








 
Statement of Evidence of Mark Stuckey in VCAT Amendment C159 – Coastal Acid Sulfate Soil Potential at 1920  
Barwon Heads Road, Barwon Heads, Victoria, November 2009 
 

209069 CASS SoE.docx 3 

 

2 DOCUMENTS UTILISED IN THIS STATEMENT 
 
The following documents pertaining specifically to the site and the issue of concern (Coastal 
Acid Sulfate Soils) have been reviewed during the course of preparing this report (a complete 
list of references provided in Section 6): 

1. Ahern, C R, Ahern, M R and Powell, B (1998). Guidelines for sampling and analysis of 
lowland acid sulfate soils (ASS) in Queensland 1998.  Department of Natural Resources, 
Indooroopilly, Queensland, Australia. 

2. Ahern, C R, Sullivan, L A and McElnea, A E (2004). Laboratory methods guidelines 2004 
– Acid Sulfate Soils.  In Queensland acid sulfate soil technical manual.  Department of 
Natural Resources, Mines and Energy, Indooroopilly, Queensland, Australia. 

3. Environmental Earth Sciences VIC (2008a). Best practice management guidelines 
(BPMG) for the assessment and management of coastal acid sulfate soil (CASS) in 
Victoria.  Report to Victorian Department of Sustainability & Environment, February 2008. 

4. Environmental Earth Sciences VIC (2008b). Stage 1 Preliminary Site Investigation, 1-13 
Ferguson Road, Leopold, Victoria.  Report to Pelican Childcare, dated February 2008. 

5. Environmental Earth Sciences VIC (2008c). Preliminary Stage 1 Coastal Acid Sulfate Soil 
(CASS) Assessment, 90-120 Sheepwash Road, Barwon Heads, Victoria.  Report to 
Hamptons (Barwon Heads) Developments Pty Ltd, dated October 2008, Version 1. 

6. Environmental Earth Sciences VIC (2006). Environmental Audit Report – 40 Coombes 
Road, Torquay, Victoria.  Report to Paul Lehmann dated 3 November 2006. 

7. Fitzpatrick, R W, Hicks, W S, Marvanek, S P, Raven, M D, Dahlhaus, P G and Cox J W 
(2007). Scoping study of coastal and inland acid sulfate soils in the Corangamite CMA.  
Report to Department of Primary Industries and Corangamite Catchment Authority.  
CSIRO Land and Water Science Report 28/07.  CSIRO, Adelaide.  
http://www.clw.csiro.au/publications/science/2007/sr28-07.pdf. 

8. Fitzpatrick, R W, Powell, B and Marvanek, S (2006). Coastal Acid Sulfate Soils: National 
Atlas and Future Scenario.  Coast to Coast 2006: Australia’s National Coastal 
Conference, May 22-25 2006, Melbourne Exhibition Centre, Melbourne. 

9. Victorian Department of Primary Industries (DPI) (2003). Acid sulfate soil hazard maps – 
guidelines for coastal Victoria.  CLPR Research Report No. 12, March 2003. 

10. Victorian Department of Sustainability and Environment (DSE) (2008). Draft strategy for 
coastal acid sulfate soils in Victoria.  Melbourne, June 2008. 

11. Victorian DSE (2009). Victorian coastal acid sulfate soils strategy.  Melbourne, July 2009. 
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3 BACKGROUND 
 

3.1 National and Victorian legislation and guidelin es 
According to the National Working Party on Acid Sulfate Soils (2000) under the auspices of 
the National Committee of Acid Sulfate Soils (NatCASS), infrastructure development and 
primary industries around Australia are facing a $10 billion legacy of acid sulfate soils (ASS).  
In Australia, coastal acid sulfate soils (CASS) occupy an estimated 95,000 km2, of which 
74,000 km2 are exposed at some point during the tidal cycle.  This area contains well over 
two billion tonnes of potentially dangerous sulfidic material (Fitzpatrick et al. 2006).  These 
soils underlie coastal estuaries and tidal flats close to major population centres in Australia. 
 
This information was acquired as part of the national mapping program to develop a unified 
Atlas of Australian Acid Sulfate Soils with a detailed legend containing consistent national 
classification and terminology (Fitzpatrick et al. 2006; 2007).  This information has been 
published on-line as the Australian Soil Resource Information System (ASRIS) Atlas of 
Australian acid sulfate soils risk maps. 
 
The Victorian government issued its Industrial Waste Management Policy (IWMP) on waste 
acid sulfate soils (WASS), as well as EPA Victoria Publication 655, in 1999.  The IWMP 
(WASS) outlines the requirements for management of WASS, including reuse and disposal.  
The nub of the policy is that where excavated, WASS is to be managed “in accordance with 
current best practice” including licensed disposal under the Environment Protection Act 1970 
and according to an EMP approved by the EPA.  Publication 655 provides definitions as well 
as an outline of identification, assessment, classification and management requirements and 
methodologies. 
 
While the IWMP provided a hierarchy for management of WASS (avoidance, minimize 
disturbance, prevent oxidation, treat, dispose) its focus was on the safe disposal and reuse 
of WASS using best practice methodologies. 
 
A state-wide coastal mapping program was undertaken to provide guidance on the potential 
occurrence of CASS (DPI 2003).  This has been followed up by further assessment and 
mapping targeting the Corangamite catchment (Fitzpatrick et al. 2007). 
 
One of the areas of constant evolution within the ASS field has been the development and 
refinement of laboratory analytical methods for determining soil sulfur (S) content.  This 
development resulted in the release of Ahern et al. (2004), which provides an overview for a 
wide range of methods. 
 
Queensland has been very proactive in the development of management and laboratory 
guidance for ASS (as well as mapping), due in part to the rapid urban development on these 
sediments in south-eastern Queensland, and the impact of water-table lowering on sugar 
cane farming areas further north (Ahern et al. 1998, Dear et al. 2002).  This has included 
comprehensive management guidance (Dear et al. 2002) that is referred to by the 
Department of Sustainability & Environment (DSE) in Victoria until the Victorian draft Best 
Practice Management Guidelines (BPMG) (DSE 2008a) are finalised (expected to be 
released in early 2010). 
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3.2 Definitions 
A common source of confusion in soil (including acid sulfate soil), geological and 
hydrogeological assessments is the terminology used to describe various ‘units’ encountered 
within these three media.  As such, a glossary of terms used in this report has been provided 
below. 
 
Acid neutralising capacity (ANC)  the soils natural resistance to acid generation.  It is the 
number of moles of protons per unit mass of soil required to raise the pH of the soil by one 
pH unit.  ANC is measured as percentage CaCO3. 

Acid Sulfate Soil (ASS)  soil containing iron sulfides deposited during either the Pleistocene 
or Holocene geological epochs (Quaternary aged) as sea levels rose and fell.  

Acidify  addition of acid to lower pH. 

Actual Acid Sulfate Soil (AASS) soil in which soil sulfides are undergoing oxidation and 
producing more acid than the soils ANC, leading to a net acid generation. 

Aeolian  deposition of unconsolidated wind-blown soil material. 

Alluvial  describes material deposited by, or in transit in, flowing water. 

Aquifer rock or sediment in a formation, group of formations, or part of a formation which is 
saturated and sufficiently permeable to transmit economic quantities of water to wells and 
springs. 

Aquifer, confined aquifer that is overlain by a confining bed with significantly lower hydraulic 
conductivity than the aquifer. 

Aquifer, perched region in the unsaturated zone where the soil is locally saturated because 
it overlies soil or rock of low permeability. 

Aquitard a unit of low-permeability that can store groundwater and also transmit it slowly. 

Cation Exchange Capacity (CEC)  maximum positive charge required to balance the 
negative charge on colloids (clays and other charged particles).  The units are milli-
equivalents per 100 grams of material or centimoles of charge per kilogram of exchanger. 

Clay  Soil material composed of particles finer than 0.002 mm.  When used as a soil texture 
group such soils contain at least 35% clay. 

Cobble  rock fragment, rounded or abraded between 64 and 256 mm in diameter.  Cobbles 
are larger than gravel and smaller than boulders. 

Coffee rock  brown/black hard sandy pan formed from precipitation of iron and organic 
matter which has leached and oxidised at the water table interface. 

Colluvial  unconsolidated soil and rock material moved down-slope by gravity. 

Confidence Limits (statistics)  an interval so constructed as to have a prescribed probability 
of containing the true value of an unknown parameter. 

Ephemeral a water body that contains water only during periods of precipitation and briefly 
thereafter, or during periods of elevated water-table levels when the stream is in direct 
hydraulic connection with the underlying unconfined aquifer (i.e. receives base-flow). 

Fluvial  material deposited by, or in transit, in streams or watercourses. 

Gleyed soils  waterlogged soils.  Develop where drainage is poor or the watertable is high.  
A reducing environment exists in the saturated layers, which become mottled greyish-blue or 
brown because of the content of ferrous iron and organic matter. 
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Gradational  lower boundary between soil layers (horizons) has a gradual transition to the 
next layer.  The solum (soil horizon) becomes gradually more clayey with depth. 

Groundwater  water held in the pores of an aquifer. 

Horizon  individual soil layer, based on texture and colour, which differs from those above 
and below. 

Loam  medium textured soil of approximate composition 10-25% clay, 25-50% silt and >50% 
sand. 

Massive  refers to the condition of the soil layer in which the layer appears to be as a 
coherent or solid mass which is largely devoid of peds. 

Mottled  masses, blobs or blotches of sub-dominant, varying colours in the soil matrix. 

Net acid generation potential (NAGP)  difference between the TOS and ANC reported on a 
kilogram H2SO4 production per tonne of soil. 

Nodulation  hard, usually small, accumulation of precipitated iron and/or manganese in the 
soil profile, usually a result of past alternating periods of oxidation/reduction. 

Peat organic matter partly decomposed by water, heat and microbes, and partly carbonised 
and mineralised. 

Pedogenesis  formation of an individual natural soil aggregate. 

Pedomorphological  − formation of primary soil particles into a spatial arrangement, known 
as peds. 

Piezometer  a cased borehole with a short slotted screen for measuring standing water level 
(SWL), which represents a potentiometric surface or elevation of the water table; also used 
to obtain sample of groundwater for quality assessment. 

pH logarithmic index for the concentration of hydrogen ions in an aqueous solution, which is 
used as a measure of acidity.   

POCAS Peroxide Oxidisable Combined Acidity and Sulfate laboratory procedure. 

Podzol  acidic sandy soils with strongly differentiated horizons, including a leached horizon 
above a coffee coloured pan and subsoil. 

Podzolic  a term applied to acid soils with strong texture contrast between loamy topsoils and 
clayey subsoils. 

Potential Acid Sulfate Soil (PASS)  a soil that has the potential to become acidic if it is 
exposed to the atmosphere. 

Profile  the solum.  This includes the soil A and B horizons and is basically the depth of soil 
to weathered rock. 

Texture  is the size of particles in the soil.  Texture is divided into six groups, depending on 
the amount of coarse sand, fine sand, silt and clay in the soil. 

Total Actual Acidity (TAA)  moles of titratable protons per unit mass of soil displaced by an 
un-buffered KCl solution, otherwise known as the salt-replaceable acidity. 

Total Oxidisable Sulfur (TOS)  maximum oxidisable sulfur present and represents the 
maximum production of acid possible from sulfide oxidation. 

Unsaturated zone  vadose zone.  The zone between the land surface and the water table, in 
which the rock or soil pores contain both air and water. 
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Vadose zone  zone containing water under pressure less than that of the atmosphere, 
including soil water, intermediate vadose water, and capillary water.  This zone is limited 
above by the land surface and below by the surface of the zone of saturation, that is the 
water table. 

Water table  interface between the saturated zone and unsaturated zones.  The surface in an 
aquifer at which pore water pressure is equal to atmospheric pressure. 

 

3.3 Conversion factors 
A major source of confusion in the interpretation and application of results from CASS 
assessments is the wide range of units in which results are reported.  To avoid this 
confusion, this report has expressed all results reported as %S, mol/T, mol/kg, and %CaCO3, 
in equivalent units of kgH2SO4/tonne of soil (T).  Table 1 presents conversion factors.  The 
reason for using units of kg H2SO4/T as a preference is that calculating factors such as 
potential acid production and neutralising requirements is simplified, while the lay person can 
more easily visualise kilograms of acid per tonne. 
 

TABLE 1 ACID SULFATE SOIL CONVERSION FACTORS 
 

Reported units Convert to…  Conversion factor 

moles H+/tonne kg H2SO4/tonne x 0.049 

moles H+/kg kg H2SO4/tonne x 49 

%S kg H2SO4/tonne x 30.59 

% CaCO3 kg H2SO4/tonne x -9.8 

% Ca kg H2SO4/tonne x 24.45 

% Mg kg H2SO4/tonne x 40.31 

 

3.4 Screening criteria (soil sulfide hazard classes ) 
Any soil samples collected for laboratory analysis should be assessed against the screening 
criteria presented in Table 2, which is modified from Table 4.4 of ASSMAC (1998). 
 

TABLE 2 SCREENING CRITERIA 
 
Type of Material ≤1000 T (≤600 m3) disturbed >1000 T (>600 m3) disturbed 

Texture Clay Sulfur Trail Acid Trail NAGP Sulfur Trail Acid Trai l NAGP 

Units % %S mol H+/T kgH2SO4/T %S mol H+/T kgH2SO4/T 

Coarse ≤5 0.03 18 1.0 0.03 18 1.0 

Medium 5-40 0.06 36 2.0 0.04 25 1.4 

Fine ≥40 0.1 62 3.0 0.05 31 1.8 
 
Note(s):  1. ‘disturbed’ refers to excavation, dewatering, dredging, etc 
 2. refer to Table 1 below for conversion factors between laboratory units 
 3. Coarse = sands; Medium = sandy loams/silts to light clays/silts; Fine = medium to heavy clays, silty clays 
 4. NAGP net acid generation potential – requires %S and acid neutralizing capacity (ANC) to determine 
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When characterising CASS on the basis of risk of acid production and subsequent potential 
for environmental (and engineering or soil structural) damage (in the event of excavation, 
dewatering or other forms of disturbance that potentially introduce oxygen to the soil), a 
number of categories can be applied, based on the results of assessment.  These have been 
provided in Table 3 (taking into account the natural inherent buffering capacity of the soil), 
and have been derived in part from information provided in Table 2 and associated 
references. 
 

TABLE 3 SOIL SULFIDE HAZARD CLASSES 
 
Risk No risk Risk 

Hazard Class 
Class 1  

‘No-sulfur’ 
Class 2  

‘Non-reactive’ 
Class 3  

‘Moderate Risk’ 
Class 4  

‘High Risk’  

Texture Group Sulfur NA Sulfur NA Sulfur NA Sulfur NA 

1 (Coarse) 1 N/A >1 (<10)4 <3 >1 >3 >10 >5 

2 (Medium) 2 N/A >2 (<20)4 <6 >2 >6 >20 >10 

3 (Fine) 3 N/A >3 (<30)4 <9 >3 >9 >30 >15 
 
Note(s):  1. all units in kg H2SO4 generated per tonne of soil 
 2. NA net acidity (sulfur + acid – buffering capacity) 
 3. Texture groups are: 1. Coarse: sands; 2. Medium: loams/silts-light clays; 3. Fine: medium to heavy clays, silty clays 
 4.  sulfur levels exceeding the values in brackets require confirmation through incubation tests or weathering trials 
 

 
Hazard classes are a management tool for defining material based on impact to the 
environment, and are based on soil sulfur (S) and net acid generation potential (NAGP) 
values.  Classes normally used are no risk (no-sulfur or non-reactive), moderate risk and 
high risk.  An explanation of these classes is presented below. 
 
Soils classified as ‘no sulfur’ are not acid sulfate soils (NASS), while ‘non-reactive’ soils are 
completely self buffering and do not require management through neutralization if oxidized 
(although they do require monitoring). 
 
The ‘no risk – no-sulfur’ (NASS) classification is based solely on the presence of sulfides (S) 
measured by the total oxidisable sulfur (TOS), the sulfur trail of the POCAS method (SPOS), or 
the chromium reducible sulfur (SCR) methods (all three methods have been used in the 
current study).  No risk – no-sulfur is defined as soil below the S threshold values given in 
Table 3. 
 
‘Non-reactive’ is based on net acidity (NA) and is defined as having S values greater than the 
no-sulfur threshold, but NA values below 3 times that of the no-sulfur values. 
 
Note that these levels are based on consideration of buffering agents in the soil, as per the 
equation: 

• NA (kg H2SO4/tonne) = sulfur (S) + existing acidity (TAA) + retained acidity (SRAS at 
pHKCl<4.5) – buffering (ANC/Ca+Mg) 

 
‘Moderate risk’ and ‘high risk’ sediment and soil are likely to cause a significant adverse risk 
to the environment.  Essentially, moderate risk will generate a small amount of acid slowly 
while high risk will either generate acid quickly, in large volumes, or both.  According to the 
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definition in ASSMAC (1998), these are the only two classes that are considered to be ASS 
from a management point of view. 
 
If the presence of ‘moderate risk’ or ‘high risk’ sediment and/ or soil is confirmed, a CASS 
environmental management plan (EMP) is required to determine an appropriate 
management response for the proposed development. 
 

3.5 Background geophysical setting 

3.5.1 Location and property description 
The site under investigation is located at 1920 Barwon Heads Road, Barwon Heads, Victoria, 
as shown in Figure 1. 
 

Street address: 1920 Barwon Heads Road 

Suburb:  Barwon Heads, 3227 

State:   Victoria 

Local Government: Greater Geelong Council 

Parish:   Conewarre 

Planning Zone: Farming zone (FZ) 

   (Schedule to the farming zone) 

Planning Overlays: Public Acquisition Overlay (PAO) 

   Public Acquisition Overlay 3 Schedule (PAO3) 
 
The site is approximately 51 hectares in size and currently occupied by a farmhouse which is 
situated on the northern boundary of the property near Barwon Heads Road.  The property is 
roughly rectangular in shape.  It is bounded by Barwon Heads Road to the north, Barwon 
Heads township to the east, Barwon Heads Golf Course abuts the southern side, and a 
channel wetland borders the western fence-line.  A small ephemeral water body is located 
approximately 450 m to the west of the house.  Site features are indicated on Figure 2. 

3.5.2 Regional geology 
The geology of the site area is described by GSV (1997 and 1980) as being Cainozoic Era, 
Quaternary Period, Pleistocene Epoch (10,000 years to 1.8 million years old [Myo]) Aeolian 
dune limestone and calcareous quartz sandstone (aeolianite).  Due to its age (>10,000 years 
old) and calcareous nature, this soil is seen to have a very low potential to be classified as 
CASS and generate significant (or any) volumes of acid.  This will be confirmed through 
further assessment. 
 
Salt Swamp to the north of Barwon Heads Road (north-west of the site) and Murtnagurt 
Swamp to the south-west of the site are connected by the channel wetland to the immediate 
west of the site (see Figure 2).  These features are situated on a veneer of Quaternary 
Period, Holocene (or Recent) Epoch (0-10,000 years old) estuarine sand, silt and clay that 
overlies (or has eroded away) the older Pleistocene Aeolian dune limestone and calcareous 
quartz sandstone (GSV 1980).  These areas are more likely to potentially contain unreacted 
soil sulfides such as to be classified as CASS. 
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The dune deposits at the site are underlain by the basalt plains of the Newer Volcanics 
Formation, which are Quaternary to Tertiary Period, Pleistocene to Pliocene Epoch (1.0-2.0 
Myo) and outcrop at the surface approximately 3.5km to the west of the site. 

3.5.3 Regional hydrogeology 
Regional groundwater flow is expected to be in a southerly direction towards Bass Strait 
which is approximately 1.7km south of the site.  Local groundwater flow will most likely also 
be in a southerly direction, towards small local sunklands, wetlands and drainage lines 
surrounding the site.  Rain falling on the site is likely to recharge directly into the surface or 
flow overland to the wetland beyond the western boundary. 
 
The Victorian Groundwater Management System (GMS) (DSE 2008b) indicates there are 38 
groundwater bores registered within 3km of the site. Of these, 15 are registered for stock and 
domestic purposes, two are for irrigation, and the remaining have unknown or non-
groundwater uses.  Depth to water in the bores is recorded to be between 1.0-12.5 m below 
ground level (m BGL).  It should be noted that topography can influence the depth to 
groundwater. 
 
According to DNRE (1995a and 1995b), groundwater in the area of the site has a total 
dissolved solids (TDS) concentration ranging between 3,501 and 13,000 milligrams per litre 
(mg/L).  In accordance with the SEPP GoV (1997) the water is classified as Segment C. 
 
This indicates that the beneficial uses which need to be protected are: 

• aquatic ecosystems; 

• stock watering; 

• primary contact recreation; 

• industrial water use; and 

• buildings and structures. 
 
DNRE (1995a and 1995b) indicate that the uppermost aquifer beneath the site is expected to 
be the Upper Tertiary aquifer (UTa) located in the Newer Volcanics Formation.  Dahlhaus et 
al. (2002) and Dahlhaus et al. (2004) indicate that groundwater in the region of the site is 
likely to be part of an intermediate flow system.  The Newer Volcanics are expected to be 
<50 metres thick beneath the site. 

3.5.4 Topography 
According to Robinson et al. (2003), the terrain around the Barwon Heads area generally 
consists of undulating plains which fringe a number of small wetland systems, sunklands, 
and the Barwon River.  The relief is generally subdued and is typical of the behaviour of 
aeolian sediments in the area.  Department of Sustainability and Environment (DSE) 
topographical mapping indicates that the site lies at an elevation between 10 and 20 m 
Australian Height Datum (AHD). 
 
Together with the geological information for the site discussed in Section 3.5.2 above, this 
indicates a low potential for CASS.  CASS high risk areas in Victoria are defined as being 
<10 m AHD elevation with high water tables, and swamp or estuarine environments. 
 
The landscape is generally flat, slightly undulating following the shape of sand dunes. 
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3.5.5 Vegetation 
Vegetation classes of the coastal plains include Calcarenite Dune Woodland and Coastal 
Dune Scrub Mosaic (Robinson et al. 2003).  Much of the nearby land has been cleared for 
residential or grazing purposes. 
 
The site is vegetated with maintained grasses and a large variety of shrubs and small trees.  
Vegetation species consist of some salt-tolerant species, succulents, eucalypts and other 
native and non-native species. 

3.5.6 Soil 
The soil in the Corangamite region is described as being predominantly sedimentary, 
consisting of calcareous sands, slits and clays (Robinson et al. 2003).  The site is classified 
by Robinson et al. (2003) to be soil-landform unit 196; described as sandy yellow and/ or red 
texture contrast soils that tend to have alkaline pH trends.  In surface horizons the nutrient 
and water holding capacity is low, with sodic subsoils common. 
 
Fitzpatrick et al. (2006) in the ASRIS Atlas of Australian acid sulfate soils risk map indicates 
that the site lies in a ‘low probability’ ASS zone.  Fitzpatrick et al. (2007) in a CSIRO report 
for the Victorian Department of Primary Industries (DPI) and Corangamite Catchment 
Management Authority (CMA) concludes that the site has an “extreme low probability” of 
containing ASS.  Further to these findings, DPI (2003) on the Geelong T7721 coastal acid 
sulfate soil hazard map (scale 1:100,000) determine that the site is not in an area of probable 
CASS. 
 
Despite all of the above findings indicating the site has a very low CASS potential, DSE 
(2009) on Map 3 Central Coast (p34), identifies that the site is described as land that has the 
potential to contain CASS.  As such, further assessment is required. 
 
As detailed in DSE (2008a, p40-41), the next stage is recommended to be a preliminary field 
assessment to further investigate the potential presence and extent of CASS on-site.  Given 
the nature and importance of the work being undertaken, it was however determined that a 
full site assessment would be performed during the field component of the study (as per DSE 
2008a, Section 7 pp44-46). 
 

3.6 Soil sampling 
As detailed above, a full site field assessment was undertaken by qualified Environmental 
Earth Sciences VIC staff on 2-3 September 2009 to further establish whether there was a 
potential for the presence of CASS on the site.  Soil sampling was undertaken by 
Environmental Earth Sciences VIC using a trailer-mounted hydraulic push-tube soil coring rig 
to collect undisturbed samples of the lithology. 

3.6.1 Sampling pattern rationale 
According to DSE (2008a, Table 3 p46) the sampling density for a property greater than 10 
hectares requires 30 sampling points.  This sampling plan was determined using current 
aerial maps of the site showing land features such as buildings, water bodies and vegetation 
cover.  Sampling locations were spread uniformly across the accessible portions of the site 
using a judgemental pattern rationale.  Borehole locations were aimed at targeting areas of 
the proposed residential development area, but also covered areas proposed as ‘open areas/ 
recreational’. 
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3.6.2 Sampling methodology 
Thirty boreholes were cored across the site to a maximum depth of 3 m BGL, unless refusal 
occurred before this depth was reached. 
 
Discrete soil samples were collected from each soil horizon within each borehole during 
drilling.  Samples were collected at, but not limited to, areas of distinct changes in 
stratigraphy, at the estimated location of the water table, capillary fringe, and at the base of 
each hole, and aimed to collect a sample within the water-table (if encountered). 
 
Soil samples were placed in sterile 250 g plastic bags and stored in a dark container on ice 
(<4°C). 
 
Photographs were taken at each bore location of the surroundings, soil profile and any soil 
type of interest. 
 

3.7 Site stratigraphy 
Soil stratigraphy was very consistent across the entire area of sampling, and confirmed the 
findings of desk-top soil and geological information that the profile is dominated by 
calcareous sand, grading to cemented sand/ sandstone, with lenses or horizons of finer 
textured silt and clay (also calcareous).  An organic topsoil layer containing varying 
proportions of silt (loam) and clay was also observed throughout.  Shell fragments were 
common.  Saturated conditions were generally encountered at between one and two metres 
depth (only boreholes BH11, BH21, and BH28-BH30 contained no saturated soil). 
 
Some silt and clay, also calcareous (with shell), was encountered at depth (e.g. borehole 
BH7, BH8, BH9, BH12, BH13, BH20, BH22 and BH26-BH30).  These locations predominate 
towards the lower lying south-eastern corner of the site (see Figure 2).  This stratigraphy is 
consistent with low CASS potential material, however given the frequency of finer textured 
silts and clays, a detailed analytical schedule was considered appropriate. 
 

3.8 Analytical schedule 
As part of the laboratory analytical schedule, 24 primary and four duplicate samples were 
analysed for the acid and/or sulfur trails as per Ahern et al. (2004) and DSE (2008a, Table 5 
p48).  Samples were either frozen and/ or stored on dry ice for delivery to the laboratories.  
Laboratory transcripts and chain of custody documentation, as well as quality control and 
quality assurance (QC/QA) procedures are detailed in Appendix B.  A summary of important 
results is provided in Table 4. 
 
The data presented in Table 4 confirms that there is no risk of acid generation at this site due 
to the presence and oxidation of CASS.  Only four samples (of 28 analysed) contain soil 
sulfur (S) levels greater than the criteria listed in Table 3 of this report (boreholes BH3_2.9-
3.0m, BH5_2.9-3.0m, BH11_2.9-3.0m, and BH20_2.3-2.4m).  However, as shown on Table 
4, these samples have a net acidity (NA) that is in all instances highly negative (i.e. natural 
alkalinity far exceeds any acid generation potential) and therefore these samples were also 
compliant with criteria.  As such, the oxidation potential (OP) or lime requirement (LR) for all 
samples is zero. 
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TABLE 4 SUMMARY OF LABORATORY RESULTS FOR CASS ASSE SSMENT 
 

Sample ID Depth Texture  Acid^ Sulfur Buffering* NAA NAB NAC OP/LR 

 Interval Group TAA TPA A – S POS B – SCR C – TOS ANC Ca+Mg SPOS SCR TOS NA x 1.02 x 1.5 

Units m  kg H2SO4/T kg CaCO3/T 

BH1 2.9-3.0 1 <0.10     <0.61   328     <-327   0 

BH2 0.8-0.9 3 <0.10 <0.10 <0.61       1.54 <-0.93     0 

BH2 2.0-2.1 2        <0.06 5      <-4.9 0 

BH3 0.7-0.8 2 <0.10     <0.61   1.08     <-0.47   0 

BH3 2.9-3.0 1        2.29 40       -38 0 

BH5 2.9-3.0 1 <0.10 <0.10 2.45       367 -365     0 

BH7 2.9-3.0 2 <0.10 <0.10 1.84       678 -676     0 

BH8 2.9-3.0 3 <0.10 <0.10 0.61       179 -178     0 

BH10 0.3-0.4 2        0.15 37       -37 0 

BH10 2.9-3.0 1 <0.10     <0.61   6.9     <-6.3   0 

BH11 2.9-3.0 1 <0.10 <0.10 1.22       209 -208     0 

BH13 2.9-3.0 3 <0.10     <0.61   7.9     <-7.3   0 

BH14  1.1-1.2 2 <0.10     <0.61   715     <-714   0 

BH15 2.9-3.0 1        0.37 36       -36 0 

Criteria   1/2/3 1/2/3 1/2/3 1/2/3 1/2/3   1/2/3 1/2/3 1/2/3  
 
Note(s): 
1. TAA total actual acidity; TPA titratable potential acidity (TSA = TPA-TAA); SCR chromium reducible sulfur; SPOS peroxide oxidisable sulfur; TOS total oxidisable sulfur; ANC acid neutralizing 

capacity; NA net acidity (sulfur + acid – buffering); OP oxidation potential; LR lime requirement 
2. *includes accounting for fineness factor (FF); ^ if pHKCl <4.5 determine retained acidity (SNAS) and determine NA as sulfur + acid + retained acidity– buffering 
3. Texture groups are: 1. Coarse = sands; 2. Medium = sandy loams/silts to light clays; 3. Fine = medium to heavy clays, silty clays 
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TABLE 4 SUMMARY OF LABORATORY RESULTS FOR CASS ASSE SSMENT (CONTINUED) 
 
Sample ID Depth Texture  Acid^ Sulfur Buffering* NAA NAB NAC OP/LR 

 Interval Group TAA TPA A – S POS B – SCR C – TOS ANC Ca+Mg SPOS SCR TOS NA x 1.02 x 1.5 

Units m  kg H2SO4/T kg CaCO3/T 

BH16 2.6-2.7 1 <0.10     <0.61   335     <-334   0 

BH18 2.9-3.0 1 <0.10     <0.61   348     <-347   0 

BH20 2.3-2.4 1        1.1 38       -37 0 

BH21 1.7-1.8 2 <0.10 <0.10 1.22       494 -493     0 

BH21 2.8-2.9 1 <0.10     <0.61   213     <-212   0 

BH22 2.9-3.0 3 <0.10     0.61   5.3     -4.7   0 

SD1   3        1.07 3.5       -2.5 0 

BH24 2.1-2.3 3 <0.10     1.22   6.4     -5.1   0 

BD4   3 <0.10     1.84   6.9     -5.0   0 

BH26 2.8-3.0 3 <0.10     <0.61   65     <-64   0 

SD3   3        0.12 5.9       -5.8 0 

BH27 2.9-3.0 2 <0.10 <0.10 0.61       161 -160     0 

BH28 1.5-1.7 2 <0.10     <0.61   2.11     <-1.5   0 

BD3   2 <0.10     <0.61   3.7     <-3.1   0 

Criteria   1/2/3 1/2/3 1/2/3 1/2/3 1/2/3   1/2/3 1/2/3 1/2/3  
 
Note(s): 
1. TAA total actual acidity; TPA titratable potential acidity (TSA = TPA-TAA); SCR chromium reducible sulfur; SPOS peroxide oxidisable sulfur; TOS total oxidisable sulfur; ANC acid neutralizing 

capacity; NA net acidity (sulfur + acid – buffering); OP oxidation potential; LR lime requirement 
2. *includes accounting for fineness factor (FF); ^ if pHKCl <4.5 determine retained acidity (SNAS) and determine NA as sulfur + acid + retained acidity– buffering 
3. Texture groups are: 1. Coarse = sands; 2. Medium = sandy loams/silts to light clays; 3. Fine = medium to heavy clays, silty clays; BD blind (intra-lab) duplicate; SD split (inter-lab) duplicate 
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4 ASSESSMENT FINDINGS AND ISSUES OF 
CONCERN 

 
Based on the results presented in Table 4, and comparison against the risk criteria listed in 
Table 3, all samples are classified as ‘Class 1 No Risk – No Sulfur’ with the exception of: 

• borehole BH3_2.9-3.0m; 

• borehole BH5_2.9-3.0m; 

• borehole BH11_2.9-3.0m; and 

• borehole BH20_2.3-2.4m. 
 
These four samples (of 28 analysed) are however classified (according to Table 3) as ‘Class 
2 No Risk – Non Reactive’.  Class 1 soil is not acid sulfate soil (NASS).  Class 2 soil, while 
containing elevated S levels, is completely self buffering and requires no form of 
management for CASS.  These findings are confirmed by the complete absence of any 
actual acidity (reported as TAA) or potential acidity (reported as TPA) in any sample 
analysed for these parameters (see Table 4 and Appendix B for results). 
 
This assessment has been undertaken in accordance with DSE (2008a and 2009).  The 
scope of works included: 

• a desktop review of background information including the evaluation of: 

o CASS risk maps; 

o site geology, hydrogeology, soils, vegetation and topography; and 

o the anticipated disturbance caused by the proposed development; and 

• a detailed field assessment including soil sampling and laboratory analysis that 
complied with the requirements of DSE (2008a) and Ahern et al. (1998). 

 
The proposed development of the site was assessed against DSE (2008a and 2009).  Other 
legislation and guidelines associated with the management of CASS that have been referred 
to and complied with includes ASSMAC (1998 and 2000), EPA Victoria (1999), and the 
IWMP (WASS). 
 
As such, there are no issues of concern at this site associated specifically with CASS. 
 
 

5 CONCLUSIONS 
 
It is my opinion that the information provided in this statement of evidence has demonstrated 
that the site, now and in the future, does not pose a risk to the environment, engineered 
structures, or human health as result of the potential for the presence of coastal acid sulfate 
soil (CASS).  I have concluded that there is no perceived potential for soil acidification as a 
result of the oxidation of natural soil sulfides (S). 
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Therefore, based on the CASS risk management process (DSE 2008a), works can proceed 
and/ or approvals be made on the basis of the CASS status of the site (i.e. no specific CASS 
management is necessary or should be required). 
 
There is a high probability that CASS occur in other areas of Barwon Heads (refer to Figure 3 
of this report as well as Environmental Earth Sciences 2008c, Fitzpatrick et al. 2007, 
Fitzpatrick et al. 2006, GSV 1980, DPI 2003 and DSE 2009).  This should be considered in 
planning the future development of Barwon Heads, as per the requirements of DSE (2009). 
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7 LIMITATIONS 
 
This report has been prepared by Environmental Earth Sciences VIC ABN 13 109 404 024 in 
response to and subject to the following limitations: 

1. The specific instructions received from Minter Ellison on behalf of Macafee Investments 
Pty Ltd; 

2. The specific scope of works set out in PO209140 dated 30 July 2009 issued by 
Environmental Earth Sciences VIC to Macafee Investments Pty Ltd; 

3. This report comprises the formal report, documentation sections, tables, figures and 
appendices as referred to in the index to this report and must not be released to any 
third party or copied in part without all the material included in this report for any reason; 

4. The report only relates to the site referred to in the scope of works being located at 1920 
Barwon Heads Road, Barwon Heads, Victoria (“the site”); 

5. The report relates to the site as at the date of the report as conditions may change 
thereafter due to natural processes and/or site activities; 
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6. No warranty or guarantee is made in regard to any other use than as specified in the 
scope of works and only applies to the depth tested and reported in this report,  

7. Fill, soil, groundwater and rock to the depth tested on the site may be fit for the use 
specified in this report.  Unless it is expressly stated in this report, the fill, soil and/or rock 
may not be suitable for classification as clean fill if deposited off site; and 

8. Our General Limitations set out at the back of the body of this report. 
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ENVIRONMENTAL EARTH SCIENCES GENERAL 
LIMITATIONS 
 
Scope of services 
The work presented in this report is Environmental Earth Sciences response to the specific scope of works 
requested by, planned with and approved by the client.  It cannot be relied on by any other third party for any 
purpose except with our prior written consent.  Client may distribute this report to other parties and in doing so 
warrants that the report is suitable for the purpose it was intended for.  However, any party wishing to rely on this 
report should contact us to determine the suitability of this report for their specific purpose. 
 
Data should not be separated from the report 
A report is provided inclusive of all documentation sections, limitations, tables, figures and appendices and should 
not be provided or copied in part without all supporting documentation for any reason, because misinterpretation 
may occur. 
 
Subsurface conditions change 
Understanding an environmental study will reduce exposure to the risk of the presence of contaminated soil and 
or groundwater.  However, contaminants may be present in areas that were not investigated, or may migrate to 
other areas.  Analysis cannot cover every type of contaminant that could possibly be present.  When combined 
with field observations, field measurements and professional judgement, this approach increases the probability 
of identifying contaminated soil and or groundwater.  Under no circumstances can it be considered that these 
findings represent the actual condition of the site at all points. 
 
Environmental studies identify actual sub-surface conditions only at those points where samples are taken, when 
they are taken.  Actual conditions between sampling locations differ from those inferred because no professional, 
no matter how qualified, and no sub-surface exploration program, no matter how comprehensive, can reveal what 
is hidden below the ground surface.  The actual interface between materials may be far more gradual or abrupt 
than an assessment indicates.  Actual conditions in areas not sampled may differ from that predicted.  Nothing 
can be done to prevent the unanticipated.  However, steps can be taken to help minimize the impact.  For this 
reason, site owners should retain our services. 
 
Problems with interpretation by others 
Advice and interpretation is provided on the basis that subsequent work will be undertaken by Environmental 
Earth Sciences VIC.  This will identify variances, maintain consistency in how data is interpreted, conduct 
additional tests that may be necessary and recommend solutions to problems encountered on site.  Other parties 
may misinterpret our work and we cannot be responsible for how the information in this report is used.  If further 
data is collected or comes to light we reserve the right to alter their conclusions. 
 
Obtain regulatory approval 
The investigation and remediation of contaminated sites is a field in which legislation and interpretation of 
legislation is changing rapidly.  Our interpretation of the investigation findings should not be taken to be that of 
any other party.  When approval from a statutory authority is required for a project, that approval should be 
directly sought by the client. 
 
Limit of liability 
This study has been carried out to a particular scope of works at a specified site and should not be used for any 
other purpose.  This report is provided on the condition that Environmental Earth Sciences VIC disclaims all 
liability to any person or entity other than the client in respect of anything done or omitted to be done and of the 
consequence of anything done or omitted to be done by any such person in reliance, whether in whole or in part, 
on the contents of this report.  Furthermore, Environmental Earth Sciences VIC disclaims all liability in respect of 
anything done or omitted to be done and of the consequence of anything done or omitted to be done by the client, 
or any such person in reliance, whether in whole or any part of the contents of this report of all matters not stated 
in the brief outlined in Environmental Earth Sciences VIC’s proposal number and according to Environmental 
Earth Sciences general terms and conditions and special terms and conditions for contaminated sites. 
 
To the maximum extent permitted by law, we exclude all liability of whatever nature, whether in contract, tort or 
otherwise, for the acts, omissions or default, whether negligent or otherwise for any loss or damage whatsoever 
that may arise in any way in connection with the supply of services.  Under circumstances where liability cannot 
be excluded, such liability is limited to the value of the purchased service. 
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FIGURES 
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APPENDIX A MARK STUCKEY CURRICULUM 
VITAE 
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APPENDIX B LABORATORY TRANSCRIPTS AND 
CHAIN OF CUSTODY FORMS
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APPENDIX C SPREADSHEET OF CHEMICAL 
RESULTS 


