4/1 HC W SB S 6.00 Vesicles present.
1.6 40-90 2.5Y 4/1 HC W SB S 5.17
2.1 0-5 GLEY 1 2.5/N n/a W 3 M n/a \% 7.01 Too wet to texture. Black gel.
2.2 5-10 5Y 2.5/1 n/a W n/a \ 7.00 Too wet to texture.
Too wet to texture. Banded layer comprising 0.5cm of grey, fine
23 10-15 n/a W 2 M n/a W 6.84
sand. 1.2 cm of black gel, 2cm of salt.
2.4 15-20 5Y 2.5/1 n/a W n/a 6.35 Too wet to texture. Grey gel.
2.5 20-40 5Y 4/1 n/a W SB S 6.47 Too wet to texture.
2.6 40-90 5Y 4/1 HC W SB S 6.40
3.1 0-3.5 5Y 5/1 LMC M 4 M GLEY 1 2.5/N PL S 5.91
3.2 3.5-10 GLEY 1 2.5/N n/a W n/a 6.46 Too wet to texture.
3.3 10-12.5 5Y 4/4 n/a M 4 M 10YR 4/6 SB S 6.69 Coarse salt crystals.
3.4 12-5-16.5 5Y 2.5/1 n/a M n/a SB S 6.36 Too wet to texture. Grey gel.
3.5 16.5-20 5Y 4/4 n/a M M 10YR 4/6 6.35 Coarse salt crystals.
3.6 20-40 5YR 4/1 MHC M M 5YR 4/6 SB S 5.25
3.7 40-90 5YR 4/1 HC W M 5YR 4/6 SB S 5.45 Orange mottle ends at 52.5cm.
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Table 8-22 (continued). Profile description data for acid sulfate soil assessment of Brickworks Lagoon (Wetland ID 40864).
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4.1 0-5 5Y 6/1 FSMHC D 1 M n/a SB M 5.85 Salt present.
4.2 5-10 5Y 4/1 HC T 1 M 5Y 2.5/1 SB S 6.98 Salt present.
4.3 10-20 5Y 4/1 HC T 1 M 5Y 2.5/1 SB S 6.98
4.4 20-40 5Y 4/1 HC T 1 M 5Y 2.5/1 SB S 7.04 Nodules present.
4.5 40-90 5Y 4/1 HC T 1 M 5Y 2.5/1 SB S 6.89 Salt present; nodules present.
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8.5. Merbein Common-Catfish (Wetland ID 40805)

8.5.1. Location and setting description

Merbein Common-Catfish is an ox-bow lake situated approximately 10.7 km west-northwest
of Mildura on the southern side of the River Murray, on the floodplain. The wetland extends
for approximately 2.1 km in length and measures around 140 m in width at the widest point,
and the overall area is 21 hectares. Apart from a small pool apparently created by a bogged
vehicle, there was no surface water in the wetland at the time of sampling, and the bed of the
channel was heavily marked by vehicle tyre tracks. Sites were distributed along the length of
the wetland at different elevations and vegetation zones.

Figure 8-51. Merbein Common-Catfish Wetland and sample site locations.

8.5.2. Soil profile description and distribution

Eight sites were described and sampled. The soil subtype and general location description
of each site are presented in Table 8-23. Sites were distributed throughout the wetland
based on different surface features and locations in the wetland, and a transect approach
was not used.

The profile 40805 1 (Figure 8-53) was situated in cracking clay with visible salt
efflorescences, and featured low, succulent shrubs up to 1.5 m in diameter. The profile
40805_2 (Figure 8-54) was situated in bare, cracking, salt-encrusted clay heavily marked by
wheel tracks. The profile 40805 3 (Figure 8-55) was situated in bare, cracking, salt-
encrusted clay with a micro-relief of dips and mounds. The profile 40805 _4 (Figure 8-56) as
situated in a well vegetated area with forbs up to 60 cm in height with perennial ground cover
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in between. The profile 40805_5 (Figure 8-57) was situated in fine, cracking, soft clay without
any evident salt, with minimal coverage by low, succulent vegetation. The profile 40805_6
(Figure 8-58) was situated in a depositional area adjacent to the bank, with a predominantly
sandy surface. The profile 40805 7 (Figure 8-59) was situated in soft, cracking clay, which
was mostly bare apart from dead groundcovers. The profile 40805 8 (Figure 8-60) was
situated in the deepest part of the river end of the lake, with completely bare, cracking clays
and visible salt efflorescences. Additional site and profile description data are presented in

Tables 8-27 and 8-28, respectively.

Table 8-23. Soil identification, subtype and general location description for Merbein Common-
Catfish Wetland.

: Easting  Northing  Acid sulfate soil . L
Site ID UTM UTM subtype class General location description
Zone 54H Zone 54H
40805_1 597585 6221053 Hydrosol Most SW reach of billabong. Centre of
channel.
408052 597430 6221199  Hypersulfidic Soil "0 SWreach of Billabong. Centre of
channel.
40805 3 597374 6221512 Sulfuric Cracking Junction of two SW reaches. Centre of
- Clay channel.
40805_4 598315 6221531 Hydrosol Most eastern end of billabong. Near
edge of wooded zone.
408055 508103 6221697 Hydrosol Eastern end of billabong. In wooded
zone.
40805_6 598112 6221763 Sulfuric Soil Northern ba.nk of billabong. Depositional
area adjacent to dead reed beds.
40805_7 597817 6221818 Cracking Clay Soil Central section of billabong. In channel
along southern bank.
40805 8 597889 6221859  Cracking Clay Soil Northern margin of billabong. In

channel.
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Figure 8-52. Conceptual cross section diagram showing the toposequence relationship of the
Merbein Common-Catfish Wetland sediments/soil materials throughout the wetland.

Figure 8-53. Photographs of site 40805_1, showing the cracking clay surface interspersed by
low, spreading succulent shrubs, and the soil profile.
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Figure 8-54. Photographs of site 40805_2, showing the bare cracking clay surface, and the soil
profile.

Figure 8-55. Photographs of site 40805_3, showing the bare cracking clay surface, and the soil
profile.

Figure 8-56. Photographs of site 40805_4, showing the location of the site amongst low forbs
and groundcovers, and the soil profile.
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Figure 8-57. Photographs of site 40805_5, showing the soft, cracking clay surface with minimal
vegetation, and the soil profile.

Figure 8-58. Photographs of site 40805_6, showing the sandy, depositional area adjacent to the
bank, and the soil profile.

Figure 8-59. Photographs of site 40805_7, showing the dead, low vegetation amongst otherwise
bare clay, and the soil profile.
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Figure 8-60. Photographs of site 40805_8, showing the bare cracking clay surface from which
the sample was taken, and the soil profile. In the background is a pool formed by a bogged
vehicle (not sampled).

8.5.3. Laboratory data assessment

Soil pH testing (pHw, PHrox, PHkcl, PHincusaTION)

The pH data is provided in Table 8-24 and profiles for all the sites sampled are presented in
Figures 8-61 and 8-62. The pHy values ranged between 3.04 and 7.13. Sulfuric materials
(i.e. pHw < 4) were present at two of the eight sites examined (sites 40805_3 and 40805_6).
The pHrox values ranged between 1.91 and 6.15. The pHrox results indicate that 12 of the
40 soils layers examined may have the potential to acidify to pH < 4 as a result of sulfide
oxidation. However, the Scg data shows many of these layers contained no detectable
sulfide (i.e. Scr < 0.01% S). One soil material at site 40805_3 (0-5 cm) had a pHrox < 2.5,
although this soil material also contained no detectable sulfide. None of the sulfidic soil
materials (i.e. Scr = 0.01% S) acidified to pH < 4 after at least 8 weeks of incubation. Other
acidic soil materials were identified at seven of the eight sites examined, indicating acidity in
the soil profile at levels where aluminium may mobilise. Some of the other acidic soils
acidified to pH < 4 after at least 8 weeks of incubation.
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Figure 8-61. Depth profiles of soil pH for Merbein Common-Catfish Wetland (40805 1 —
40805_4), showing soil pH (pHy as green line), peroxide treated pH (pHrox as red line) and
ageing pH (pHincubation after at least eight weeks as purple line). Critical pHyw and pHincubation Value
of 4 (green dashed line) and critical pHrox value of 2.5 (red dashed line).
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Figure 8-62. Depth profiles of soil pH for Merbein Common-Catfish Wetland (40805 5 —
40805_8), showing soil pH (pHw as green line), peroxide treated pH (pHrox as red line) and
ageing pH (pHincubation after at least eight weeks as purple line). Critical pHy and pHincubation Value
of 4 (green dashed line) and critical pHrox value of 2.5 (red dashed line).
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Acid-base accounting

The acid-base accounting data is provided in Table 8-24 and summarised in Figures 8-63
and 8-64.

Chromium reducible sulfur

Chromium reducible sulfur (Scr) values ranged between < 0.01 and 0.03% S. Sulfidic soll
materials (i.e. Scr =2 0.01% S) were identified at two sampling sites (sites 40805_2 and
40805_3), with only 3 materials of the 40 samples collected equal to or greater than the
sulfidic criterion.

Acid volatile sulfide

Monosulfidic soil materials (i.e. Say = 0.01% S) were not found within this wetland.
Acid neutralising capacity

The acid neutralising capacity (ANC) was zero for all soil materials.

Titratable actual acidity

The titratable actual acidity (TAA) ranged between 3 and 85 mole H*/tonne, with the majority
of soil layers having a TAA < 40 mole H*/tonne. An increase in the TAA with depth was often
observed.

Retained acidity

Retained acidity was only analysed at sites 40805 3, 40805 4 and 40805 5, as all soil
materials at other sites had a pHkc > 4.5. The retained acidity was only positive in four soil
materials, ranging between 2 and 11 mole H*/tonne.

Net acidity

The net acidity was positive for all samples, ranging between 3 and 87 mole H*/tonne. The
three hypersulfidic soil materials had moderate net acidities ranging between 26 and 36 mole
H'/tonne. The three sulfuric soils also had moderate net acidities, ranging between 69 and
87 mole H*/tonne.

Water Soluble Sulfate

The water soluble sulfate in the surface soils (i.e. 0-5 cm) ranged between 366 and 18,900
mg/L. All of the surface soil layers examined had a soluble sulfate content exceeding the 100
mg/L trigger value for MBO formation potential.

Water Data

No surface water samples were collected for analysis. The groundwater data measured in
the field and in the laboratory are presented in Tables 8-25 and 8-26, respectively. The field
pH of the groundwater ranged between 4.6 and 5.8, indicating that the groundwater may
have been affected by acidification. The groundwater had sulfate concentrations of between
1,120 and 3,936 mg/L.
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Figure 8-63. Acid-base accounting depth profiles for Merbein Common-Catfish Wetland
(40805 _1 — 40805_4). Left side shows the components: titratable actual acidity (TAA - red bar),
acid generating potential (AGP as Scgr -pink bar), acid neutralising capacity (ANC - blue bar),
retained acidity (RA - yellow bar), and right side shows net acidity.
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Figure 8-64. Acid-base accounting depth profiles for Merbein Common-Catfish Wetland
(40805 _5 — 40805_8). Left side shows the components: titratable actual acidity (TAA - red bar),
acid generating potential (AGP as Scgr -pink bar), acid neutralising capacity (ANC - blue bar),
retained acidity (RA - yellow bar), and right side shows net acidity.
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8.5.4. Discussion

Acid sulfate soils occurred at two sites in the western area of the Merbein Common-Catfish
wetland (i.e. site 40805_2 and 40805_3) and in the surface layer (0-5 cm) at site 40805_6.
Sulfuric materials with low to moderate net acidities were observed at two sites (i.e. site
40805_3 and 40805_6). Hypersulfidic soil materials with moderate net acidities were present
in two soil profiles. The reduced inorganic sulfur content of the sulfidic soil materials was low
(i.e. Scr. = 0.03% S). These results indicate that minimal acidity would be produced upon
oxidation of sulfides in these materials. All surficial soil materials contained soluble sulfate in
excess of the 100 mg/L trigger value for MBO formation potential. Other acidic soil materials
were also observed at an additional five sites, and some of these materials acidified to pH <
4 after at least 8 weeks of incubation.

Based on the priority ranking criteria adopted by the Scientific Reference Panel of the
Murray-Darling Basin Acid Sulfate Soil Risk Assessment Project, there were two high priority
sites based on the presence of sulfuric material, and two high priority sites based on
hypersulfidic material. All eight sampling sites had a high priority ranking for Phase 2
detailed assessment based on MBO formation hazard.

The potential hazards at the wetland-scale posed by acid sulfate soil materials at the
Merbein Common-Catfish wetland are:

e Acidification hazard: The data indicate that with some sulfuric soil materials with
moderate net acidities, and sulfidic materials where the highest Scg was only 0.03%
S, that the degree of acidification hazard is moderate.

o Deoxygenation hazard: The soluble sulfate contents of surface soil materials at all
eight sites were over the trigger value for MBO formation indicating the possible
development of an appreciable deoxygenation hazard at those locations after
prolonged wet conditions.

e Metal mobilisation: The moderate acidification hazard indicates that soil acidification
may increase the solubility of metals. The potential for MBO formation identified in
this wetland may also result in an appreciable metal release hazard depending on
factors such as the potential for MBO formation and the metal loading in this wetland.
Soil acidity may be sufficient for mobilisation of aluminium at all sites.

Summary of key findings for the Merbein Common-Catfish Wetland:

Soil materials: Sulfuric materials were observed 2 sites. Sulfidic soil materials
identified included: hypersulfidic (2 sites). Other acidic soil materials
observed at an additional 5 sites. Low to moderate net acidities
dominant within wetland.

Acid sulfate soil e Sulfuric cracking clay, sulfuric and hypersulfidic soils identified.
identification: e Cracking clay soil and hydrosols also identified.

Hazard ¢ Acidification hazard - moderate level of concern

assessment o Deoxygenation hazard - high level of concern

e Metal mobilisation hazard — high level of concern
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Table 8-24. Laboratory analytical data for acid sulfate soil assessment of Merbein Common-Catfish Wetland (Wetland ID 40805).
(red printed values indicates data results of potential concern)

Site Titratable ~ Chromium . Acid Acid
and F?:E;Z Soil pH pH_ ) pH ) (iglfsaéi/ pH Ac_tu_al Reducible R:é?é?gd Neutrali_sing Net Acid+ity VoIa_tiIe Aci_d Sulfate; _Soil'

Layer (cm) Texture water peroxide incubation kg) KCI ACIdIt¥ Sulfur (mole H'ft) Capacity (mole H'/t) Sulfide Material Classification
ID. (mole H'/t) (%Scr) (%CaCOg) (%Sav)
1.1 0-5 medium 5.33 5.31 5.28 10290 6.20 3.87 <0.01 0.00 0.00 3.87 <0.01 other acidic
1.2 5-10 fine 4.99 4.00 4.55 5.54 8.40 <0.01 0.00 0.00 8.40 <0.01 other acidic
1.3 10-20 fine 4.55 3.44 4.14 4.88 15.66 <0.01 0.00 0.00 15.66 <0.01 other acidic
1.4 20-40 fine 4.20 3.52 4.04 4.56 26.29 <0.01 0.00 0.00 26.29 <0.01 other acidic
15 40-90 fine 4.43 3.76 4.30 4.81 19.39 <0.01 0.00 0.00 19.39 <0.01 other acidic
21 0-5 5.80 4.47 5.78 18900 6.21 3.84 <0.01 0.00 0.00 3.84 <0.01 other soil materials
2.2 5-10 fine 4.53 3.74 4.37 4.84 21.83 0.02 0.00 0.00 33.50 <0.01 hypersulfidic”
2.3 10-20 fine 4.27 3.32 3.95 4.77 21.41 <0.01 0.00 0.00 21.41 <0.01 other acidic
2.4 20-40 fine 7.06 6.02 5.72* 6.19 4.37 0.03 0.00 0.00 25.50 <0.01 hypersulfidic”
25 40-90 fine 7.13 6.15 5.83 6.26 3.65 <0.01 0.00 0.00 3.65 <0.01 other soil materials
3.1 0-5 3.04 1.91 2.68 5940 3.88 63.38 <0.01 6.00 0.00 69.38 <0.01 sulfuric
3.2 5-10 fine 3.20 3.00 2.81 3.83 76.43 <0.01 0.00 0.00 76.43 <0.01 sulfuric
3.3 10-20 fine 3.38 3.25 2.82 3.80 85.01 <0.01 2.00 0.00 87.01 <0.01 sulfuric
3.4 20-40 fine 5.29 3.38 4.10 5.19 16.44 0.03 0.00 0.00 35.95 <0.01 hypersulfidic”
35 40-90 fine 5.59 5.64 5.38 5.19 13.25 <0.01 0.00 0.00 13.25 <0.01 other soil materials
4.1 0-5 medium 5.07 4.40 4.52 366 5.25 16.19 <0.01 0.00 0.00 16.19 <0.01 other acidic
4.2 5-10 medium  4.85 3.38 4.24 5.20 19.44 <0.01 0.00 0.00 19.44 <0.01 other acidic
4.3 10-20 fine 4.94 3.39 4.47 4.80 17.49 <0.01 0.00 0.00 17.49 <0.01 other acidic
4.4 20-40 fine 4.66 3.21 3.93 4.41 42.56 <0.01 0.00 0.00 42.56 <0.01 other acidic
4.5 40-90 4.58 3.73 4.03 4.42 35.00 <0.01 0.00 0.00 35.00 <0.01 other acidic
5.1 0-5 5.12 3.21 4.55 7950 5.31 14.87 <0.01 0.00 0.00 14.87 <0.01 other acidic
5.2 5-10 fine 4.75 3.25 4.13 4.96 18.78 <0.01 0.00 0.00 18.78 <0.01 other acidic
5.3 10-20 fine 4.19 4.00 3.90 4.45 38.53 <0.01 11.00 0.00 49.53 <0.01 other acidic
5.4 20-40 fine 4.04 3.37 3.75 4.34 42.55 <0.01 11.00 0.00 53.55 <0.01 other acidic
55 40-90 fine 4.33 4.04 4.09 4.35 36.22 <0.01 0.00 0.00 36.22 <0.01 other acidic
6.1 0-5 coarse 3.87 2.59 4.33 8235 5.74 3.37 <0.01 0.00 0.00 3.37 <0.01 sulfuric
6.2 5-10 coarse 4.20 2.80 4.28 5.74 6.39 <0.01 0.00 0.00 6.39 <0.01 other acidic
6.3 10-20 fine 4.28 3.36 4.17 5.07 15.15 <0.01 0.00 0.00 15.15 <0.01 other acidic
6.4 20-40 fine 4.25 3.55 4.27 4.93 15.67 <0.01 0.00 0.00 15.67 <0.01 other acidic
6.5 40-90 medium  5.67 4.52 4.43* 5.67 2.87 <0.01 0.00 0.00 2.87 <0.01 other acidic

* Indicates that a stable pH has not yet been reached for this sample (after 16 weeks). * Classified as hypersulfidic based on positive net acidity.
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Table 8-24 (continued). Laboratory analytical data for acid sulfate soil assessment of Merbein Common-Catfish Wetland (Wetland ID 40805).
(red printed values indicates data results of potential concern)

Site Titratable ~ Chromium . Acid Acid
and F?:E;Z Soil pH pH_ ) pH ) (iglfsaéi/ pH Ac_tu_al Reducible R:é?é?gd Neutrali_sing Net Acid+ity VoIa_tiIe Aci_d Sulfate; _Soil'

Layer (cm) Texture water peroxide incubation kg) KCI ACIdIt¥ Sulfur (mole H'ft) Capacity (mole H'/t) Sulfide Material Classification
ID. (mole H'/t) (%Scr) (%CaCOg) (%Sav)
7.1 0-5 fine 5.75 4.06 4.98* 7035 6.02 5.13 <0.01 0.00 0.00 5.13 <0.01 other acidic
7.2 5-10 fine 4.36 3.81 4.21 4.91 24.50 <0.01 0.00 0.00 24.50 <0.01 other acidic
7.3 10-20 fine 4.22 3.84 3.94 4.54 31.86 <0.01 0.00 0.00 31.86 <0.01 other acidic
7.4 20-40 fine 4.09 3.54 3.85 4.56 52.99 <0.01 0.00 0.00 52.99 <0.01 other acidic
7.5 40-90 fine 4.51 3.51 3.91 4.59 29.71 <0.01 0.00 0.00 29.71 <0.01 other acidic
8.1 0-5 medium 4.77 3.55 4.32 11520 5.49 11.75 <0.01 0.00 0.00 11.75 <0.01 other acidic
8.2 5-10 medium  4.00 3.19 3.49 4.76 30.76 <0.01 0.00 0.00 30.76 <0.01 other acidic
8.3 10-20 medium  4.21 2.86 3.91 4.85 28.33 <0.01 0.00 0.00 28.33 <0.01 other acidic
8.4 20-40 fine 4.35 3.77 3.69 4.82 29.48 <0.01 0.00 0.00 29.48 <0.01 other acidic
8.5 40-90 fine 4.95 4.16 4.34 4.80 34.44 <0.01 0.00 0.00 34.44 <0.01 other acidic

* Indicates that a stable pH has not yet been reached for this sample (after 16 weeks).
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Table 8-25. Field hydrochemistry data for acid sulfate soil assessment of Merbein Common-Catfish Wetland (Wetland ID 40805).

Specific Electrical Dissolved  Dissolved Redox L
. Temperature i . Turbidity HCO;
Site and Layer ID. Conductivity Oxygen Oxygen pH ORP potential Comment
(Deg C) (NTU) (mg/L)
(uS/em) (%) (mg/L) (mV))
Lowland River* 125-2200 85-110 6.5-8.0 6-50
Freshwater Lakes* 20-30 90-110 6.5-8.0 1-20
40805_2 (PW) 26.2 36600 0.61 5.82 48 n.a. 75 Turbidity not measured
40805_3 (PW) 27.5 23750 1.21 4.57 36 n.a. 11 Turbidity not measured
40805_8 (PW) 24 17000 1.12 5.25 9 n.a. 150 Turbidity not measured

* ANZECC water quality guidelines for lowland rivers and freshwater lakes/reservoirs in South-east Australia are provided for relevant parameters (there are currently no trigger values defined for ‘Wetlands’)

(ANZECC/ARMCANZ, 2000). Surface water values outside the ranges defined in the ANZECC guidelines are indicated with red text. (SW) and (PW) indicate whether the sample was taken from surface
water or pore-water, respectively.
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Table 8-26. Laboratory hydrochemistry data for acid sulfate soil assessment of Merbein
Common-Catfish Wetland (Wetland ID 40805).

Parameter units ANZECC Site 2 Site 3 Site 8
Guidelines (PW) (PW) (PW)
depth cm
Na mg I'* 10,128 10,009 1,556
K mg I'* 31 66 26
Ca mg I'* 590 831 1,141
Mg mg I 1,416 1,468 636
Si mg I'* 23.1 23.8 26.8
Br mg I'* 41.37 30.22 13.78
cl mg I'* 12,617 9,352 4511
NO; mg I 0.7 0.335 0.041 0.095
NH,-N mg I 0.01 3.689 14.137 21.387
PO,-PF mg I'* 0.005 0.037 0.02 0.034
SO0, mg I'* 3,936 3,618 1,120
Ag pg I 0.05 <1 <1 <1
AR pg I 55 8 150 <1
As® ug I* 13 20 <10 <10
cd pg It 0.2 2 <1 1
Co g I* 2.8 121 277 382
cr¢ pg I* 1 <5 <5 <5
cu” pg I 1.4 9 <5 <5
Fe pg I 300 176,941 442,686 771,219
Mn g I* 1700 16,903 54,121 80,666
Nif pg It 11 93 251 275
Pb" pg It 3.4 1 2 <1
Se pg It 11 n/a n/a n/a
zn" pg I 8 89 51 114
DOC mg I'* n/a n/a n/a
Notes.

The ANZECC guideline values for toxicants refer to the Ecosystem Protection — Freshwater Guideline for protection of 95% of
biota in ‘slightly-moderately disturbed’ systems, as outlined in the Australian Water Quality Guidelines for Fresh and Marine
Water Quality (ANZECC/ARMCANZ, 2000). For the nutrients NH, and POa, guideline values are provided for Freshwater Lakes
and Reservoirs. Surface water values outside the ranges defined in the ANZECC guidelines are indicated with red text. (SW)
and (PW) indicate whether the sample was taken from surface water or pit-water (groundwater that entered an excavated pit),
respectively.

AGuideline is for Aluminium in freshwater where pH > 6.5.

8 Guideline assumes As in solution as Arsenic (AsV).

cGuideline is for Chromium is applicable to Chromium (CrVI) only.
e Guideline is for filterable reactive phosphorous (FRP).
nHardness affected (refer to Guidelines).
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Table 8-27. Site description data for acid sulfate soil assessment of Merbein Common-Catfish Wetland (Wetland ID 40805).

billabong.

Depth to
. P Surface Earth Cover ) Rationale for site . .
Site No. | Water Table . . Location Notes . ASS Soil Classification Comments
Condition (Vegetation) selection
(cm)
Beyond Most SW reach of billabon e withi
) Sparse succulent g. Elevated site within - )
1 s%n;g{wg Dry P shrubs. Centre of channel. channel. Other acidic Salt inflorescences.
Mid SW reach of Billabong. Moderatel ;
y elevated site -
2 55 Dry Bare. Centre of channel. within channel. Hypersulfidic
Junction of two SW reaches. Moderately elevated _
3 70 Dry Bare. Centre of channel. site, at junction of two Sulfuric
reaches.
4 Beyolr_1d D Dense groundcovers | Most eastern end of billabong. Most easterly point of oth idi
segggt'r?g i and perennials. Near edge of wooded zone. inundated area. eracidic
5 Bey"lf‘d B Sparse large Eastern end of billabong. In Elevated site in wooded oth idi
sampiing Y succulents. wooded zone. zone. eracidic
depth
Beyond Northern bank of billabong. Moist site near reed bed
6 sampling Moist Sparse leaf litter. Depositional area adjacent to zone of bank. Elevated Sulfuric
depth dead reeds. site.
; Bey"lf‘d B Sparse but dead Central section of billabong. In Zone of dead oth idi Slight mounding associated with
sa(ljrggtlr?g Y groundcovers. channel along southern bank. groundcover. eracidic groundcover.
Northern margin of billabong. In ;
8 42 Dry Bare. channel. Lowest point of Other acidic
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Table 8-28. Profile description data for acid sulfate soil assessment of Merbein Common-Catfish Wetland (Wetland 1D 40805).
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1.1 0-5 10YR 5/2 LC D 1 M 10YR 6/6 SB S 5.22 Salt.
1.2 5-10 10YR 5/3 MHC T 1 M 10YR 6/8 SB S 4.56 Salt.
1.3 10-20 10YR 5/3 MHC T 2 M 10YR 6/8 PL S 4.51
1.4 20-40 2.5YR 5/2 MC T 2 M 5YR 5/6 SB S 3.59
1.5 40-90 2.5YR 5/2 MC M 2 M 5YR 5/6 SB S 3.95
2.1 0-5 2.5Y 5/3 MC T 1 M 7.5YR 5/6 SB S 5.61 Salt.
2.2 5-10 2.5Y 4/2 MC T 3 M 2.5YR 4/8 SB S 4.15
2.3 10-20 2.5Y 4/2 MC T 3 M 2.5YR 4/8 SB S 4.03
2.4 20-40 5Y 4/1 HC M 1 M 2.5YR 4/8 SB S 5.50
2.5 40-90 5Y 4/1 HC M 1 M 2.5YR 4/8 SB S 6.34
3.1 0-5 2.5Y 5/3 LC T 1 M 5YR 5/8 SB S 2.53
3.2 5-10 2.5Y 4/2 MC T 2 M 5YR 5/8 SB S 2.84
3.3 10-20 5Y 4/1 MC T 3 M 5YR 5/8 SB S 2.85
3.4 20-40 5Y 4/1 MC M 2 M 2.5YR 3/6 SB S 3.76
3.5 40-90 5Y 5/1 MC M 1 M 10YR 5/8 SB S 5.49
4.1 0-5 2.5Y 4/4 LC D 1 M 5YR 4/6 SB M 5.97
4.2 5-10 2.5Y 4/4 LC D 2 M 5YR 4/6 SB S 5.39
4.3 10-20 2.5Y 4/1 MC D 3 M 5YR 4/6 SB S 4.76
4.4 20-40 2.5Y 4/1 MC D 3 M 5YR 4/6 SB S 4.20
4.5 40-90 2.5Y 5/1 MHC D 1 M 5YR 4/6 SB S 4.11
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Table 8-28 (continued). Profile description data for acid sulfate soil assessment of Merbein Common-Catfish Wetland (Wetland ID 40805).
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5.1 0-5 5Y 4/2 FSMC D 4 M 7.5YR 5/6 SB S 4.27 Salt.
5.2 5-10 5Y 4/2 FSMC T 3 M 7.5YR 5/6 SB S 4.08
5.3 10-20 5Y 4/2 FSMC T 2 M 7.5YR 4/6 SB S 3.81
5.4 20-40 5Y 4/1 MC T 2 M 7.5YR 4/6 SB S 3.92
5.5 40-90 5Y 4/1 MC T 2 M 7.5YR 4/6 SB S 3.88
6.1 0-5 2.5Y 6/2 LFS T 1 M 10YR 4/4 n/a G 4.33 Secondary mottle black.
6.2 5-10 2.5Y 5/3 CFS T 1 M 10YR 4/4 n/a G 4.22 Secondary mottle black.
6.3 10-20 2.5Y 4/2 FSLMC T 2 M 10YR 4/4 SB S 4.06
6.4 20-40 5Y 4/1 FSLMC T 2 M 10YR 4/4 SB S 3.91
6.5 | 40-90 5Y 4/1 FSLC T 2 M 10YR 3/2 SB S 5.97 Secondary mottle black.
7.1 0-5 2.5Y 4/2 MHC D 4 M 10YR 5/6 SB M 4.91
7.2 5-10 2.5Y 4/1 MHC T 4 M 5YR 4/6 SB S 4.10
7.3 | 10-20 5Y 5/1 MHC T 3 M 5YR 4/6 SB S 3.95
7.4 20-40 5Y 5/1 FSMHC T 3 M 5YR 4/6 SB S 3.73
7.5 40-90 5Y 5/1 MHC T 2 M 7.5YR 4/6 SB S 3.75
8.1 0-5 5Y 4/2 LC T 2 M 10YR 5/6 SB M 4.57
8.2 5-10 5Y 4/1 FSLC M 2 M 7.5YR 5/8 SB S 3.77
8.3 | 10-20 5Y 4/1 FSLC M 2 M 7.5YR 5/8 SB S 3.90 Secondary mottle black.
8.4 20-40 5Y 4/1 MHC M 2 M 2.5YR 3/6 SB S 3.93
8.5 40-90 5Y 4/1 MHC W 1 M 2.5YR 3/6 SB S 4.92
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8.6. Outlet Creek (Wetland ID 40856)

8.6.1. Location and setting description

Outlet Creek is situated approximately 22 km south-southeast of Mildura, on the southern
side of the River Murray, on the floodplain. It consists of a 1.5 km stretch of Outlet Creek
immediately downstream of Karadoc Swamp. The wetland reaches only 120 m at its widest
point, and the total wetland area is 13 hectares. The channel morphology is essentially a
chain of ponds, which all contained surface water at the time of sampling. The southern half
(south of Johns Road) has had some remediation work undertaken, including stock exclusion
fencing and vegetation plantings. To the north of Johns Road the wetland lacks groundcover
and understorey vegetation, and the soil surface has visible salt efflorescences and is highly
eroded. Many of the mature trees in the wetland were apparently dead or dying.

Figure 8-65. Outlet Creek and sample site locations.

8.6.2. Soil profile description and distribution

Four sites were described and sampled. The soil subtype and general location description of
each site are presented in Table 8-29. Sites were distributed throughout the wetland based
on different surface features and locations in the wetland, and a transect approach was not
used.

The profiles 40856_1 (Figure 8-67) and 40856_2 (Figure 8-68) were situated in the southern
half of the wetland, the former on a raised, vegetated point bar of the creek channel, and the
latter in the bed of a pond with surface water. The profiles 40856 3 (Figure 8-69) and
40856 _4 (Figure 8-70) were situated in the northern half of the wetland, the former on the
bank adjacent to the largest pond in the wetland, and the latter in the centre of that pond.
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Additional site and profile description data are presented in Tables 8-33 and 8-34,

respectively.

Table 8-29. Soil identification, subtype and general location description for Outlet Creek.

: Easting ~ Northing  Acid sulfate soil . o
Site ID UTM UTM subtype class General location description
Zone 54H Zone 54H
40856_1 619567 6197764 Hydrosol Point bar in southern chan_nel. Centre of
vegetated section.

Centre of pond in southern channel.
40856_2 619530 6197815 Hypermonosulfld}c Sunface_ crackl.ng ev.ldent on bed
Subaqueous Soil indicating drying prior to recent

inundation.
40856_3 619650 6198341 Hypomon_osulfld|c Eroded bank of pond in northern
Soil channel. Adjacent to pond.
40856_4 619674 6198395 Hypomonosulfidic Pond in northern channel. Centre of

Subaqueous Soil

pond.
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Figure 8-66. Conceptual cross section diagram showing the toposequence relationship of the
Outlet Creek sediments/soil materials throughout the wetland.

Figure 8-67. Photographs of site 40856 _1, showing the location of the site amongst low
succulent shrubs on a raised, bare surface, and the soil profile.

Assessment of Acid Sulfate Soil Materials in the Mildura Region Page 117



Figure 8-68. Photographs of site 40856_2, showing the pond from which the sample was taken,
and the soil profile.

Figure 8-69. Photographs of site 40856 _3, showing the bare banks of the pond from which the
sample was taken, and the soil profile.

Figure 8-70. Photographs of site 40856_4, showing the pond from which the sample was taken,
and the soil core.
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8.6.3. Laboratory data assessment

Soil pH testing (pHw, PHrox, PHkci, PHincusaTION)

The pH data is provided in Table 8-30 and profiles for all the sites sampled are presented in
Figure 8-71. The pHy values ranged between 4.79 and 7.16. Sulfuric materials (i.e. pHw <
4) were not present. The pHrox values ranged between 3.89 and 7.70. The pHgox results
indicate that one of the 20 surface soils examined may have the potential to acidify to pH < 4
as a result of sulfide oxidation. This sulfidic soil material (i.e. 40856 2 (20-40 cm)) also
acidified to pH < 4 after at least 8 weeks of incubation; one other sulfidic soil also acidified to
pH < 4 (i.e. 40856_2 (10-20 cm)). In addition, one other acidic soil material was identified,
indicating acidity in the soil profile at levels where aluminium may mobilise.
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Site ID 40856_1 Site ID 40856_2
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Figure 8-71. Depth profiles of soil pH for Outlet Creek (40856 1 — 40856_4), showing soil pH
(pHw as green line), peroxide treated pH (pHrox as red line) and ageing pH (PHincubation after at
least eight weeks as purple line). Critical pHw and pHincupation Value of 4 (green dashed line) and
critical pHrox value of 2.5 (red dashed line).
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Acid-base accounting
The acid-base accounting data is provided in Table 8-30 and summarised in Figure 8-72.
Chromium reducible sulfur

Chromium reducible sulfur (Scr) values ranged between < 0.01 and 0.44% S. Sulfidic soil
materials (i.e. Sck = 0.01% S) were identified at three of the four sampling sites (sites
40856 _2 — 40856_4), with 12 materials of the 20 samples collected equal to or greater than
the sulfidic criterion.

Acid volatile sulfide

The acid volatile sulfide (Say) values ranged between < 0.01 and 0.31% S. Monosulfidic soil
materials (i.e. Say = 0.01% S) were found three of the four sampling sites (sites 40856_2 —
40856_4), with 7 materials of the 20 samples collected equal to or greater than the
monosulfidic criterion.

Acid neutralising capacity
The acid neutralising capacity (ANC) ranged between 0.19 and 4.59% CaCOs..
Titratable actual acidity

The titratable actual acidity (TAA) ranged between zero and 11 mole H*/tonne, with all
(except one) soil layers having no TAA.

Retained acidity
There was no retained acidity at any of the sites as all samples had a pHkc > 4.5.
Net acidity

Net acidity ranged between -561 and 63 mole H*/tonne, with the majority of samples having
negative net acidities. The three hypersulfidic soil materials had low to moderate net
acidities of between -182 and 63 mole H'/tonne.

Water Soluble Sulfate

The water soluble sulfate in the surface soils (i.e. 0-5 cm) ranged between 5,700 and 21,900
mg/L. All of the surface soil layers examined had a soluble sulfate content exceeding the
100 mg/L trigger value for MBO formation potential.

Water Data

The surface water data measured in the field and laboratory are presented in Tables 8-31
and 8-32, respectively. The groundwater data measured in the field are presented in Tables
8-31. The field pH of the two surface waters collected was 8.3 and 8.4, with both sites
exceeding the most relevant ANZECC/ARMCANZ (2000) trigger value for aquatic
ecosystems of 8.0. The water data indicates that the surface water has not been affected by
acidification. The surface water sulfate concentrations were 1,671 and 4,755 mg/L. Some
metal (i.e. Co, Cu, Fe, Ni, Zn) and nutrient (PO,4, NH,) concentrations were found to exceed
the most relevant ANZECC/ARMCANZ (2000) guideline value. The field pH of the single
groundwater was 6.7, indicating that the groundwater has not been affected by acidification.
A groundwater sample was not collected for analysis due to the proximity of the water body.
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Figure 8-72. Acid-base accounting depth profiles for Outlet Creek (40856 1 — 40856 _4). Left
side shows the components: titratable actual acidity (TAA - red bar), acid generating potential
(AGP as Scr -pink bar), acid neutralising capacity (ANC - blue bar), retained acidity (RA - yellow
bar), and right side shows net acidity.

8.6.4. Discussion

Acid sulfate soils occurred at three of the four sites examined in the Outlet Creek wetland
(i.e. sites 40856_2 — 40856_4). The fourth profile contained other soil materials. Sulfuric
materials were not observed. Reduced inorganic sulfur contents of up to 0.44% Scgr were
observed at three sulfidic sites. Hypersulfidic soil materials with low to moderate net acidities
were present in one soil profile (which also contained hyposulfidic materials), and another
two soil profiles contained hyposulfidic materials (with both Scg = 0.10% and < 0.10%).
Monosulfidic soil materials were observed in surface layers in the three sulfidic profiles, with
Sav contents of up to 0.31% S. These results indicate that acidity would be produced upon
oxidation of sulfides in some of these materials. All surficial soil materials examined
contained soluble sulfate in excess of the 100 mg/L trigger value for MBO formation
potential.

Based on the priority ranking criteria adopted by the Scientific Reference Panel of the
Murray-Darling Basin Acid Sulfate Soil Risk Assessment Project, there was one high priority
site based on hypersulfidic material, three high priority sites based on hyposulfidic (Scr 2
0.10%) material, and also three high priority sites based on monosulfidic material. There
were three moderate priority sites based on the presence of a hyposulfidic material with Scg
< 0.10%. In addition, all four sampling sites had a high priority ranking for Phase 2 detailed
assessment based on MBO formation hazard.

Assessment of Acid Sulfate Soil Materials in the Mildura Region Page 122



The potential hazards at the wetland-scale posed by acid sulfate soil materials at the Outlet
Creek wetland are:

Acidification hazard: Negative net acidities were dominant in this wetland, with only
one hypersulfidic material having a moderate net acidity, indicating that the overall
degree of acidification hazard is low.

Deoxygenation hazard: High monosulfide concentrations (Say < 0.31% S) in surface
soils at three sites represent a high deoxygenation hazard. In addition, the soluble
sulfate content of surface soil materials at all four sites were over the trigger value for
MBO formation indicating the possible development of an appreciable deoxygenation
hazard at those locations after prolonged wet conditions.

Metal mobilisation: The low acidification hazard indicates that soil acidification is not
likely to increase the solubility of metals. The presence of monosulfidic materials in
some surface soils and the potential for MBO formation identified in this wetland may
result in an appreciable metal release hazard. This would depend on factors such as
the potential for MBO formation and the metal loading in this wetland. Soil acidity
may be sufficient for mobilisation of aluminium.

Summary of key findings for the Outlet Creek:

Soil materials: Sulfuric materials were not observed. Sulfidic soil materials identified

included: hypersulfidic (1 site), monosulfidic (3 sites), hyposulfidic =
0.10% S (3 sites) and hyposulfidic < 0.10% S (3 sites). Other soil
materials observed at an additional site. Negative net acidities
dominant within wetland.

Acid sulfate soil e Hypermonosulfidic subagueous, hypomonosulfidic subaqueous
identification: and hypomonosulfidic soils identified.
e Hydrosol soil also identified.
Hazard ¢ Acidification hazard - low level of concern
assessment e Deoxygenation hazard - high level of concern

o Metal mobilisation hazard — high level of concern
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Table 8-30. Laboratory analytical data for acid sulfate soil assessment of Outlet Creek (Wetland ID 40856).

(red printed values indicates data results of potential concern)

2::3 gepth Soil pH pH pH Sulfate pH Tfﬁ:zs)lle CRke]Eic:Jrz:glrg Retgur}ed Neuﬁgll?sing I\_Ief[ Vsl(z:altcijle Acid Sulfate Soil Material
Layer ange Texture  water eroxide incubation (mg SO/ KCI Acidi Sulfur ACIdIt¥ Capaci AC'dmf Sulfide Classification
Yer  (cm) P kg) ty (mole H'1t) PaCIty — ole H'/t)
ID. (mole H'/t) (%Scr) (%CaCOy) (%Sav)
1.1 0-5 fine 6.33 6.18 6.02 5700 6.87 0.00 <0.01 0.00 0.19 -25.18 <0.01 other soil materials
1.2 5-10 fine 6.14 7.19 5.68 6.59 0.00 <0.01 0.00 0.51 -67.71 <0.01 other soil materials
1.3 10-20 fine 6.78 7.12 6.22 6.76 0.00 <0.01 0.00 0.36 -48.25 <0.01 other soil materials
1.4 20-40 fine 7.00 7.35 6.66 7.01 0.00 <0.01 0.00 0.51 -68.23 <0.01 other soil materials
15 40-90 fine 7.16 7.62 6.94 7.58 0.00 <0.01 0.00 0.43 -56.65 <0.01 other soil materials
2.1 0-3 7.00 6.41 4.39 17250 7.94 0.00 0.44 0.00 1.58 63.20 0.31 hypermonosulfidic”
2.2 3-5 6.66 6.58 5.71 7.46 0.00 0.01 0.00 1.28 -162.10 <0.01 hyposulfidic (< 0.10)
2.3 5-10 6.93 6.43 4.98 8.15 0.00 0.39 0.00 2.49 -88.76 0.18 hypomonosulfidic (= 0.10)
2.4 10-20 5.89 4.72 2.90 6.64 0.00 0.01 0.00 1.43 -181.58 <0.01 hypersulfidic
2.5 20-40 4.79 3.89 3.50 5.38 11.36 0.07 0.00 0.32 14.63 <0.01 hypersulfidic
2.6 40-70 6.27 6.85 5.59 6.78 0.00 <0.01 0.00 0.74 -98.87 <0.01 other soil materials
3.1 0-5 fine 7.08 7.07 6.42 16950 8.35 0.00 0.08 0.00 4.59 -560.66 <0.01 hyposulfidic (< 0.10)
3.2 5-10 fine 7.01 7.30 6.32 8.36 0.00 0.27 0.00 2.21 -126.15 0.23 hypomonosulfidic (= 0.10)
3.3 10-20 fine 6.73 6.88 5.74 7.80 0.00 0.04 0.00 1.50 -172.88 0.04 hypomonosulfidic (< 0.10)/
3.4 20-40 fine 6.38 6.81 5.30 6.64 0.00 <0.01 0.00 0.44 -58.89 <0.01 other acidic
35 40-90 fine 6.56 7.70 6.12 7.06 0.00 <0.01 0.00 0.32 -42.70 <0.01 other soil materials
4.1 0-5 7.04 7.08 6.41 21900 8.38 0.00 0.20 0.00 2.01 -145.08 0.11 hypomonosulfidic (= 0.10)
4.2 5-10 6.67 6.70 6.31 8.41 0.00 0.25 0.00 1.80 -83.20 0.18 hypomonosulfidic (= 0.10)
4.3 10-20 6.69 6.62 6.25* 8.53 0.00 0.43 0.00 2.93 -123.40 0.29 hypomonosulfidic (= 0.10)
4.4 20-40 6.72 7.32 6.13* 7.85 0.00 0.09 0.00 0.84 -57.75 <0.01 hyposulfidic (< 0.10)

* Indicates that a stable pH has not yet been reached for this sample (after 18 weeks). * Classified as hypermonosulfidic based on positive net acidity.
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Table 8-31. Field hydrochemistry data for acid sulfate soil assessment of Outlet Creek (Wetland ID 40856).
Specific Electrical Dissolved  Dissolved Redox L
. Temperature i . Turbidity HCO;
Site and Layer ID. Conductivity Oxygen Oxygen pH ORP potential Comment
(Deg C) (NTU) (mg/L)
(uS/em) (%) (mg/L) (mV))
Lowland River* 125-2200 85-110 6.5-8.0 6-50
Freshwater Lakes* 20-30 90-110 6.5-8.0 1-20
40856_2 (SW) 27.6 69500 12.32 8.34 242 8.8 16
Pore-water measured but not collected due to
40856_3 (PW) 235 159600 4.52 6.69 178 54.7 o
proximity to water body
40856_4 (SW) 16.1 48700 11.55 8.36 203 8.0 21

* ANZECC water quality guidelines for lowland rivers and freshwater lakes/reservoirs in South-east Australia are provided for relevant parameters (there are currently no trigger values defined for ‘Wetlands’)
(ANZECC/ARMCANZ, 2000). Surface water values outside the ranges defined in the ANZECC guidelines are indicated with red text. (SW) and (PW) indicate whether the sample was taken from surface

water or pore-water, respectively.
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Table 8-32. Laboratory hydrochemistry data for acid sulfate soil assessment of Outlet Creek
(Wetland ID 40856).

Parameter  units ~\NZECC Site 2 Site 4
Guidelines (SW) (sw)
depth cm
Na mg I'* 10,888 9,846
K mg I'* 83 34
Ca mg I'* 1,739 675
Mg mg I'* 2,199 1,227
Si mg I'* 0.3 0.4
Br mg I 61.86 37.98
cl mg I 20,197 16,875
NOs; mg I'* 0.7 0.014 0.054
NH,-N mg I 0.01 1.585 0.034
PO,-PF mg I'* 0.005 0.011 <0.005
SO0, mg I'* 4,755 1,671
Ag pg I 0.05 <1 <1
AR pg I 55 <1 <1
As® ug I* 13 <10 <10
cd pg It 0.2 <1 <1
Co pg It 2.8 4 3
cr¢ pg I* 1 <5 <5
cu” pg I 1.4 10 5
Fe pg I 300 416 11
Mn ug I* 1700 790 593
Nif pg It 11 32 9
Pb" pg It 3.4 <1 <1
Se pg It 11 n/a n/a
zn" pg I 8 16 7
DOC mg I'* n/a n/a
Notes.

The ANZECC guideline values for toxicants refer to the Ecosystem Protection — Freshwater Guideline for protection of 95% of
biota in ‘slightly-moderately disturbed’ systems, as outlined in the Australian Water Quality Guidelines for Fresh and Marine
Water Quality (ANZECC/ARMCANZ, 2000). For the nutrients NH, and POa, guideline values are provided for Freshwater Lakes
and Reservoirs. Surface water values outside the ranges defined in the ANZECC guidelines are indicated with red text. (SW)
and (PW) indicate whether the sample was taken from surface water or pit-water (groundwater that entered an excavated pit),
respectively.

AGuideline is for Aluminium in freshwater where pH > 6.5.

8 Guideline assumes As in solution as Arsenic (AsV).

cGuideline is for Chromium is applicable to Chromium (CrVI) only.
e Guideline is for filterable reactive phosphorous (FRP).
nHardness affected (refer to Guidelines).
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Table 8-33. Site description data for acid sulfate soil assessment of Outlet Creek (Wetland ID 40856).

wetland.

Depth to
. P Surface Earth Cover ) Rationale for site . L
Site No. | Water Table . . Location Notes . ASS Soil Classification Comments
(cm) Condition (Vegetation) selection
Beyond Sparse low Point bar in southern channel. Elevated site in
1 sampling Dry succulent shrubs Centre of vegetated section. remediated southern end Other
depth of wetland.
Sub- Pond in southern channel. Low, sub-aqueous site in
2 -25 aqUeoUs Sub-aqueous Centre of pond. remediated southern end Hypermonosulfidic Algal mat on surface of substrate.
q of wetland.
3 20 Moist Bare with salt Eroded bank Of_ pond in northern Elevated site in eroded Hvpomonosulfidic
uplifting channel. Adjacent to pond. northern end of wetland. yp
Sub- Pond in northern channel. Low, sub-aqueous site in
4 -28 aqueous Sub-aqueous Centre of pond. eroded northern end of Hypomonosulfidic Odoriferous
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Table 8-34. Profile description data for acid sulfate soil assessment of Outlet Creek (Wetland ID 40856).
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1.1 0-5 2.5Y 5/3 KSLMC T 2 M 7.5YR 4/6 PO W 6.80
1.2 5-10 2.5Y 5/2 KSMHC T 2 M 7.5YR 4/6 PO M 6.37
1.3 10-20 2.5Y 5/2 KSMHC T 3 M 7.5YR 4/4 PO M 6.78 Secondary mottle 2.5Y 2.5/1.
1.4 20-40 2.5Y 5/3 KSMC T 2 M 7.5YR 4/4 PO M 7.28 Nodules from 29-44 cm.
1.5 40-90 2.5Y 5/3 KSMC T 1 M 2.5Y 5/6 PO W 7.26 Nodules from 29-44 cm.
2.1 0-3 10YR 2/1 n.a. W n.a. \Y 6.51 Black MBO.
2.2 3-5 5Y 3/1 n.a. W n.a. V 6.94 Too wet to texture.
2.3 5-10 5Y 3/1 LC M 4 M 10YR 2/1 PO S 6.53
2.4 10-20 5YR 5/2 LC W 3 M 10YR 2/1 PO S 5.71
2.5 20-40 5Y 4/1 LMC M 4 M 10YR 2/1 PO S 3.27
2.6 40-70 5Y 4/1 LMC M 3 M 10YR 6/1 PO S 6.03
3.1 0-5 5Y 4/1 MC M 3 M 7.5YR 4/4 PO M 6.82
3.2 5-10 5Y 4/1 MC M 3 M 7.5YR 4/4 PO M 7.14
3.3 10-20 5Y 5/2 MC W 3 M 10YR 2/1 PO M 7.22 Secondary mottle black.
3.4 20-40 5Y 4/1 FMC W 3 M 7.5YR 4/4 PO M 6.49 Fine sand.
3.5 40-90 | GLEY 5/10GY FMC W 3 M GLEY 2.5/N n.a. V 6.58 Increasing fine sand.
4.1 0-5 10YR 2/1 W 6.62 Black MBO.
4.2 5-10 10YR 2/1 W 5.98 Black MBO.
4.3 10-20 10YR 2/1 W 5.98 Black MBO.
4.4 20-40 GLEY 1 4/SG W 3 GLEY 1 4/N PO 5.62
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8.7. Boeill Creek / Lagoon Wetland Complex (Wetland ID 21920 /
21921)

8.7.1. Location and setting description

Boeill Creek/Lagoon wetland complex consists of two distinct wetland features, both on the
northern side of the River Murray. The larger wetland (21920) is a dendritic channel system
situated approximately 6.1 km northwest of Mildura, and occupies an area of 34 hectares,
reaching 4 km in length and 180 m in width. The smaller wetland (21921) is an infilled prior
channel situated approximately 9.2 km northwest of Mildura, and reaches 900 m in length
and 120 m in width. The wetland 21920 runs through wooded country, pastoral and
horticultural lands, with pools of water located in deeper sections of the channel during the
time of sampling. The wetland 21921 is surrounded by pastoral lands and lacked surface
water at the time of sampling.

Figure 8-73. Boeill Creek/Lagoon wetland complex and sample site locations.

8.7.2. Soil profile description and distribution

Twelve sites were described and sampled. The soil subtype and general location description
of each site are presented in Table 8-35. Sites were distributed throughout the wetland
based on different surface features and locations in the wetland, and a transect approach
was used in part.

The profiles 21920 _1 (Figure 8-75), 21920 2 (Figure 8-76), 21920 3 (Figure 8-77) and
21920 4 (Figure 8-78) were all situated in the upper tributaries of the wetland, in wooded
country (21920_4 was bordered by vineyards on the western side of the channel). The
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ground surface of these four sites ranged from bare clay in water-holding depressions to
higher areas that were well vegetated with low shrubs. The profiles 21920 5 to 21920 7
form a hydro-toposequence within the main water-holding channel which was bordered by
agricultural land, and profile 21920 8 is situated in a large pool in the main channel closer to
the confluence of the wetland with the River Murray. The profiles 21921 1 and 21921 4
reflected the range of moisture at the wetland, including a moist site (21921 4) and a dry site
(21921 _1). The profile 21921_1 was vegetated with low, succulent shrubs. The profile
(21921 _2) was also dry but vegetated with dense forbs and herbs. The profile (21921 _3) was
situated on a point bar on the inside bend of the billabong.

Additional site and profile description data are presented in Tables 8-40 to 8-43.

Table 8-35. Soil identification, Boeill

Creek/Lagoon wetland complex.

subtype and general location description for

Site ID Easting ~ Northing  Acid sulfate soil G | location descripti
ite UTM Zone UTM subtype class eneral location description
54H Zone 54H

21920 1 601900 6221647 Hydrosol NW inlet channel. Centre of channel.

21920 2 601751 6221434  Cracking Clay Soil 'V niet¢hannel. Depression in centre of
channel.

21020 3 601858 6221265 Cracking Clay Soil >V’ Inietchannel. Shallow pondage in

centre of channel.
21920 4 603629 6221340 Hyposulfidic Soil NE inlet channel. Centre of channel.
21920 5 602860 6220935 Hypermon.osulf|d|c Main channel. NE bank adjacent to reed
Soil beds.
21920 6 602836 6220929 Hypermggi?sumd'c Main channel. Centre of channel.
21920 7 602405 6221322 Hypermonosulf|d_|c Large pond in main channel. Centre of
- Subaqueous soil pond.
21920 8 603747 6220568 Hypomonosulfldl'c Hyper saline pond in main channel.
Subaqueous soll Centre of pond.

21021 1 599734 6221309  Cracking clay soil  Costern reach of billabong. Centre of
channel.

21921 2 599441 6221522 Hydrosol Northern section of billabong. Centre of

- channel.
21921 3 599477 6221385 Hypersulfidic Soil Centre of billabong. Point bar.
21021 4 509595 6221327 Hypersulfidic Centre of billabong. Only area with

Cracking Clay Soil

moist surface.
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Figure 8-74. Conceptual cross section diagram showing the toposequence relationship of the
Boeill Creek/Lagoon wetland complex sediments/soil materials for sites 21920 5 to 21920 _8.

Figure 8-75. Photographs of site 21920 1, showing the location of the sampling site amongst
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the covering of saltbush, and the soil profile.

Figure 8-76. Photographs of site 21920 2, showing the bare cracking clay surface, and the soil
profile.

Figure 8-77. Photographs of site 21920_3, showing the situation of the site in a depression in a
dried channel, and the soil profile.

Figure 8-78. Photographs of site 21920 4, showing the sampling site amongst saltbush and
forbs, and the soil profile.
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Figure 8-79. Photographs of site 21920 5, showing the situation of the site on the upper bank of
the main channel, and the soil profile.

Figure 8-80. Photographs of site 21920 6, showing the site on the thalweg of the channel, with a
heavy cover of salt efflorescences, and the soil profile showing the presence of MBO.

Figure 8-81. Photographs of site 21920 _7, showing the waterbody (left of image) from which the
sample was taken, and the soil core showing the presence of MBO.
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Figure 8-82. Photographs of site 21920 8, showing the water body from which the sample was
taken (note the presence of MBO in the water at rear of image and along the water’s edge in
foreground), and the soil core showing the presence of MBO and thick salt crust.

Figure 8-83. Conceptual cross section diagram showing the toposequence relationship of the
Boeill Creek/Lagoon wetland complex sediments/soil materials for sites 21921 1 to 21921 4.
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Figure 8-84. Photographs of site 21921_1, showing the cracking clay surface with low succulent
shrubs, and the soil profile.

Figure 8-85. Photographs of site 21921 2, showing the situation of the site in dense vegetation,
and the soil profile.

Figure 8-86. Photographs of site 21921 3, showing the mostly bare surface with low succulent
shrubs, and the soil profile.
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Figure 8-87. Photographs of site 21921 4, showing the moist clay surface with dense vehicle
track damage, and the soil profile.

8.7.3. Laboratory data assessment

Soil pH testing (pHw, PHrox, PHkel, PHiNcuBATION)

The pH data is provided in Tables 8-36 to 8-37 and profiles for all the sites sampled are
presented in Figures 8-87 to 8-89. The pHy values ranged between 4.32 and 7.30. Sulfuric
materials (i.e. pHw < 4) were not present. The pHrox values ranged between 3.33 and 7.48.
The pHrox results indicate that one soil material at site 21920 and 10 soil materials at site
21921 may have the potential to acidify to pH < 4 as a result of sulfide oxidation. However,
the Scr data shows some of these layers contained no detectable sulfide (i.e. Scr < 0.01%
S). One of the hypersulfidic soil materials acidified to a pH < 4 after at least 8 weeks of
incubation (i.e. 21921_4 (10-20 cm)). Other acidic soil materials were identified at nine of the
12 sites examined, indicating acidity in the soil profile at levels where aluminium may
mobilise.
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Figure 8-88. Depth profiles of soil pH for Boeill Creek/Lagoon wetland complex (21920 1 —
21920 _4), showing soil pH (pHw as green line), peroxide treated pH (pHrox as red line) and
ageing pH (pHincubation after at least eight weeks as purple line). Critical pHyw and pHincubation Value
of 4 (green dashed line) and critical pHrox value of 2.5 (red dashed line).
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Figure 8-89. Depth profiles of soil pH for Boeill Creek/Lagoon wetland complex (21920 5 —
21920 _8), showing soil pH (pHw as green line), peroxide treated pH (pHrox as red line) and
ageing pH (pHincubation after at least eight weeks as purple line). Critical pHyw and pHincubation Value
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Figure 8-90. Depth profiles of soil pH for Boeill Creek/Lagoon wetland complex (21921 1 —
21921 4), showing soil pH (pHw as green line), peroxide treated pH (pHrox as red line) and
ageing pH (pHincubation after at least eight weeks as purple line). Critical pHyw and pHincubation Value
of 4 (green dashed line) and critical pHrox value of 2.5 (red dashed line).
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Acid-base accounting

The acid-base accounting data is provided in Table 8-36 to 8-37 and summarised in Figures
8-90 to 8-92.

Chromium reducible sulfur

Chromium reducible sulfur (Scr) values ranged between < 0.01 and 1.38% S. Sulfidic soll
materials (i.e. Sck 2 0.01% S) were identified at seven sampling sites (sites 21920 _4 —
21920 _8 and 21921 3 — 21921 _4), with 21 materials of the 60 samples collected equal to or
greater than the sulfidic criterion. Low Scg values (i.e. Scr < 0.03% S) were observed at site
21921. The highest Scr value was often found in the surface layers (i.e. 0-5 cm).

Acid volatile sulfide

The acid volatile sulfide (Say) values ranged between < 0.01 and 0.42% S. A total of 13
monosulfidic soil materials (i.e. Say 2 0.01% S) were found at four sites (sites 21920 5 -
21920_8).

Acid neutralising capacity

The acid neutralising capacity (ANC) ranged between zero and 8.13% CaCOs;. The ANC for
all samples collected from wetland 21921 was zero.

Titratable actual acidity

The titratable actual acidity (TAA) ranged between zero and 41 mole H'/tonne, with the
majority of soil layers having a TAA < 20 mole H*/tonne. An increase in the TAA with depth
was often observed.

Retained acidity
There was no retained acidity at any of the sites as all samples had a pHgc > 4.5.
Net acidity

Net acidity ranged between -437 and 290 mole H*/tonne, with all of the samples at site
21921 having low to moderate positive net acidities (i.e. < 32 mole H'/tonne). The eight
hypersulfidic soil materials had moderate to high net acidities ranging between 19 and 290
mole H*/tonne.

Water Soluble Sulfate

The water soluble sulfate in the surface soils (i.e. 0-5 cm) ranged between 36.2 and 16,950
mg/L. Eleven of the 12 surface soil layers examined had a soluble sulfate content exceeding
the 100 mg/L trigger value for MBO formation potential.

Water Data

The surface water and groundwater data measured in the field and laboratory are presented
in Tables 8-38 and 8-39, respectively. The field pH of the two surface waters collected was
7.1 and 7.4, indicating that the surface water has not been affected by acidification. The
surface water sulfate concentrations were 4,395 and 10,089 mg/L. Some nutrient (i.e. NH,,
PO,), metal (i.e. Ag, As, Cd, Co, Fe, Mn, Ni, Pb), turbidity and SEC values were found to
exceed the most relevant ANZECC/ARMCANZ (2000) guideline value. The field pH of the
single groundwater sample was 5.8, indicating that the groundwater may have been affected
by acidification. The groundwater had a sulfate concentration of 286 mg/L.
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Figure 8-91. Acid-base accounting depth profiles for Boeill Creek/Lagoon wetland complex
(21920 _1 — 21920 _4). Left side shows the components: titratable actual acidity (TAA - red bar),
acid generating potential (AGP as Scgr -pink bar), acid neutralising capacity (ANC - blue bar),
retained acidity (RA - yellow bar), and right side shows net acidity.
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Figure 8-92. Acid-base accounting depth profiles for Boeill Creek/Lagoon wetland complex
(21920_5 - 21920_8). Left side shows the components: titratable actual acidity (TAA - red bar),
acid generating potential (AGP as Scgr -pink bar), acid neutralising capacity (ANC - blue bar),
retained acidity (RA - yellow bar), and right side shows net acidity.
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Figure 8-93. Acid-base accounting depth profiles for Boeill Creek/Lagoon wetland complex
(21921 1 — 21921 4). Left side shows the components: titratable actual acidity (TAA - red bar),
acid generating potential (AGP as Scgr -pink bar), acid neutralising capacity (ANC - blue bar),
retained acidity (RA - yellow bar), and right side shows net acidity.

8.7.4. Discussion

Acid sulfate soils occurred at seven of the 12 sites examined in the Boeill Creek/Lagoon
wetland complex (i.e. sites 21290 _4 — 21290 8, 21291 3 and 21291 4). Sulfuric materials
were not observed. Reduced inorganic sulfur contents of up to 1.38% Scr were observed at
seven sulfidic sites. Low reduced inorganic sulfur contents (i.e. Scg < 0.03% S) were
observed at site 21921. Hypersulfidic soil materials were present in five soil profiles (three
profiles also contained hyposulfidic materials), and another soil profile contained hyposulfidic
materials with Scg = 0.10%. The hypersulfidic materials had moderate to high net acidities.
Monosulfidic soil materials were observed at four of the sampling sites (i.e. sites 21290 5 —
21291_8), with S,y contents of up to 0.42% S. Monosulfidic soil materials were observed
throughout the profile at three sites (i.e. sites 21290_6 — 21291 8). An additional soil profile
contained a hyposulfidic material with Scg < 0.10%. These results indicate that acidity would
be produced upon oxidation of sulfides in some of these materials. A total of 11 surficial soil
materials contained soluble sulfate in excess of the 100 mg/L trigger value for MBO
formation potential. Other acidic soil materials were also observed at an additional five sites.

Based on the priority ranking criteria adopted by the Scientific Reference Panel of the
Murray-Darling Basin Acid Sulfate Soil Risk Assessment Project, there were five high priority
sites based on hypersulfidic material, three high priority sites based on hyposulfidic (Scg 2
0.10%) material, and four high priority sites based on monosulfidic material. There were
three moderate priority sites based on the presence of a hyposulfidic material with Scr <
0.10%. In addition, 11 sampling sites had a high priority ranking for Phase 2 detailed
assessment based on MBO formation hazard.
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The potential hazards at the wetland-scale posed by acid sulfate soil materials at the Boeill
Creek/Lagoon wetland complex are:

Acidification hazard: While low net acidities were dominant in this wetland, seven
hypersulfidic materials had moderate net acidities (i.e. 12 % of layers), indicating that
the overall degree of acidification hazard is moderate. Only one of the hypersulfidic
materials had a high net acidity (i.e. 2 % of layers).

Deoxygenation hazard: High monosulfide concentrations (Say < 0.42% S) in surface
soils at three sites represent a high deoxygenation hazard. In addition, the soluble
sulfate content of surface soil materials at 11 sites were over the trigger value for
MBO formation indicating the possible development of an appreciable deoxygenation
hazard at those locations after prolonged wet conditions.

Metal mobilisation: The moderate acidification hazard indicates that soil acidification
may increase the solubility of metals. The presence of monosulfidic materials in
some surface soils and the potential for MBO formation identified in this wetland may
also result in an appreciable metal release hazard. This would depend on factors
such as the potential for MBO formation and the metal loading in this wetland. Soil
acidity may be sufficient for mobilisation of aluminium.

Summary of key findings for the Boeill Creek/Lagoon wetland complex:

Soil materials: Sulfuric materials were not observed. Sulfidic soil materials identified

included: hypersulfidic (5 sites), monosulfidic (4 sites), hyposulfidic =
0.10% (1 site), and hyposulfidic < 0.10% S (1 site). Other acidic soil
materials observed at an additional 5 sites. Low net acidities
dominant within wetland.

Acid sulfate soil e Hypersulfidic, hypersulfidic cracking clay, hypermonosulfidic,
identification: hypermonosulfidic subaqueous, hyposulfidic and

hypomonosulfidic subaqueous soils identified.
Hydrosol and cracking clay soils also identified.

Hazard
assessment

Acidification hazard - moderate level of concern
Deoxygenation hazard - high level of concern
Metal mobilisation hazard — high level of concern
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Table 8-36. Laboratory analytical data for acid sulfate soil assessment of Boeill Lagoon (Wetland ID 21920).

(red printed values indicates data results of potential concern)

223 gepth Soil pH pH pH Sulfate pH Ti:\r(?ttjzglle CRre;:jourgiItLJJIT::1 Ret@r}ed Neuﬁgl?sing Nej[ Vgc;'fiile Acid Sulfate Soil Material
Layer ange  Texture water eroxide incubation (Mg SO, KCI Acidit Sulfur AC'd't¥ Capacit AC'd't¥ Sulfide Classification
4 (cm) P /'kg) Y (mole H'it) PACy — (mole H'1t)
ID. (mole H'/t) (%Scr) (%CaCOs3) (%Sav)
1.1 0-5 coarse 6.20 6.20 6.09 118 6.24 3.33 <0.01 0.00 0.00 3.33 <0.01 other soil materials
1.2 5-10 medium  6.25 6.18 5.27 5.94 5.33 <0.01 0.00 0.00 5.33 <0.01 other acidic
1.3 10-20 medium  5.47 4,71 4.83 5.08 14.33 <0.01 0.00 0.00 14.33 <0.01 other acidic
1.4 20-40 5.67 5.14 4,93 5.20 16.53 <0.01 0.00 0.00 16.53 <0.01 other acidic
15 40-90 fine 5.57 5.58 5.15 5.34 13.22 <0.01 0.00 0.00 13.22 <0.01 other soil materials
2.1 0-5 6.46 6.23 5.43 36.2 5.73 0.93 <0.01 0.00 0.00 0.93 <0.01 other acidic
2.2 5-10 6.73 6.45 6.00 5.56 10.86 <0.01 0.00 0.00 10.86 <0.01 other soil materials
2.3 10-20 6.72 6.81 6.06 5.78 7.28 <0.01 0.00 0.00 7.28 <0.01 other soil materials
2.4 20-40 6.51 6.73 6.29 5.86 7.76 <0.01 0.00 0.00 7.76 <0.01 other soil materials
2.5 40-90 6.36 6.85 6.41 6.03 7.62 <0.01 0.00 0.00 7.62 <0.01 other soil materials
3.1 0-5 fine 6.00 4.85 4.92 2355 5.52 13.86 <0.01 0.00 0.00 13.86 <0.01 other acidic
3.2 5-10 fine 5.64 4.36 4.34 5.10 17.96 <0.01 0.00 0.00 17.96 <0.01 other acidic
3.3 10-20 fine 4,98 4.02 411 4.66 32.21 <0.01 0.00 0.00 32.21 <0.01 other acidic
3.4 20-40 fine 4.32 412 4.19 5.15 13.13 <0.01 0.00 0.00 13.13 <0.01 other acidic
35 40-90 fine 5.73 6.14 5.58 5.81 6.51 <0.01 0.00 0.00 6.51 <0.01 other soil materials
4.1 0-5 6.81 7.48 7.32 12105 8.24 0.00 0.04 0.00 2.34 -288.70 <0.01 hyposulfidic (< 0.10)
4.2 5-10 6.91 7.43 7.31 7.79 0.00 0.03 0.00 1.59 -196.23 <0.01 hyposulfidic (< 0.10)
4.3 10-20 5.97 4.60 5.35 5.65 9.34 <0.01 0.00 0.00 9.34 <0.01 other acidic
4.4 20-40 5.25 4.32 4.71 5.24 14.71 <0.01 0.00 0.00 14.71 <0.01 other acidic
4.5 40-90 5.12 4.42 4.52 4.94 21.12 <0.01 0.00 0.00 21.12 <0.01 other acidic
5.1 0-2 medium 5.44 6.25 5.81 12765 8.71 0.00 0.05 0.00 3.49 -436.60 <0.01 hyposulfidic (< 0.10)
5.2 2-5  coarse 6.02 6.02 5.86 8.56 0.00 <0.01 0.00 0.83 -110.66 <0.01 other soil materials
5.3 5-10  coarse 5.31 5.01 4.13 6.54 0.00 <0.01 0.00 0.30 -40.09 <0.01 other acidic
5.4 10-20 medium  4.69 4.54 4.33 5.84 40.74 <0.01 0.00 0.00 40.74 <0.01 other acidic
5.5 20-40  coarse 5.95 6.69 5.41 6.97 0.00 0.02 0.00 0.49 -50.83 <0.01 hyposulfidic (< 0.10)
5.6 40-50 medium  6.56 6.79 6.68 8.25 0.00 <0.01 0.00 0.37 -49.16 <0.01 other soil materials
5.7 50-58 6.27 5.13 4.36* 6.14 5.07 0.09 0.00 0.00 60.24 0.02 hypermonosulfidic”
5.8 58-90 6.15 3.47 5.46 5.23 19.17 0.02 0.00 0.00 29.06 <0.01 hypersulfidic”
* Indicates that a stable pH has not yet been reached for this sample (after 17 weeks). * Classified as hypersulfidic/hypermonosulfidic based on positive net acidity.
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Table 8-36 (continued). Laboratory analytical data for acid sulfate soil assessment of Boeill Lagoon (Wetland ID 21920).
(red printed values indicates data results of potential concern)

Site Depth - Sulfate Titratable Chrom_ium Retained ACi(.j . Net ACi(.j . . .
and Range Soil pH pH_ ) pH ) (mg SO. pH Ac_tu_al Reducible Acidity Neutrall_smg Acidity Vola_tlle Acid Sulfatc_e .SOI|. Material

Layer (cm) Texture water peroxide incubation /kg) KCI AC|d|t¥ Sulfur (mole H't) Capacity (mole H't) Sulfide Classification
ID. (mole H'ft) (%Scr) (%CaCOy) (%Sav)

6.1 0-5 6.28 6.66 6.14 13770 8.38 0.00 1.38 0.00 4.28 290.03 0.30 hypermonosulfidic”
6.2 5-10 6.65 7.04 6.25 8.48 0.00 0.33 0.00 3.66 -283.96 0.16 hypomonosulfidic (= 0.10)
6.3 10-20 6.53 6.61 6.43 8.32 0.00 0.15 0.00 2.01 -172.37 0.07 hypomonosulfidic (= 0.10)
6.4 20-33 6.35 6.21 6.53 8.38 0.00 0.22 0.00 2.28 -168.72 0.11 hypomonosulfidic (= 0.10)
6.5 33-40 6.38 6.26 6.35 7.46 0.00 0.09 0.00 0.83 -56.09 0.05 hypomonosulfidic (< 0.10)
6.6 40-90 6.34 5.23 4.64* 5.39 17.74 0.07 0.00 0.00 59.24 0.02 hypermonosulfidic”
7.1 0-5 6.69 6.96 6.72 10515 8.90 0.00 1.33 0.00 8.13 -253.15 0.42 hypomonosulfidic (= 0.10)
7.2 5-10 6.81 6.85 6.84 8.43 0.00 0.29 0.00 2.76 -185.53 0.18 hypomonosulfidic (= 0.10)
7.3 10-20 6.40 6.24 6.84 6.74 0.00 0.34 0.00 0.93 88.53 0.20 hypermonosulfidic”
8.1 0-5 6.53 6.81 6.85 16950 8.78 0.00 0.50 0.00 4.42 -275.16 0.39 hypomonosulfidic (= 0.10)
8.2 5-10 7.30 7.17 6.76 8.74 0.00 0.21 0.00 3.01 -267.85 0.04 hypomonosulfidic (= 0.10)
8.3 10-20 7.08 6.92 7.02 8.82 0.00 0.26 0.00 3.72 -334.05 0.17 hypomonosulfidic (= 0.10)

* Indicates that a stable pH has not yet been reached for this sample (after 17 weeks). * Classified as hypermonosulfidic based on positive net acidity.
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Table 8-37. Laboratory analytical data for acid sulfate soil assessment of Boeill Lagoon (Wetland ID 21921).

(red printed values indicates data results of potential concern)

Site Depth - Sulfate Titratable Chrom_ium Retained ACi(.j . Net ACi(.j . . .
and Range Soil pH pH_ ) pH ) (mg SO pH Ac_tu_al Reducible Acidity Neutrall_smg Acidity Vola_tlle Acid Sulfatc_e .SOI|. Material
Layer Texture water peroxide incubation 4 KCI Acidity Sulfur T Capacity : Sulfide Classification
(cm) 1 kg) + (mole H'/t) (mole H'/t)
ID. (mole H'ft) (%Scr) (%CaCOy) (%Sav)
11 0-5 fine 4.76 4.63 4.94 6240 6.16 3.12 <0.01 0.00 0.00 3.12 <0.01 other acidic
1.2 5-10 fine 4.86 4.00 4.67 5.52 7.15 <0.01 0.00 0.00 7.15 <0.01 other acidic
1.3 10-20 fine 4.91 3.64 4.33 5.06 14.38 <0.01 0.00 0.00 14.38 <0.01 other acidic
14 20-40 fine 4.71 3.60 4.28 4.86 15.97 <0.01 0.00 0.00 15.97 <0.01 other acidic
15 40-90 fine 4.80 3.92 4.38 4.94 12.92 <0.01 0.00 0.00 12.92 <0.01 other acidic
2.1 0-5 fine 6.18 4.85 5.06 362 5.94 3.05 <0.01 0.00 0.00 3.05 <0.01 other acidic
2.2 5-10 fine 5.28 4.43 4.79 5.30 14.07 <0.01 0.00 0.00 14.07 <0.01 other acidic
2.3 10-20 fine 5.05 4.38 4.67 4.77 19.29 <0.01 0.00 0.00 19.29 <0.01 other acidic
2.4 20-40 fine 4.94 4.43 4.62 4.84 22.85 <0.01 0.00 0.00 22.85 <0.01 other acidic
25 40-90 fine 5.13 5.22 4.79 4.94 16.07 <0.01 0.00 0.00 16.07 <0.01 other acidic
3.1 0-5 medium 5.27 3.95 4.99 4230 5.94 4.97 <0.01 0.00 0.00 4.97 <0.01 other acidic
3.2 5-10 medium  4.98 3.55 4.59 5.40 9.52 <0.01 0.00 0.00 9.52 <0.01 other acidic
3.3 10-20 fine 5.00 3.34 4.39 5.26 11.08 <0.01 0.00 0.00 11.08 <0.01 other acidic
34 20-40 fine 4.59 3.60 4.15 5.13 11.12 0.03 0.00 0.00 32.23 <0.01 hypersulfidic”
35 40-90 fine 4.58 4.43 4.14 5.25 10.14 <0.01 0.00 0.00 11.09 <0.01 other acidic
4.1 0-5 fine 5.30 3.99 5.22 8340 6.44 16.10 <0.01 0.00 0.00 17.91 <0.01 other acidic
4.2 5-10 fine 4.88 4.07 4.21* 5.43 10.13 0.01 0.00 0.00 18.82 <0.01 hypersulfidic”
4.3 10-20 fine 4.77 3.33 3.93 5.19 12.33 0.02 0.00 0.00 24.89 <0.01 hypersulfidic
4.4 20-40 fine 4.65 3.84 4.14 5.12 12.80 <0.01 0.00 0.00 12.80 <0.01 other acidic
4.5 40-90 fine 5.31 5.10 4.59 5.12 13.41 <0.01 0.00 0.00 13.41 <0.01 other acidic
* |Indicates that a stable pH has not yet been reached for this sample (after 17 weeks). * Classified as hypersulfidic based on positive net acidity.
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Table 8-38. Field hydrochemistry data for acid sulfate soil assessment of Boeill Lagoon (Wetland ID 21920/21921).

Specific Electrical Dissolved  Dissolved Redox

. Temperature i . Turbidity HCO;
Site and Layer ID. Conductivity Oxygen Oxygen pH ORP potential Comment
(Deg C) (NTU) (mg/L)
(uS/em) (%) (mg/L) (mV))
Lowland River* 125-2200 85-110 6.5-8.0 6-50
Freshwater Lakes* 20-30 90-110 6.5-8.0 1-20
21920_6 (PW) 24.4 24370 0.52 5.77 -15 n.a. 270 Turbidity not measured
21920_7 (SW) 32.2 249100 n.a. 7.54 224 305.0 215 DO out of range
21920_8 (SW) 26.5 406000 0.24 7.07 -271 159.9 600

* ANZECC water quality guidelines for lowland rivers and freshwater lakes/reservoirs in South-east Australia are provided for relevant parameters (there are currently no trigger values defined for ‘Wetlands’)
(ANZECC/ARMCANZ, 2000). Surface water values outside the ranges defined in the ANZECC guidelines are indicated with red text. (SW) and (PW) indicate whether the sample was taken from surface
water or pore-water, respectively.
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Table 8-39. Laboratory hydrochemistry data for acid sulfate soil assessment of Boeill Lagoon
(Wetland ID 21920/21921).

Parameter units ANZECC Site 6 Site 7 Site 8
Guidelines (PW) (swW) (sw)
depth cm
Na mg I'* 5,154 56,732 75,510
K mg I'* 37 330 216
Ca mg I'* 353 2,679 825
Mg mg I'* 795 9,623 9,610
Si mg I'* 275 2.9 5.2
Br mg I'* 35.9 493.22 745.38
cl mg I 11,858 171,277 211,720
NOs; mg I'* 0.7 0.289 0.014 0.023
NH,-N mg I'* 0.01 36.443 3.572 3.972
PO,-PF mg I'* 0.005 0.027 0.166 0.393
SO0, mg I'* 286 4,395 10,089
Ag pg I 0.05 <1 2 1
AR pg I 55 14 <1 <1
As® ug I* 13 <10 38 317
cd pg It 0.2 <1 1 1
Co pg It 2.8 7 19 18
cr¢ pg I* 1 <5 <5 <5
cu” pg I 1.4 <5 <5 <5
Fe ug It 300 95,529 1,246 742
Mn ug I* 1700 16,911 27,952 6,248
Nif pg It 11 <5 28 <5
Pb" pg It 3.4 8 5 2
Se pg It 11 n/a n/a n/a
zn" pg I 8 16 <5 7
DOC mg I'* n/a n/a n/a
Notes.

The ANZECC guideline values for toxicants refer to the Ecosystem Protection — Freshwater Guideline for protection of 95% of
biota in ‘slightly-moderately disturbed’ systems, as outlined in the Australian Water Quality Guidelines for Fresh and Marine
Water Quality (ANZECC/ARMCANZ, 2000). For the nutrients NH, and POa, guideline values are provided for Freshwater Lakes
and Reservoirs. Surface water values outside the ranges defined in the ANZECC guidelines are indicated with red text. (SW)
and (PW) indicate whether the sample was taken from surface water or pit-water (groundwater that entered an excavated pit),
respectively.

AGuideline is for Aluminium in freshwater where pH > 6.5.

8 Guideline assumes As in solution as Arsenic (AsV).

cGuideline is for Chromium is applicable to Chromium (CrVI) only.
e Guideline is for filterable reactive phosphorous (FRP).
nHardness affected (refer to Guidelines).
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Table 8-40. Site description data for acid sulfate soil assessment of Boeill Lagoon (Wetland ID 21920).

Depth to
. P Surface Earth Cover ) Rationale for site . L
Site No. | Water Table . . Location Notes . ASS Soil Classification Comments
(cm) Condition (Vegetation) selection
siiilol?nd Dr Dense microbiotic NW inlet channel. Centre of Spatial representation of Other acidic
1 degth 9 y crust channel. inlet channels.
Beyond icrobioti W inlet channel. Depression in Spatial ion of
2 sampling Dry Dense microbiotic . p patial representation o Other acidic
depth crust centre of channel. inlet channels.
SBa?leolrI]nd Dr SW inlet channel. Shallow Spatial representation of -
3 degth 9 y Bare pondage in centre of channel. inlet channels. Other acidic
Beyond ;
4 san¥pling Dry Moderate Salt bush NE inlet channel. Centre of Spatial representation of Hyposulfidic
depth and Leaf Litter channel. inlet channels. yp
Beyond _ Main channel. NE bank adjacent _ N
5 se&n;gmlg Moist Bare to reed beds. Elevated site. Hypermonosulfidic
) Main channel. Centre of ) - ) )
6 14 Moist Bare channel. Moderately elevated site. Hypermonosulfidic Thick salt crust of different colours.
Sub- Pond in main channel. Centre of - . . Strong H.,S odour on disturbance. Salt
7 -6 Sub-aqueous Low point in main channel. Hypermonosulfidic
agueous pond. crust on bed.
8 90 Sub- Sub Hyper saline pond in main Low point near River H idi Black cloudiness in water disturbed by
) aqueous ub-aqueous channel. Centre of pond. Murray. ypomonosuffidic wind.

Assessment of Acid Sulfate Soil Materials in the Mildura Region

Page 149




Table 8-41. Site description data for acid sulfate soil assessment of Boeill Lagoon (Wetland ID 21921).

Depth to
. P Surface Earth Cover . Rationale for site . .
Site No. | Water Table N . Location Notes . ASS Soil Classification Comments
Condition (Vegetation) selection
(cm)
Beyorld Sparse low Eastern reach of billabong. ) o
1 sampling Dry succulent perennials Centre of channel. Elevated site. Other acidic
depth
Beyond . .
) Northern section of Billabong. Low point in vegetated
2 sampling Dry Dense groundcovers Centre of channel. section. Other acidic
depth
Beyond Moderate succulent ) )
3 sampling Dry perennials and leaf | Centre of billabong. Pointbar. | Ejevated site on point bar. Hypersulfidic
depth litter
Beyor'1d ) Centre of Billabong. Only area o ] o
4 sampling Moist Bare with moist surface. Low point in bare section. Hypersulfidic
depth
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Table 8-42. Profile description data for acid sulfate soil assessment of Boeill Lagoon (Wetland ID 21920).
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1.1 0-5 5Y 6/3 FCS D 1 M 2.5Y 6/8 SB M 5.41
1.2 5-10 5Y 6/3 FSL D 2 M 2.5Y 6/8 SB M 4.94
1.3 10-20 5Y 4/2 ZLC D 2 M 2.5Y 6/8 SB M 4.83
1.4 20-40 5Y 3/2 MC D 2 M 2.5Y 6/8 SB S 4.92
1.5 40-90 5Y 3/2 MHC D 1 M 2.5Y 6/8 SB S 4.94
2.1 0-5 2.5Y 4/1 HC D 1 M 2.5Y 6/6 SB S 6.25
2.2 5-10 2.5Y 4/1 HC D 1 M 2.5Y 6/6 SB S 6.00
2.3 10-20 2.5Y 4/1 HC D 1 M 2.5Y 6/6 SB S 6.30
2.4 20-40 5Y 4/1 HC D 1 M 2.5Y 5/6 SB S 6.41 Gravel present.
2.5 40-90 5Y 3/1 HC T 1 M 2.5Y 5/6 SB S 6.44
3.1 0-5 2.5Y 3/4 LMC D 2 M 7.5YR 5/8 SB S 5.81
3.2 5-10 2.5Y 5/4 MC D 1 M 7.5YR 4/6 SB S 5.12 Salt present.
3.3 10-20 2.5Y 4/1 MC T 3 M 10YR 5/8 SB S 5.14
3.4 20-40 2.5Y 4/1 MHC T 1 M 10YR 5/8 SB S 4.46
3.5 40-90 2.5Y 4/1 MC T 1 M 10YR 4/6 SB S 5.82
4.1 0-5 2.5Y 4/3 FSCL D 3 M 7.5YR 4/6 SB S 7.66
4.2 5-10 2.5Y 4/3 MHC D 4 M 7.5YR 4/6 SB S 6.92 Vesicles present.
4.3 10-20 2.5Y 5/3 ZMHC D 3 M 7.5YR 4/6 SB S 5.09
4.4 20-40 2.5Y 5/3 MHC D 3 M 7.5YR 4/6 SB S 4.72
4.5 40-90 2.5Y 4/2 MHC T 3 M 2.5YR 3.6 SB S 4.57
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Table 8-42 (continued). Profile description data for acid sulfate soil assessment of Boeill Lagoon (Wetland ID 21920).
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5.1 0-2 5Y 4/2 FSCL M 2 M 10YR 3/4 SB W 5.44 Secondary mottle black.
5.2 2-5 5Y 5/3 CLFS M 2 M 7.5YR 4/6 SB W 5.25
5.3 5-10 5Y 5/3 CLFS M 2 M 7.5YR 4/6 SB W 5.03
5.4 10-20 5Y 6/4 FSCL M 2 M 7.5YR 4/6 SB W 5.38 Sand lenses.
5.5 20-40 5Y 6/2 CFS M 1 M 7.5YR 4/6 SB W 6.86
5.6 40-50 5Y 5/1 FSC M 0 SB W 6.12
5.7 50-58 5Y 3/1 n/a M 0 SB S 5.97 Too wet to field texture.
5.8 58-90 5Y 5/1 n/a M 0 SB S 5.92 Too wet to field texture.
6.1 0-5 5Y 5/3 n/a M 4 M 10R 3/6 SB S 5.99 Secondary mottle black. Too wet to field texture.
6.2 5-10 5Y 5/3 n/a M 3 M 10R 3/6 SB S 6.04 Too wet to field texture.
6.3 10-20 BLACK GEL n/a W 0 5.89 Too wet to field texture.
6.4 20-33 BLACK GEL n/a W 0 5.89 Too wet to field texture.
6.5 33-40 5Y 4/1 n/a W 0 GREY GEL 6.12 Too wet to field texture.
6.6 40-90 5Y 4/1 n/a W 0 SB S 5.92 Too wet to field texture.
7.1 0-5 | GLEY 12.5/N n/a W 6.34 Black MBO.
7.2 5-10 | GLEY 1 2.5/N n/a W 6.21 Black MBO.
7.3 10-20 | GLEY 1 2.5/N n/a W 6.22 Black MBO.
8.1 0-5 | GLEY 12.5/N n/a W 6.46 Black MBO.
8.2 5-10 | GLEY 1 2.5/N n/a W 6.52 Black MBO.
8.3 10-20 | GLEY 1 2.5/N n/a W 6.78 Black MBO.
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Table 8-43. Profile description data for acid sulfate soil assessment of Boeill Lagoon (Wetland ID 21921).
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1.1 0-5 5Y 4/2 LMC T 1 M 5YR 6/8 n.a. \ 4.64 Salt fissures. V/D2.
1.2 5-10 5Y 5/1 LMC T 3 M 10YR 5/8 SB M 4.56
1.3 10-20 5Y 5/1 HC T 2 M 10YR 5/8 SB S 4.47
1.4 20-40 5Y 5/1 HC T 3 M 10YR 5/8 SB S 4.46
1.5 40-90 5Y 4/2 MHC T 2 M 10YR 5/8 SB S 4.55
2.1 0-5 5Y 5/1 LMC D 1 M 10YR 5/8 SB W 5.68 Hydrophobic, dense roots present.
2.2 5-10 5Y 5/1 MC D 1 M 10YR 5/8 SB M 5.38 Salt present.
2.3 10-20 2.5Y 4/2 MC D 3 M 10YR 5/8 SB S 4.88
2.4 20-40 2.5Y 5/1 HC D 2 M 10YR 5/8 SB S 4.86
2.5 40-90 2.5Y 5/1 HC T 1 M 10YR 5/8 SB S 5.16
3.1 0-5 2.5Y 4/2 FLC D SB W 5.41
3.2 5-10 2.5Y 4/2 FLC M 2 M 10YR 5/8 SB M 4.59 Salt present.
3.3 10-20 2.5Y 4/2 FMHC M 2 M 10Y 4/6 SB S 4.67
3.4 20-40 5Y 4/2 FMC M 2 M 7.5YR 4/6 SB M 4.40
3.5 40-90 2.5Y 4/2 FLMC M 4 M 2.5YR 4/6 SB M 4.76
4.1 0-5 5Y 4/2 LMC T SB M 5.10
4.2 5-10 5Y 4/2 LMC T 3 M 10YR 3/3 SB S 4.53
4.3 10-20 5Y 4/2 MHC T 2 M 10YR 3/3 SB S 4.33
4.4 20-40 5Y 5/2 MC T 2 M 7.5YR 4/4 SB S 4.37
4.5 40-90 5Y 5/2 MHC M 2 M 7.5YR 4/4 SB S 4.64 Seepage at 60 cm depth.
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APPENDIX 2. ASSRAP screening criteria
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Table 8-44: Screening criteria for selecting detailed acid sulfate soil assessment study areas
developed by the Scientific Reference Panel of the Acid Sulfate Soils Risk Assessment Project

(source: MDBA 2010).

Parameter Trigger value Action required Priority

<4 Detailed assessment Extreme

pH soil* 4-55 Detailed assessment Moderate
>5 No further assessment N/A
<5.5 Detailed assessment High

pH water 55-6.5 Detailed assessment Moderate
>6.5 No further assessment N/A
>1000 uS cm™ Detailed assessment High

EC soil (1:5) 400 — 1000 PS cm™ Detailed assessment Moderate
<400 uS cm™ No further assessment N/A
>5000 uS cm™ Detailed assessment High

EC water 1750 — 5000 pS cm™ Detailed assessment Moderate
<1750 uS cm™ No further assessment N/A
>500 mg/L Detailed assessment High

Sulfate soil 100 — 500 mg/L Detailed assessment Moderate
<100 mg/L No further assessment N/A
>50 mg/L Detailed assessment High

Sulfate water 10 - 50 mg/L Detailed assessment Moderate
<10 mg/L No further assessment N/A

* As determined by both in-field measurements and subsequent analysis of samples collected in chip-

trays.
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