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Executive summary 

Objectives 
The purpose of this report is to detail the implementation of the Sampling and Analysis Plan and 
characterise the contamination status of the sediments within the proposed Channel Duplication area 
to be dredged (the investigation area). The objectives of this investigation are: 

 Undertake sediment sampling, analysis and reporting in accordance with the approved Sampling 
and Analysis Plan 

 Provide a statistically valid assessment of the material to be dredged to meet the minimum 
sampling requirements for the investigation area and estimated dredging volume under the National 
Assessment Guidelines for Dredging (NAGD) (2009) 

 Analysis of the sediments within the investigation area for a range of physical and chemical 
parameters and comparison of contaminant concentrations against the NAGD (2009) and other 
relevant guideline criteria 

 Determine the suitability of the material to be dredged for offshore dredged material placement or 
reclamation activities 

 Support the Environmental Impact Statement for the Port of Gladstone Gatcombe and Golding 
Cutting Channel Duplication Project. 

Methodology 
The site investigation was carried out by Aurecon in accordance with the approved Sampling and 
Analysis Plan (refer Appendix A), NAGD (2009) requirements, relevant legislation, standards and 
guidelines. The geochemical investigation was undertaken between 2 February and 28 February 
2015. 

A total of 78 locations within the investigation area were drilled and assessed during the investigation.  

A vibrocorer, operated by Seas Offshore aboard the vessel “Shackleton”, was used to collect sediment 
cores at 63 locations. A hand-held GPS device was used to position the vessel within 10m of each 
sample location. Sediment cores were cut into 1.0m lengths, split horizontally, photographed and 
logged prior to sampling. 

Sediment samples were also taken at 15 additional locations in the underlying consolidated natural 
geological materials, in conjunction with the geotechnical investigation drilling undertaken using the 
Ocean Driller II jack-up barge, between 9 March and 4 May 2015. 

The primary analysis of sediment samples was conducted by ALS Environmental with Eurofins as the 
secondary laboratory to analyse inter-laboratory duplicate samples. Both laboratories are NATA 
accredited for the analytical methods used. 

Results 
Where guideline value exist under NAGD (2009), an assessment against these was undertaken. 
Where no values are present under NAGD (2009), a comparison against locally derived reference 
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values and other locally derived reference data (equivalent to the NAGD (2009) term regional ambient 
baseline levels) was undertaken. 

The 95% upper confidence level (UCL) of all parameters analysed were below the relevant NAGD 
(2009) screening levels. A small number of arsenic, chromium and nickel samples demonstrated 
concentrations slightly above the NAGD screening levels; however, none of these exceedances were 
recorded at levels greater than their respective NAGD high levels.  

Manganese was also recorded at elevated concentrations within the samples. While the deeper 
sediments did report a 95% UCL for manganese that was higher than the 500mg/kg EIL, these 
concentrations are likely to be naturally occurring and are consistent with levels previously reported 
within the Port Curtis area in previous studies (e.g. Angel et al. 2012; GHD 2009a), below values 
observed by Anastasi and Wilson (2010) in Port Curtis of up to 9,000mg/kg, and below the average 
abundance for manganese (850mg/kg) observed in Australian soils (AusIMM 2011). 

Dioxin concentrations detected across Port Curtis were below the Dutch Intervention Levels and the 
Canadian sediment quality guidelines. In addition, dioxin concentrations were consistent with previous 
testing undertaken by Department of Environment and Heritage Protection (EHP) in 2012 and were 
typical of estuaries around Australia when compared with the National Dioxins Program (Müller et al. 
2004). 

The investigation also identified the presence of acid sulfate soils within a small portion of the 
investigation area. 

Conclusions 
Geochemical results from this investigation have demonstrated that the sediment from the 
investigation area and the area to be dredged is clean as per NAGD (2009) and is therefore 
chemically suitable for unconfined dredged material placement at sea and is chemically suitable for 
placement within a reclamation area within or adjoining Port Curtis. Therefore, further testing such as 
elutriates and bioavailability testing is not required. 

The appraisal of laboratory and field QA/QC procedures and assessments indicates that the results 
comply with the NAGD (2009) requirements. The analytical results are therefore representative of the 
physical and chemical characteristics of the sediment. 

Compliance of the Project geochemical investigation with the approved SAP and NAGD (2009) is 
demonstrated by: 

 Drilling and sampling has been undertaken to full depth of sediment that has the potential to be 
contaminated (0.3m below seabed surface) 

 Physical testing of the consolidated natural geological materials has occurred as part of the 
concurrent geotechnical investigation to determine particle size distribution (PSD) to input into 
hydrodynamic modelling and potential water quality impact assessment (i.e. turbidity movement and 
behaviours of the dredged material sediment) 

 Sampling used vibrocoring process, a NAGD recognised approved device for undertaking 
geochemical sampling. Grab sampling was undertaken where refusal occurred at the surface of the 
seabed and no sample was retrieved from the vibrocore barrel. 

 Additional sediment sampling and laboratory analysis for metals and metalloids was undertaken in 
the underlying consolidated natural geological materials, in conjunction with the geotechnical 
investigation in 15 additional locations (above the 63 locations within the approved SAP) to collect 
information on metals and metalloids that have previously been demonstrated to be naturally 
occurring within Port Curtis. 
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1.1 Background 
The Port of Gladstone is located along the Capricorn Coast of Central Queensland, approximately 
525km north of Brisbane. The outer Port limits extend east of Port Curtis, past the adjoining Curtis and 
Facing Islands. The southern Port limits extend to the northern tip of Hummock Hill Island, near 
Tannum Sands, and the northern Port limit is located within the upper sections of an estuarine 
passage known as The Narrows. The main shipping entrance to the Port enters in at the southern 
extent, through the Boyne River estuary, and onto Fisherman’s Landing.  

The Port of Gladstone is Queensland’s largest multi-commodity port, with RG Tanna Coal Terminal in 
the 2013/14 reporting period being the world’s fourth largest coal export terminal (by throughput) in the 
world. Cumulatively, the Port handles the export of mineral resources from Central Queensland and 
products from local industries, and the import of raw materials from national and international sources 
(GPC 2014).  

The Port of Gladstone is also one of the busiest ports in Australia, vital to the local, state and national 
economies. Major exports from the Port include coal, alumina, cement, petroleum, aluminium and 
agricultural resources. 

Gladstone Ports Corporation (GPC) is responsible for the control and management of port 
infrastructure and cargo handling operations for coal and other products at the Port of Gladstone, Port 
of Rockhampton and Port of Bundaberg. GPC provides and maintains vital shipping channels within 
the Port and is responsible for the development, management and leasing of Strategic Port Land 
(SPL). GPC is also directly responsible for road infrastructure, pilotage services, towage services 
(through an exclusive licence), property services on SPL, community parklands, quarantine and waste 
disposal services and the Gladstone Marina.  

GPC has identified the need to duplicate the existing Gatcombe and Golding Cutting shipping 
channels to accommodate a predicted increase in shipping traffic as a result of ongoing industrial 
growth within the Port. The duplicate channels are proposed to be developed adjacent to the existing 
shipping channel, facilitating two-way shipping traffic from the outer harbour. 

1.2 Environmental impact statement 
The proposed Gatcombe and Golding Cutting Channel Duplication Project (herein referred to as ‘the 
Project’) was declared a ‘coordinated project’ by the Queensland Coordinator-General (CG) under the 
State Development and Public Works Organisation Act 1971 (SDPWO Act) on 25 September 2012. 
The Project was also determined to be a ‘controlled action’ requiring an Environmental Impact 
Statement (EIS) by the Commonwealth Minister for the Environment under the Environment Protection 
and Biodiversity Conservation Act 1999 (EPBC Act) on 23 October 2012. 

1 Introduction 
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GPC is currently proceeding with the EIS phase of the Project. The EIS will be submitted for 
assessment to both the Queensland State Government under the SDPWO Act and the 
Commonwealth Department of the Environment (DoE) under the EPBC Act. The Project originally had 
the potential to undertake activities (e.g. placement of dredged material) within the Great Barrier Reef 
Marine Park (GBRMP), which are assessable under the Great Barrier Reef Marine Park Regulations 
1983 (GBRMP Reg). 

1.3 Dredging and dredged material placement 
1.3.1 Dredging 
The dredging component of the Project involves the duplication of the existing Gatcombe and Golding 
Cutting shipping channels that will provide a duplicate channel parallel to the main shipping channel, 
facilitating two-way passage. The location of the investigation area for the Channel Duplication Project 
is shown in Figure 1.1.  

The proposed duplicate channel will be approximately 14km long and dredging is proposed to be 
undertaken to an ultimate depth of -16.1 metres (m) lowest astronomical tide (LAT), with a channel 
width (toe to toe) of 200m (refer Figure 1.1). The channel area is approximately 382 hectares (ha), 
however, due to the existing bathymetry in the Port of Gladstone, the total area requiring dredging (i.e. 
above -16.1m LAT) is less, being 247.8ha. This equates to approximately 12.6Mm³ of seabed material 
(including dredging tolerance) requiring removal and placement during the project.  

Two dredging and placement campaign options are proposed and will be selected upon availability of 
dredging equipment and operations within the Port of Gladstone. The likely volumes and timing of 
each campaign option are outlined in Table 1.1. 

Table 1.1 Dredging campaign and staging options, location and volumes  

Stage Location Timeframe – 
likely start date 
or later (duration) 

Design 
depth (m 
LAT) 

Volume 
(Mm3)* 

Disturbance 
area to be 
dredged (ha) 

Option 1 – two staged dredging campaign 

1 Gatcombe and Golding Cutting 
Channels 

Q4 2018 or later 
(12 months) 

-13.5 7.25 179.6^  

2 Gatcombe and Golding Cutting 
Channels 

2022 or later          
(8 months) 

-16.1 5.35 247.8 

Option 2 – one stage dredging campaign 

- Gatcombe and Golding Cutting 
Channels 

Q4 2018 or later 
(20 months) 

-16.1 12.6 247.8 

Table notes: 
* Includes 0.3m (depth) allowance for average dredging tolerance 
^ Different disturbance area to be dredged as part of Option 1, Stage 1 is due to some parts of the channels already being equal 
to or deeper than -13.5m  
Q4 = fourth quarter of a calendar year (i.e. October to December) 
 

There is the potential for the commencement of dredging to be after 2018, subject to actual and 
predicted Port throughput and associated vessel movements over the next 5 to 10 years. 

1.3.2 Dredging methodology 
The dredging methodology adopted for the Project will be subject to the Maritime Safety Queensland 
(MSQ) Regional Harbour Master acceptance of the successful dredging contractor’s detailed 
execution plan. The dredging contractor will also comply with MSQ’s Standard for Marine Construction 
Activities within Gladstone Harbour (DTMR 2012). 
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A combination of different dredging vessels are likely to be used for the Project, including: 

 Trailing suction hopper dredger (TSHD) 
 Cutter suction dredger (CSD). 

The preferred method of dredging and size/capacity of the dredger equipment are dependent on a 
number of factors, which will have implications on how the material can be dredged, transported and 
placed at the preferred dredged material placement location, including: 

 Design of the area to be dredged 
 Nature of material to be dredged (e.g. the stiffness of material) 
 Quantities of materials to be dredged 
 Depth of water (i.e. to maintain the vessel’s required underkeel clearance) 
 Sea conditions (e.g. wind, waves, currents) 
 Environmental considerations  
 Distance, availability and accessibility of dredged material placement location 
 Maintaining navigability of existing shipping channels 
 Required schedule 
 Equipment availability. 

1.3.3 Dredged material placement 
This investigation assessed four potential dredged material placement areas (DMPAs), which are 
outlined in Table 1.2 and presented in Figure 1.2, and include: 

 East Banks Expansion DMPA – at sea placement within Port limits 
 West Banks Island DMPA – island reclamation 
 Port Central Expansion DMPA – land based and intertidal reclamation 
 Western Basin Expansion DMPA – intertidal reclamation. 
Table 1.2 Summary of potential DMPAs 

DMPA Placement 
type 

Location 

East Banks 
Expansion DMPA  

Offshore (at 
sea) 

Within Port limits and outside the Great Barrier Reef Marine Park (GBRMP) 
and extends from the boundary of the existing East Banks DMPA to the 
north, east and west 

West Banks 
Island DMPA 

Island 
reclamation 

Between Boyne Island and the Gatcombe Channel, to the south of the 
existing shipping channel. Southeast of the South Trees Wharves and Boyne 
Wharf. 

Port Central 
Expansion DMPA 

Land based 
and 
intertidal 
reclamation 

South of the existing Barney Point Wharf and Coal Terminal, the Barney 
Point residential area of Gladstone and north of QAL located at Parsons 
Point. It is to the south of the existing Auckland Channel and north of South 
Trees Wharves. 

Western Basin 
Expansion DMPA 

Intertidal 
reclamation 

North of the existing Western Basin reclamation area and south of the 
Narrows 

 
For Port Central Expansion DMPA, only the sediments below highest astronomical tide (HAT) were 
assessed during the Project geochemical investigation. The sediments and soils within the area above 
HAT (i.e. the upper intertidal and terrestrial portions of the DMPA) will be assessed during a separate 
investigation. 

1.4 Purpose of this report 
A Sampling and Analysis Plan (SAP) for the investigation area and area to be dredged as part of the 
Project, has been approved by the Commonwealth DoE and the Queensland Department of 
Environment and Heritage Protection (EHP) and is provided in Appendix A. 
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The purpose of this report is to detail the implementation of the SAP and characterise the 
contamination status of the sediments within the area to be dredged (the investigation area). The 
objectives of the sediment investigation are to: 

 Undertake sediment sampling, analysis and reporting in accordance with the approved SAP 

 Provide a statistically valid assessment of the material to be dredged to meet the minimum 
sampling requirements for the investigation area and estimated volume to be dredged under the 
National Assessment Guidelines for Dredging (NAGD) (2009) 

 Analysis of the sediments within the investigation area for a range of physical and chemical 
parameters and comparison of contaminant concentrations against the NAGD (2009) and other 
relevant guideline criteria 

 Determine the suitability of the material to be dredged for offshore dredged material placement or 
reclamation activities 

 Support the EIS. 

This SAP Implementation Report addresses Phase II – sampling and analysis of sediments as 
detailed in NAGD (2009). 

A separate implementation report has been prepared for the sediment characterisation at the potential 
DMPAs. 

1.5 Sediment investigation framework 
1.5.1 Summary 
The assessment of Project data has been undertaken in a staged process. This is to comply with 
NAGD (2009) where a contaminant does not have a screening level and to account for placement of 
dredged material in a reclamation. The sediment investigation framework staged process included: 

 A compliance assessment undertaken for potential contaminants of concern, where guideline 
values exist under NAGD (2009) 

 Where no guideline values exist under NAGD (e.g. iron), a comparison against locally derived 
reference values and other locally derived reference data was undertaken. This is in compliance 
with the NAGD (2009) requirement that where contaminants are identified for which there are no 
screening levels, these contaminant concentrations should be compared against regional ambient 
baseline levels. 

 A comparison against terrestrial background values, such as QLD Draft Guidelines for the 
Assessment & Management of Contaminated Land in Queensland (both background and EILs), 
Australasian Institute of Mining & Metallurgy (background range) and the Dutch Intervention Levels 
was undertaken. 

Further detail is provided in the sections below. 

1.5.2 Guidelines 
Where guidelines values exist, such as NAGD (2009), a compliance assessment against these 
guideline values will be undertaken. 

1.5.2.1 National Assessment Guidelines for Dredging (NAGD) 
The objective of the NAGD (2009) is to apply a regulatory framework to ensure the impacts of dredged 
material loading and dredged material placement are adequately assessed and, when offshore 
dredged material placement is permitted, that impacts are managed responsibly and effectively. 

Where NAGD (2009) provides guideline values for potential contaminants of concern, an assessment 
of the data has been undertaken against these values.  
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NAGD (2009) provides screening levels for a range of contaminants, based on the interim sediment 
quality guidelines (ISQGs) developed by ANZECC/ARMCANZ (2000) and updated by Simpson et al. 
(2008; 2013). If the 95% upper confidence limit (UCL) of a contaminant exceeds the specified 
screening level, it is considered a contaminant of potential concern and requires further investigation. 

Where contaminants exceed the Sediment Quality Guidelines – High (SQG – High), the sediment is 
considered to be significantly contaminated with a consequent risk of bioaccumulation in invertebrates. 
In this instance, bioaccumulation testing will be required. 

A chemical analysis of the sediments within the investigation area compared against NAGD (2009) is 
provided in Section 4. 

1.5.3 Locally derived reference values 
NAGD (2009) states that where contaminants are found for which there are no screening levels, these 
contaminant concentrations should be compared against regional ambient baseline levels. The 
sections below summarise existing locally derived reference values for Port Curtis, which are 
consistent with NAGD (2009) defined regional ambient baseline levels. 

1.5.3.1 Port Curtis Integrated Monitoring Program 
The Port Curtis Integrated Monitoring Program (PCIMP) was established in 2001 as a consortium of 
members from 16 bodies representing industry, government (both local and state), research 
institutions and other stakeholders to develop a cooperative monitoring program for assessing the 
ecosystem health of Port Curtis, and to ensure the environmental sustainability of the Port of 
Gladstone. 

To help assess the ecosystem health of Port Curtis, sediments were sampled every three years by 
PCIMP (2011). Water quality was assessed more frequently as contaminants in sediment are less 
dynamic than those in water and are therefore unlikely to change in the short term. Samples were 
analysed for metals and nutrients with results used as a background measurement for ecosystem 
health within Port Curtis. 

The ecosystem health (EH) values for sediment were derived from the 95th percentile of background 
data collected during the PCIMP monitoring and the worst case scenario (WCS) values are 10 times 
the EH values (PCIMP 2011). The PCIMP EH values have been adopted by this investigation as 
locally derived reference values where no NAGD (2009) screening levels are provided. 

1.5.3.2 Metal Concentrations in the Waters and Sediments of Port Curtis, Queensland 
Angel et al. (2012) conducted an investigation of water and sediment quality within Port Curtis on 
behalf of the Commonwealth Scientific and Industrial Research Organisation (CSIRO). Results were 
collected from 6 to 8 December 2011 from 21 sites within the general area of Port Curtis, the southern 
Narrows and Rodds Bay, with more detailed sampling in the vicinity of Western Basin and the liquefied 
natural gas (LNG) facilities (Angel et al. 2012). Samples were collected from the surface sediments 
using a stainless steel Van Veen grab sampler. 

Results from this investigation have been adopted as locally derived reference values where no NAGD 
(2009) screening levels are provided, including aluminium, iron, cobalt, manganese, selenium and 
vanadium. 

1.5.3.3 Report for Western Basin Dredging and Disposal Project – Sediment Quality 
Assessment 

GHD (2009a) conducted the sediment quality assessment for the Western Basin Dredging and 
Disposal Project (WBDDP). Sampling was conducted within the Western Basin area between 16 
November 2008 and 17 June 2009 using a combination of vibrocoring, push tubes, standard 
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penetration tests and rotary drilling methods. Boreholes were drilled to various depths, ranging from 
5.3 to -22.4m LAT, and over 1,000 sediment samples were collected (GHD 2009a). 

Results from this investigation have been adopted as locally derived reference values where no NAGD 
(2009) screening levels are provided, including aluminium, iron, cobalt, manganese, selenium and 
vanadium. 

1.5.3.4 National Dioxins Program 
There are no guideline values for dioxins or dioxin-like chemicals in sediments in Australia. However, 
under the National Dioxins Program (Müller et al. 2004), 75 sediment samples collected from 62 
locations across Australia were analysed for dioxins and dioxin-like chemicals. These sediment 
samples were distributed within different aquatic environments (i.e. fresh, estuarine and marine), 
various States and Territories, and different land uses (i.e. urban/industrial, agricultural and remote). 

The National Dioxins Program reported concentrations of dioxins and dioxin-like chemicals as the sum 
of tetra- to octachlorinated PCDD/PCDF concentrations (Müller et al. 2004). 

The National Dioxins Program provides a national baseline for dioxins and dioxin-like chemicals in 
sediments against which results from this investigation can be compared. 

1.5.4 Terrestrial background values 
A comparison against terrestrial background values was also undertaken for manganese and dioxins. 
Manganese is a naturally occurring metal in Port Curtis, which means it is not of anthropogenic origins 
in Port Curtis, and the source of the manganese is from geologic formations (i.e. Wandilla Formation) 
which occur in both upstream terrestrial and marine environments in Port Curtis. Terrestrial 
background values representative for Queensland and Australia are therefore considered acceptable 
for comparison against Project data as a regional ambient baseline level (as defined in NAGD (2009)). 

There are no Australian guidelines for dioxins in soils/sediments and as such, the Dutch Intervention 
Levels have been used to determine potential dioxin contamination in the sediments and the risk to 
human health and the environment. 

Terrestrial background values are also considered appropriate for this Project as dredged material will 
be placed in a reclamation area for this Project. 

1.5.4.1 Draft Guidelines for the Assessment and Management of Contaminated Land in 
Queensland 

The Draft Guidelines for the Assessment and Management of Contaminated Land in Queensland 
(Environmental Protection Agency (EPA) 1998) were adopted for manganese as no NAGD screening 
level exists. While these guidelines were developed to provide best practice for managing land 
contamination, the Environmental Investigation Levels (EILs) have been adopted for comparison with 
manganese concentrations in conjunction with ambient background levels from the Port of Gladstone. 
The EIL for manganese was also previously adopted by the WBDDP. 

1.5.4.2 Field Geologists’ Manual 
The Australasian Institute of Mining & Metallurgy (AusIMM) (2011), Field Geologist’s Manual, Fifth 
Edition, provides the average abundance of various metals and metalloids in Australian soils. These 
values have been adopted as a terrestrial background value where no NAGD (2009) screening levels 
are provided. 

1.5.4.3 Dutch Intervention Levels 
The Dutch Target and Intervention Values, produced by the Dutch Ministry of Housing, Spatial 
Planning and the Environment (2000), provide an indication of when the functional properties of the 
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soil for humans, plant and animal life is seriously impaired or threatened. They are representative of 
the level of contamination above which there is a serious case of soil contamination. 

The Dutch Target and Intervention Values provide the following concentrations for various 
contaminants: 

 Background concentrations in soil and groundwater 

 Target values for soil and groundwater to indicate the level at which there a sustainable soil quality 

 Intervention levels where there is a serious case of soil or groundwater contamination 

Given dredged material will be placed in a reclamation area for this Project, and an absence of locally 
derived reference values for dioxins, the Dutch Target and Intervention Values provide the most 
relevant guideline value for dioxin concentrations. 

1.5.5 Adopted guidelines 
Table 1.3 outlines the guideline values adopted for sediment quality during this investigation. Locally 
derived reference values and terrestrial background values are provided in Table 3.1. 

Table 1.3 Sediment quality guidelines 

Chemical Units NAGD (2009) screening level1 NAGD (2009) high level1 

Aluminium mg/kg - - 

Iron mg/kg - - 

Antimony mg/kg 2 25 

Arsenic mg/kg 20 70 

Cadmium mg/kg 1.5 10 

Chromium mg/kg 80 370 

Cobalt mg/kg - - 

Copper mg/kg 65 270 

Lead mg/kg 50 220 

Mercury mg/kg 0.15 1 

Manganese mg/kg - - 

Nickel mg/kg 21 52 

Selenium mg/kg - - 

Silver mg/kg 1.0 3.7 (4.0) 

Vanadium mg/kg - - 

Zinc mg/kg 200 410 

Tributyltin (2) μg Sn/kg 9 70 

TRH C6-C10(2) mg/kg - - 

TRH >C10-C16(2) mg/kg - - 

TRH >C16-C34(2) mg/kg - - 

TRH >C34-C40(2) mg/kg - - 

Total TRH(2) mg/kg 550 (280) - (550) 

Total PCB(2) μg/kg 23 (34) - (280) 

Total PAH(2) μg/kg 10,000 45,000-50,000 (50,000) 
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Chemical Units NAGD (2009) screening level1 NAGD (2009) high level1 

DDD(2) μg/kg 2 (3.5) 20 (9.0) 

DDE(2) μg/kg 2.2 (1.4) 27 (7.0) 

Total DDT(2) μg/kg 1.6 (1.2) 46 (5.0) 

Dieldrin(2) μg/kg 280 (2.8) 270 e/ 620 (7.0) 

Chlordane(2) μg/kg 0.5 (4.5) 6 (9.0) 

Lindane(2) μg/kg 0.32 (0.9) 1.0 (1.4) 

Endrin(2) μg/kg 10 (2.7) 120 e/ 220 (60) 

Dioxins(2) μg/kg - - 

Ammonia as N mg/kg - (4) - (4.5) 

Total phosphorus mg/kg - - 

Total nitrogen mg/kg - - 

Benzene μg/kg - - 

Toluene μg/kg - - 

Ethylbenzene μg/kg - - 

Xylene μg/kg - - 

Table notes: 1 Values provided in brackets represent revised sediment quality values as provided in Simpson et al. (2013) 
(unpublished) 
2 For comparison to revised sediment quality values (Simpson et al. 2013), concentrations were normalised to 
1.0% total organic carbon 

1.5.6 Acid sulfate soils 
The Guidelines for Sampling and Analysis of Lowland Acid Sulfate Soils (ASS) in Queensland 1998 
(Ahern et al. 1998) outlines action criteria at which there is a significant environmental risk from ASS. 
Table 1.4 details the action criteria, which is dependent on the clay content of the sediment and the 
volume of sediment disturbed. Given the quantity of material to be dredged, the most conservative 
action criteria was used during this assessment. 

Table 1.4 Action criteria for ASS analysis 

Sediment type Clay 
content 
(%) 

Action criteria 
(1-1,000 tonnes disturbed) 

Action criteria 
(>1,000 tonnes disturbed) 

Sulfur trail 
(%S oxidisable) 

Acid trail 
(mol H+/tonne) 

Sulfur trail 
(%S oxidisable) 

Acid trail 
(mol H+/tonne) 

Coarse (sand – 
gravel) 

≤ 5 0.03 18 0.03 18 

Medium (sandy loam 
– light clay) 

5-40 0.06 36 0.03 18 

Fine (medium to 
heavy clay) 

≥ 40 0.1 62 0.03 18 

1.6 Data quality objectives and indicators 
1.6.1 Data quality objectives 
Data quality objectives (DQOs) are qualitative and quantitative statements derived from the outputs of 
the first six steps of the seven step DQO process that: 

 Clarify the study objective 
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 Define the most appropriate type of data to collect 

 Determine the most appropriate conditions from which to collect data 

 Specify tolerable limits on decision errors which are used as the basis for establishing the quantity 
and quality of data needed to support the decision. 

The DQO process (AS4482.1-2005) follows a systematic approach for defining the criteria that a data 
collection design should satisfy, including the number of samples and when, where and how to collect 
these samples. DQOs are employed to develop a scientific and resource-effective data collection 
design to assure decision makers that the type, quantity and quality of environmental data are 
appropriate for the intended application. In addition, decision makers guard against committing 
sources to data collection efforts that do not support defensible decisions. 

The DQOs for this SAP have been developed to define the type and quality of data required to 
achieve the Project geochemical investigation objectives stated in Section 0. The DQOs were selected 
with reference to relevant guidelines published by the NAGD (2009) and the ANZECC/ARMCANZ 
(2000), which define minimum data requirements and quality control procedures. 

These matters are addressed in the seven step DQO approach presented in Table 1.5. 

Table 1.5 Data quality objectives 

Process Response 

Step 1: State the Problem The contamination status of the material to be dredged is required to be 
assessed in accordance with the requirements outlined in the NAGD (2009) 

Step 2: Identify the Decision The principle objectives of this report are as follows: 

 Undertake sediment sampling, analysis and reporting in accordance with the 
approved SAP 

 Provide a statistically valid assessment of the material to be dredged to meet 
the minimum sampling requirements for the investigation area and estimated 
volume to be dredged under NAGD (2009) 

 Analysis of the sediments within the investigation area for a range of physical 
and chemical parameters and comparison of contaminant concentrations 
against the NAGD (2009) and other relevant guideline criteria 

 Determine the suitability of the material to be dredged for offshore dredged 
material placement or reclamation activities 

 Support the EIS 

Step 3: Identify the Inputs to 
the Decision 

 Dredging design depth and volume 

 Previous investigations within the Port of Gladstone 

 Industries and potential pollutant sources within the Port of Gladstone 

 History of dredging and sea dumping within the Port of Gladstone 

 Field data and laboratory analysis 

 Adopted guideline criteria for sediments 

Step 4: Define the 
Boundaries of the Study 

The ultimate design depth of the area to be dredged is -16.1m LAT, which 
defines the boundaries of the area to be dredged (refer Figure 1.1) 

Step 5: Develop a Decision 
Rule 

The assessment programme has been designed to characterise the sediments 
to be dredged using the sediment quality guideline criteria outlined in Section 
1.5.3 



 

 

 
Project 245852-004-REP-NN-001  File Sampling and Anlaysis Plan Implementation Report (area to be dredged) 

Rev2.docx  25 November 2015  Revision 2  Page 10 
 

Process Response 

Step 6: Specify Tolerable 
Limits on Decision Errors 

The data quality indicators (DQIs) have been established to set acceptance 
limits on field and laboratory data collected during the investigation  

Step 7: Optimise the Design 
for Obtaining Data 

The SAP was developed in accordance with the NAGD 2009. Nominated 
samples judged as being representative of sediment values were submitted for 
analysis. Samples were analysed by a National Association of Testing 
Authorities (NATA) accredited laboratory within approved sample withholding 
times. 

1.6.2 Data quality indicators 
The DQIs for the assessment are presented in Table 1.6. 

Table 1.6 Data quality indicators 

DQI Field Laboratory Acceptability 
limits 

Completeness  Sediment to be dredged may 
pose a potential risk to health, 
safety and the environment 
and requires investigation to 
characterise and assess the 
suitability for dredged material 
placement  

 Appropriate sampling 
procedures to be used 

 Experienced field team to 
undertake sampling 

 Correct documentation to be 
completed 

 All required samples 
analysed 

 Appropriate methods 

 Appropriate limits of 
reporting (LORs) 

 Appropriate practical 
quantification limits (PQLs) 

 Sample documentation 
correct 

 Sample holding times in 
compliance 

As per NAGD 
(2009) and 
Simpson et al. 
(2013) 
(unpublished) 

Comparability  Correct sample procedures 
used at each location 

 Experienced field team 

 Same type (medium, volume 
and sampling technique) of 
samples collected 

 Same analytical methods 
used 

 Appropriate LORs 

 Samples submitted to the 
same NATA accredited 
laboratory 

 Analytical data is presented 
in the same unit 

As per NAGD 
(2009)  

Representativenes
s 

 Appropriate media sampled 

 All media identified (i.e. 
sediment) 

 All required samples 
analysed  

As per NAGD 
(2009) 

Precision  Correct sample procedures 
used at each location 

 Collection of appropriate 
quality assurance (QA) and 
quality control (QC) samples 

Analysis of: 

 Duplicate samples 

 Laboratory duplicate 
samples 

Relative percent 
deviation (RPD) 
or relative 
standard 
deviation (RSD) 
of 30-50% 
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DQI Field Laboratory Acceptability 
limits 

Accuracy  Sampling procedures 
appropriate and complied with 

 Collection of appropriate 
QA/QC samples 

Analysis of: 

 Method blanks 

 Laboratory surrogate spikes 

 Laboratory control samples 

 Reference material 

 Non-detect for 
contaminants 
of concern 

 70-130% 
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2.1 Sampling and Analysis Plan 
The SAP for the Project was approved by DoE on 19 June 2014 and by EHP on 27 May 2014. 
Sampling and analysis of sediments was undertaken in accordance with the approved SAP and 
NAGD (2009) requirements. The approved SAP is provided in Appendix A. 

2.2 Fieldwork programme 
The initial geochemical sediment investigation was undertaken between 2 February and 28 February 
2015. A summary of the programme of works is provided in Table 2.1.  

Table 2.1 Programme of works 

Activity Date 

Mobilisation  2 February 2015 

Inductions 2 February 2015 (and ongoing as required) 

Drilling operations 3-27 February 2015 (including six standby days due to inclement weather) 

Demobilisation 28 February 2015 
 
Two environmental scientists from Aurecon provided site supervision, sample collection and 
processing. Seas Offshore was contracted to provide and manage the drilling component of the works 
and Fodico was subcontracted to provide and operate the vessel “Shackleton”. 

The field team was directly supported by ALS Environmental (primary laboratory), Eurofins (secondary 
laboratory), James Cook University (macrobenthic analysis) and onshore Aurecon staff specialising in 
marine investigations, data management, Global Information Systems (GIS) and project management. 

Additional sampling was undertaken within the investigation area by the Aurecon geotechnical team 
from 9 March to 4 May 2015 during the Project geotechnical investigations. Geotechnical sampling 
was undertaken to depths of 4.0m (generally at 1.0m intervals) to provide an indication of the naturally 
occurring metals. 

2.3 Sample locations 
The sampling locations provided in the SAP (refer Appendix A) were randomly selected using the 
methodology outlined in NAGD (2009). The actual sampling locations (with an accuracy of ±10m) are 
illustrated in Figure 2.1. Figure 2.2 displays the sampling locations in relation to the bathymetry of the 
area. 

In accordance with the SAP, a total of 63 boreholes within the investigation area were assessed 
during the investigation. Twenty-four boreholes were located within the slope batter of the 

2 Methodology 
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investigation area. The remaining 39 boreholes were located within the channel floor of the 
investigation area. 

Additional geochemical sampling was undertaken within the investigation area by the Aurecon 
geotechnical team during their concurrent investigations. A total of 53 samples were collected by the 
geotechnical team from 15 boreholes within the investigation area and were analysed for 
metals/metalloids. 

2.4 Sample collection 
A vibrocorer, operated by Seas Offshore aboard the vessel “Shackleton”, was used to collect the 
sediment cores at each location. A hand-held GPS device was used to position the vessel within 10m 
of each sample location, as proposed Section 3.2.2 of the SAP (refer Appendix A). 

The approved SAP required sediment samples to be collected to comply with one of the following 
(refer Section 3.3.2 of Appendix A): 

 Below the depth of dredging (-17.1m LAT); or 
 Until vibrocore drilling refusal (due to encountering consolidated natural geological materials (e.g. 

rock, dense sands/gravels or stiff to very stiff clays)). 

Core barrels were capped at each end following core retrieval and a vibrocore frame was used to 
ensure the barrel remained vertical. Photographs of the equipment used and the vessel are provided 
below. 

Multiple cores were collected where additional volume of sediment was required for QA/QC purposes. 

An Aurecon environmental scientist determined the suitably of each sediment core following collection, 
based on the following: 

 No loss of surface sediments 
 No major loss or disturbance of sediments at depth 
 Target depth was achieved or refusal at rock, dense sands/gravels or stiff clay. 

Where vibrocoring collected insufficient sediment, grab sampling was employed to collect surface 
sediment. In some cases, multiple grabs were collected to capture sufficient sediment for laboratory 
analysis. 

Sediment samples were also collected at 15 additional locations within the investigation area, in 
conjunction with geotechnical investigation drilling using the Ocean Driller II jack-up barge. These 
samples were generally collected from 1.0m intervals (where practicable) to a depth of 4.0m and were 
used to supplement the geochemical investigation and provide an indication of the naturally occurring 
metals. 
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Photo 2.1 Grab sampling  Photo 2.2 Vibrocorer and crane on deck of vessel 

   

 

 

 
Photo 2.3 Launching the vibrocorer  Photo 2.4 Decontamination area 

   

 

 

 
Photo 2.5 Splitting the core barrel  Photo 2.6 Grab sampling from core 
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A summary of the number of samples collected during the investigation is provided in Table 2.2. 

Table 2.2 Number of samples collected 

Sample type Number of primary samples Number of QA/QC samples 

Geochemical 157 (metals/metalloids) 
98 (other parameters) 

6 (field triplicate) 
4 (inter-laboratory duplicate) 

Particle size distribution 84 1 (field triplicate) 

Dioxins 13 (investigation area) 
22 (total) 

- 

Field pH 78 - 

Suspension Peroxide Oxidation Combined 
Acidity and Sulfur (SPOCAS) 

124 8 

2.5 Sample processing 
2.5.1 Sediment sampling 
Sediment cores were cut into 1.0m lengths, split horizontally, photographed and logged prior to 
sampling. Each borehole log recorded the following information: 

 Project name and number 
 Name of sampler 
 Date of sampling 
 Type of sampler 
 Sample location ID 
 Easting and Northing of sample location 
 Sediment colour, odour, texture (e.g. clay, silt, sand, gravel), plasticity and grain size 
 Presence of organic matter, marine organisms, shells and anthropogenic material. 

The sediment cores were split upon recovery and sub sampled along one split only (where sample 
quantity was sufficient). Following logging of each sediment core, grab samples were collected from 
each 0.5m section of the core in 150mL glass jars for volatile analysis. Grab samples of approximately 
200g were also collected at 0.25m intervals along the length of the core and placed in plastic bags for 
ASS analysis. 

The remainder of each 0.5m length of core were homogenised in a stainless steel mixing bowl. The 
following intervals were used for collection of the remaining sediment samples, including particle size 
distribution and the remaining geochemical analyses: 

 0.0m to 0.5m 
 0.5m to 1.0m or refusal (whichever occurred first) 
 Every 0.5m length thereafter until the potential maximum depth or refusal (whichever occurred first). 

During the geotechnical investigation, grab samples were collected from approximately 1.0m intervals 
along the core to a depth of 4.0m and placed in 250mL glass jars for metal/metalloid analysis.  

2.6 Laboratory analysis 
The primary analysis of sediment samples was conducted by ALS Environmental. Eurofins was 
selected as the secondary laboratory to analyse inter-laboratory duplicate samples. Both laboratories 
are NATA accredited for the analytical methods used. 

Samples submitted to the primary laboratory were analysed for the contaminants listed in Table 2.3. 
Analyses conducted by the secondary laboratory are outlined in Table 2.4. 
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Table 2.3 Analyses conducted by the primary laboratory 

Parameter PQL Sample suffix 

Metals and metalloids (Al, Sb, As, Cd, Cr, Cu, Co, Fe, 
Pb, Mn, Ni, Se, Ag, V and Zn) 

0.1-1mg/kg 
0.01mg/kg (Hg) 
10mg/kg (Mn) 

A 

Organotins 0.5-1μg/kg A 

TRH 3-5mg/kg A, V 

BTEX 200μg/kg V 

PAHs 4-5μg/kg A 

PCB 5μg/kg A 

OCP/OPP 0.5-10μg/kg A 

TOC 0.02% A 

Nitrogen (speciated) 0.1mg/kg (nitrites and nitrates) 
0.2mg/kg (ammonia) 
20mg/kg (total nitrogen) 

A 

Phosphorus 2mg/kg A 

Particle sizing 1.0% B 

Dioxins and furans 0.0005-0.01μg/kg D 

pHF and pHFOX 0.1 pH units C 

SPOCAS suite Various C 

Table note: A Standard sediments suite 
  B Particle sizing 
  C Acid sulfate soils 
  D Dioxins and furans 
  V Volatiles 

Table 2.4 Analyses conducted by the secondary laboratory 

Parameter PQL 

Metals (Sb, As, Cd, Cr, Cu, Pb, Hg, Mn, Ni, Ag and Zn) 0.1-1mg/kg 
0.01mg/kg (Hg) 
10mg/kg (Mn) 

Organotins 0.5μg/kg 

TRH 20-100mg/kg 

BTEX 100-300μg/kg 

PAHs 1μg/kg 

PCB 5μg/kg 

OCP 1-5μg/kg 

TOC 50mg/kg 

Nitrogen (speciated) 0.1mg/kg 

Phosphorus 5mg/kg 
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2.7 Quality assurance and quality control procedures 
2.7.1 Laboratory procedures 
The primary and secondary laboratories followed the laboratory QA/QC procedures outlined in 
Appendix F of NAGD, including analysis of laboratory blanks, laboratory controls, laboratory spiked 
samples and laboratory duplicates. 

Validation of the laboratory QA/QC procedures is provided in Section 5.1 to determine the data quality 
to undertake an assessment of the geochemical characteristics of the material to be dredged. 

Table 2.5 outlines the laboratory QA/QC procedures as required under NAGD (2009). 

Table 2.5 Laboratory QA/QC procedure details 

QA/QC procedure Details 

Laboratory blank Laboratory blanks are submitted with each sample batch during analysis to determine 
the level (if any) of cross contamination that may occur during laboratory preparation, 
extraction and/or analysis. Analysis of the laboratory blanks should result in contaminant 
concentrations that do not exceed the LOR 

Laboratory control Laboratory controls are submitted with each sample batch and contain known 
concentrations of a contaminant. Analysis of the laboratory controls should result in 
contaminant concentrations that do not deviate from the known concentration to 
determine the accuracy of the laboratory analysis 

Laboratory spike 
(surrogate and 
matrix) 

A surrogate laboratory spike involves additions of a known concentration of compounds 
that are similar to those analysed, but are not likely to be present in the environment. 
The recovery of these compounds indicates the ability of the laboratory to extract the 
specified analyte. Surrogate spikes are generally performed on organic compounds 
A matrix laboratory spike is performed by splitting a sample and spiking it with a known 
contaminant concentration. The recovery of the contaminant is calculated and used to 
determine interference from the sediment upon the level of recovery 

Laboratory 
duplicates 

Laboratory duplicates use RPD of an intra-laboratory split sample material to analyse 
laboratory precision 

 

2.7.2 Field procedures 
2.7.2.1 Sample processing 
All staff collecting sediment samples wore disposable nitrile, powder free gloves, which were replaced 
for each sample to ensure no cross-contamination between sampling locations and sample depths 
occurred. 

All sediment samples were collected in pre-labelled plastic bags or solvent-washed and acid rinsed 
glass jars with Teflon lined lids as appropriate. Sample containers were labelled with a unique sample 
number on the waterproof label with indelible ink.  

Sample containers for volatile analytes were filled with zero headspace to prevent volatilisation. Field 
triplicates and inter-laboratory duplicates were given labels that did not relate to the sampling location. 
Once collected and labelled, samples were immediately stored in an esky with ice bricks and 
transported to the laboratory within the specified holding times (generally within 24 hours). 

All samples were submitted under chain of custody (CoC) documentation to ensure the analytical 
requirements of each sample are undertaken. 
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2.7.2.2 Decontamination procedure 
At the beginning of each sampling day, the vessel was thoroughly inspected and washed down to 
prevent sample contamination. An area for sample processing was cleared of any potential sources of 
contamination (i.e. copper, brass or galvanised or oily surfaces). 

Stainless steel equipment was used for sample collection and was cleaned before use and in between 
samples. Prior to obtaining each sample, all equipment, including core barrels, core trays and 
sampling equipment was cleaned as follows: 

 Initial rinse with seawater 
 Scrub with detergent solution (Decon 90) 
 Rinse with seawater 
 Final rinse with distilled water. 

2.7.2.3 Additional field QA/QC 
A trip blank container filled with clean chromatographic sand (as provided by the laboratory) was 
transported with the samples each day and analysed for volatile contaminants. Trip blanks were used 
to identify contaminants that may have contaminated the sediment samples during transport or 
storage. 

A rinsate sample was collected once per day from a trowel used during sampling, as this was where 
the risk of cross-contamination between samples was most likely. Rinsate sample were analysed for 
the same contaminants as the sediment (i.e. those provided in Table 2.3). Rinsate results should be 
below the LOR to validate the decontamination procedure. 

Field triplicates were collected at approximately 10% of sampling locations to determine the small-
scale spatial variability of the chemical characteristics of the sediment. This was undertaken by 
collecting two cores in addition to the primary core from the field triplicate location (i.e. three separate 
and adjacent cores were drilled) and collecting a sample from each core at the same depths. 

Inter-laboratory duplicates were collected at approximately 5% of sampling locations to identify 
variation associated with sub-sampled handling and analytical variation between laboratories. Inter-
laboratory duplicates were collected from the same homogenised sediment as the primary sample, 
with one inter-laboratory duplicate analysed by the primary laboratory and the other inter-laboratory 
duplicate analysed by the secondary laboratory. 

With the ASS sampling, approximately 6.5% of samples undergoing SPOCAS analysis were submitted 
with a blind duplicate sample to assess the variability and precision of both the sampling procedure 
and the analytical laboratory. The rate of duplicate ASS samples did not meet the recommended rate 
of 10% due to poor core recovery within the investigation area and the priority for geochemical 
sampling, however it is considered that this does not impact on the investigation findings or future 
management of ASS. 

2.8 Data analysis 
Contaminant concentrations were assessed against the guideline values outlined in Table 1.3 using 
the 95% upper confidence level of the mean (95% UCL), calculated with ProUCL Version 5.0 (US EPA 
2013). Where no analytical values of a contaminant were reported over the NAGD PQL, statistical 
calculations were not undertaken. In some cases where less than three values were above LOR for 
the respective contaminant, the maximum recorded value was used instead of the 95% UCL for a 
conservative comparison against NAGD screening levels. Analytical values reported below the 
detection limit were set to one-half of the laboratory LOR as per NAGD (2009).  
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Concentrations of organic contaminants (except organotin) were adjusted to 1.0% total organic carbon 
(TOC) before being compared to relevant guideline values where the measured value was within the 
range of 0.2% to 10%. For TOC values outside of this range, the highest (10%) or lowest (0.2%) was 
adopted as appropriate. Organic contaminants with concentrations below detection limits were not 
normalised to 1.0% TOC but were included at half their LOR. For organotin, only one value was 
recorded over the laboratory PQL so this was not normalised or analysed.  

Calculation of the 95% UCL assumes that the samples are statistically independent. As such, field 
triplicates and inter-laboratory duplicates were not included in the 95% UCL calculation. Where 
retesting of samples was undertaken, the highest reported value was utilised in the calculations.  

2.9 Compliance with SAP and NAGD (2009) 
Compliance of the Project geochemical investigation with the approved SAP and NAGD (2009) is 
demonstrated by: 

 Drilling and sampling has been undertaken to full depth of sediment that has the potential to be 
contaminated. The vibrocorer achieved refusal in consolidated natural geological materials (i.e. 
rock, dense sands/gravels or stiff to very stiff clays). 

 Physical testing of the consolidated natural geological materials (below depths where vibrocore 
refusal occurred) has occurred as part of the concurrent geotechnical investigation to determine 
particle size distribution (PSD) to input into hydrodynamic modelling and potential water quality 
impact assessment (i.e. turbidity movement and behaviours of the dredged material sediment). 

 Sampling used a vibrocoring process, a NAGD recognised approved device for undertaking 
geochemical sampling. Grab sampling was undertaken where refusal occurred at the surface of the 
seabed and no sample was retrieved from the vibrocore barrel. 

 Additional sediment sampling and laboratory analysis for metals and metalloids was undertaken in 
the underlying consolidated natural geological materials, in conjunction with the geotechnical 
investigation in 15 additional locations (above the 63 locations within the approved SAP) to collect 
information on metals and metalloids that have previously been demonstrated to be naturally 
occurring within Port Curtis. 

NAGD (2009) refers to requirements for capital dredging, with samples being required from the full 
depth of contaminated, as well as potentially contaminated sediment (sediment contiguous with areas 
of known sediment contamination, or sediment in areas of known contamination input (e.g. inner 
harbours, berth pockets, and other locations affected by solid, liquid or airborne waste inputs)). NAGD 
(2009) goes on to state that “Full depth is taken to mean at least the top 1 metre of sediment, and 
more if contamination could be found deeper. It is not normally necessary to sample (for chemical 
analysis) consolidated natural geological materials underlying these surface sediments, although 
physical testing of such consolidated materials would still be required to assess turbidity movement 
and behaviours of the dredged material, post-disposal”.  

Potentially contaminated material (i.e. from anthropogenic activities) is considered to be the depth of 
material overlying natural geologic material (NAGD 2009). 

A review of the previous sediment investigation works undertaken for GPC indicate that approximately 
the top 0.3m of sediment within Port Curtis is likely to be post 1950s, with this sediment band being 
the most likely (if any) to contain contaminants from anthropogenic inputs. This is in agreement with 
Vicente-Beckett et al. (2006) who demonstrated that anthropogenic influenced sediments are likely to 
only occur in the top 0.28m. Below this depth, contaminants will not be encountered and elevated 
levels of metals and metalloids, if detected, are likely to be naturally occurring and related to geology 
within the area. 
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The occurrence of naturally elevated levels of some metals and metalloids was demonstrated by 
Connell Hatch (2006), who reported elevated levels of silver at depths of >6m within the sediments 
tested offshore of Port Curtis. The Cooperative Research Centre (CRC) (Apte et al. 2005; Apte et al. 
2006; Vicente-Beckett et al. 2006) also reported elevated levels of arsenic at depth and attributed the 
arsenic levels as being due to natural geology rather than anthropogenic in origin. Manganese is also 
prevalent in the Gladstone area with significant occurrences at the historic Mount Millar manganese 
mine and at Auckland Hill with manganese quarrying in the late 1800s. 

During the Project geochemical investigation, drilling and sampling often reached refusal within the top 
1m due to encountering consolidated natural geological materials (i.e. rock, dense sands/gravels or 
stiff to very stiff clays), which is expected within high energy environments such as the exposed outer 
channel. As such, it is considered likely that the looser sediments found elsewhere in Port Curtis (up to 
approximately 1.0m) are of a limited thickness within the Gatcombe and Golding Cutting bypass 
channels and in some areas, not present (depending on exposure). In addition, many of the upper 
sediments in the area to be dredged, which are potentially anthropogenically influenced at depths to 
0.3m, may actually be part of older sediment deposits/geology. 

The Clinton Bypass Channel Deepening Project encountered similar drilling and sediment conditions 
during implementation of the sediment sampling, with shallow refusal between approximately 0.3m 
and 1m depth due to the rocky seabed (Aurecon 2012). 

A summary of the sampling locations (as drilled), drilling depths and relative levels (RL) based on 
existing bathymetry data, is provided in Table 2.6. 

Table 2.6 Sampling locations  

Sampling 
location 

Easting Northing Dredging location Drilling 
Depth (m) 

RL existing 
seabed (m) 

RL depth 
drilled to (m) 

BH01 329653 7361351 Batter slope 0.56 -16.2 -16.7 

BH02 330156 7361082 Channel floor 0.59 -17.4 -18.0 

BH03 330916 7360409 Channel floor 0.3 -19.5 -19.8 

BH04 330466 7360293 Batter slope 0.6 -16.7 -17.3 

BH05 331243 7359979 Channel floor 0.46 -18.5 -19.0 

BH06 330996 7359829 Batter slope 0.8 -17.1 -17.9 

BH07 330049 7360525 Channel floor 0.5 -14.3 -14.8 

BH08 331035 7359641 Channel floor 1.05 -16.8 -17.9 

BH09 331766 7359602 Batter slope 0.45 -18.5 -18.9 

BH10 331070 7359564 Batter slope 0.3 -16.5 -16.8 

BH11 331938 7359229 Batter slope 0.1 -16.6 -16.7 

BH12 332137 7359095 Channel floor 1.05 -16.8 -17.8 

BH13 331802 7358989 Channel floor 1 -15.6 -16.6 

BH14 332053 7358564 Batter slope 0.75 -15.9 -16.6 

BH15 332272 7358360 Batter slope 1 -16.7 -17.7 

BH16 333011 7358311 Channel floor 0.42 -19.6 -20.0 

BH17 332484 7358139 Batter slope 0.1 -15.9 -16.0 

BH18 332583 7358101 Channel floor 1.35 -18.5 -19.8 

BH19 332678 7358100 Channel floor 0.4 -18.1 -18.5 
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Sampling 
location 

Easting Northing Dredging location Drilling 
Depth (m) 

RL existing 
seabed (m) 

RL depth 
drilled to (m) 

BH20 333291 7358054 Batter slope 0.4 -17.7 -18.1 

BH21 333443 7357655 Batter slope 0.6 -21.5 -22.1 

BH22 333030 7357575 Batter slope 0.6 -15.6 -16.2 

BH23 333983 7357196 Batter slope 0.9 -17.5 -18.4 

BH24 333670 7357106 Channel floor 0.2 -12.6 -12.8 

BH25 333871 7357071 Batter slope 1 -15.8 -16.8 

BH26 333673 7357002 Channel floor 0.2 -16.0 -16.2 

BH27 334123 7356672 Batter slope 0.35 -17.1 -17.5 

BH28 334246 7356597 Batter slope 0.77 -16.9 -17.7 

BH29 334556 7356559 Channel floor 0 -17.4 -17.4 

BH30 330477 7360755 Channel floor 1.1 -15.5 -16.6 

BH31 334773 7356454 Channel floor 1.39 -14.7 -16.1 

BH32 331589 7359197 Channel floor 0.4 -15.4 -15.8 

BH33 334665 7356347 Channel floor 1.75 -16.4 -18.1 

BH34 334887 7356234 Channel floor 1.6 -14.9 -16.5 

BH35 335106 7356238 Channel floor 0.75 -15.5 -16.2 

BH36 335215 7356016 Channel floor 0.38 -14.3 -14.7 

BH37 335649 7355988 Batter slope 0.32 -12.8 -13.1 

BH38 336402 7355526 Batter slope 1 -10.9 -11.9 

BH39 336210 7355461 Channel floor 1.8 -10.3 -12.1 

BH40 336652 7355242 Channel floor 1.2 -11.2 -12.4 

BH41 336760 7355236 Channel floor 0.54 -11.4 -11.9 

BH42 335873 7355682 Channel floor 1.65 -11.3 -13.0 

BH43 337074 7355103 Batter slope 0.55 -11.1 -11.6 

BH44 337476 7354851 Batter slope 0.52 -10.3 -10.8 

BH45 337093 7354900 Channel floor 0.79 -9.8 -10.6 

BH46 337745 7354466 Channel floor 0.63 -9.0 -9.7 

BH47 337965 7354476 Channel floor 0.68 -9.3 -10.0 

BH48 338307 7354144 Channel floor 0.62 -7.7 -8.3 

BH49 339260 7353764 Batter slope 0.8 -7.9 -8.7 

BH50 338747 7353917 Channel floor 0.95 -7.9 -8.8 

BH51 339397 7353586 Channel floor 0.9 -8.2 -9.1 

BH52 339287 7353476 Channel floor 0.78 -7.9 -8.6 

BH53 339534 7353305 Batter slope 1 -8.3 -9.3 

BH54 340506 7353039 Batter slope 1 -9.2 -10.2 

BH55 340175 7352928 Channel floor 0.9 -8.5 -9.4 

BH56 339840 7353259 Channel floor 1.25 -8.5 -9.8 
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Sampling 
location 

Easting Northing Dredging location Drilling 
Depth (m) 

RL existing 
seabed (m) 

RL depth 
drilled to (m) 

BH57 340607 7352712 Channel floor 0.49 -9.1 -9.6 

BH58 340836 7352703 Channel floor 1.25 -9.4 -10.7 

BH59 341111 7352643 Channel floor 0.7 -9.8 -10.5 

BH60 341333 7352542 Batter slope 0.32 -9.7 -10.0 

BH61 341438 7352431 Channel floor 0.45 -9.3 -9.7 

BH62 341550 7352425 Channel floor 0.3 -10.0 -10.3 

BH63 341153 7352371 Channel floor 0.44 -9.4 -9.9 

GG01 329929 7361167 Channel floor 4.2 -15.9 -20.1 

GG02 330073 7360496 Channel floor 5.6 -14.5 -20.1 

GG03 330518 7360728 Channel floor 4.8 -15.3 -20.1 

GG04 330851 7359830 Channel floor 4.9 -15.2 -20.1 

GG05 331632 7359107 Channel floor 4.4 -15.7 -20.1 

GG07 331983 7359235 Channel floor 4.5 -15.6 -20.1 

GG10 332794 7357964 Channel floor 4.5 -15.6 -20.1 

GG12 333675 7357111 Channel floor 7.6 -12.5 -20.1 

GG14 335216 7356010 Channel floor 5.7 -14.4 -20.1 

GG16 336016 7355503 Channel floor 10.6 -9.5 -20.1 

GG17 336758 7355239 Channel floor 8.7 -11.4 -20.1 

GG18 337248 7354767 Channel floor 11.3 -8.8 -20.1 

GG19 337859 7354579 Channel floor 10.2 -9.9 -20.1 

GG20 338299 7354138 Channel floor 12.5 -7.6 -20.1 

GG21 339400 7353588 Channel floor 11.9 -8.2 -20.1 
 
No sediment was retrieved from BH29 due to the hard gravelly surface condition. This was confirmed 
during macrobenthic sampling, for which numerous grab samples were collected and only gravel and 
shell were retrieved. 

In addition, four sampling locations, BH59 to BH62, were relocated as the bathymetry indicated a 
steep slope inaccessible by the vibrocorer. These sampling locations remained in their allocated grid 
squares, as produced in the SAP, but were moved away from the slope. 

 



 

 

 
Project 245852-004-REP-NN-001  File Sampling and Anlaysis Plan Implementation Report (area to be dredged) 

Rev2.docx  25 November 2015  Revision 2  Page 23 
 

3.1 General 
Borehole logs for each of the sampling locations are presented in Appendix B and photographs of 
each of the cores collected are provided in Appendix C. 

All laboratory results and laboratory QA/QC assessments are provided in Appendix D for the primary 
laboratory (ALS Environmental) and Appendix E for the secondary laboratory (Eurofins). 

3.2 Geochemical 
A statistical summary of the geochemical results, showing an assessment against relevant guideline 
values (identified in Section 1.5.3) is provided in Table 3.1 and Appendix F. Contaminant 
concentrations detected above the guideline values are highlighted in bold, along with the relevant 
assessment criteria.  

The 95% UCL of all metals and metalloids for all horizon samples were below the NAGD (2009) 
screening levels (QLD Contaminated Land Guidelines for manganese). A small number of individual 
sample arsenic and nickel concentrations demonstrated values slightly above the NAGD screening 
levels; however, none of these exceedances were recorded at levels greater than their respective 
NAGD high levels (refer Table 1.3). While the deeper sediments did report a 95% UCL for manganese 
that was higher than the 500mg/kg EIL, these concentrations are likely to be naturally occurring and 
are in line with levels reported within the Port Curtis area in previous studies; Anastasi and Wilson 
(2010) examined Port Curtis as a case study in reviewing manganese in subtropical estuaries and 
stated that recorded naturally occurring manganese concentrations have been recorded in marine 
sediments with values up to 9,000mg/kg. The average abundance of manganese in Australian soils is 
850mg/kg (AusIMM 2011).  

Where NAGD (2009) screening levels are not available, a comparison against locally derived 
reference values and terrestrial background values has been undertaken. 

Further discussion on the results is provided in Section 4. 

Sampling locations where NAGD (2009) screening levels have been exceeded are illustrated in 
Figure 3.1. 

 

3 Results 
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Table 3.1 Summary of geochemical results compared with guideline values 

Analytes (mg/kg) Aluminium Iron Arsenic Cadmium Chromium Copper Cobalt Lead Manganese Nickel Selenium Silver Vanadium Zinc Mercury Ammonia 
as N 

G
ui

de
lin

e 
va

lu
es

 

PQL 50 50 1.0 0.1 1.0 1.0 0.5 1.0 10 1.0 0.1 0.1 2.0 1.0 0.01 0.1 

NAGD (2009) – screening 
level 

- - 20 1.5 80 65 - 50 - 21 - 1.0 - 200 0.15 - 

NAGD (2009) – high level - - 70 10 370 270 - 220 - 52 - 3.7 - 410 1.0 - 

Lo
ca

lly
 d

er
iv

ed
 re

fe
re

nc
e 

va
lu

es
3  

Anastasi and Wilson 
(2010) 

- - - - - - - - 29-8,960 - - - - - - - 

PCIMP EH value 15,000 21,000 - - - - 6.9 - 260 - 1 - 40 - - 15 

PCIMP WCS value 150,000 210,000 - - - - 69 - 2,600 - 10 - 400 - - 150 

Angel et al. (2012) 1,720-
26,900 
(8,770) 

4,970-
62,600 
(17,450) 

- - - - 3-31 
(10) 

- 74-1,330 
(382.5) 

- 0.02-0.51 
(0.135) 

- 11-114 
(40.5) 

- - - 

WBDDP (GHD 2009a) 530-20,600 
(8,190) 

560-76,000 
(20,900) 

- - - - 0.5-77.4 
(11.5) 

- 10-7,680 
(298) 

- 0.1-5.4 
(0.4) 

- 5.6-287 
(45.3) 

- - - 

Te
rr

es
tr

ia
l 

ba
ck

gr
ou

nd
 

va
lu

es
 

EPA (1998) EIL - - - - - - - - 500 - - - - - - - 

EPA (1998) background 
levels 

- - - - - - 2-170 - 4-12,600 - - - - - - - 

AusIMM (2011) average 
abundance 

- - - - - - 8.0 - 850 - 0.2 - 100 - - - 

Samples collected 157 157 157 157 157 157 157 157 157 157 157 157 157 157 157 97 

Number of detects 157 157 152 5 157 157 157 155 157 157 156 29 157 157 58 95 

Minimum 2,600 4,360 <1.0 <0.1 3.8 2.8 2.2 <1.0 32 1.9 <0.1 <0.1 12.4 7.1 <0.01 <0.2 

Maximum 21,800 40,700 31.4 0.6 119 53 84.3 25.3 4,420 26.9 5.2 0.6 120 84.5 0.1 7.3 

Mean 9,231 18,820 8.017 0.0561 16.28 16.55 10.71 6.415 412.1 9.901 0.92 0.0879 43.36 30.52 0.0108 1.827 

Median 7,920 17,000 7.755 0.2 13.9 12.7 7.9 4.8 271 7.1 0.6 0.1 36.5 24.8 0.02 1.2 

Standard deviation 4,891 9,065 4.941 0.0471 11.27 11.84 9.748 4.473 584 5.981 0.937 0.0976 20.11 17.08 0.0115 1.601 

95% UCL 10,932 20,092 9.736 0.0623 17.53 20.67 14.1 7.325 469.8 11.98 1.246 0.122 46.02 36.46 0.0148 2.535 

95% UCL (<1.0m) 11,410 20,674 10.55 0.0649 16.89 21.73 12.03 7.355 494.3 12.58 1.379 0.138 47.6 37.9 0.0145 2.553 

95% UCL (>1.0m) 10,214 20,307 7.948 0.0612 20.86 23.28 12.02 7.922 823.21 11.16 1.103 0.114 46.46 34.46 0.0212 4.182 

Number of exceedances2 - - 5 - 1 - - - 37 9 - - - - - - 

Table notes: 1While the deeper sediments did report a 95% UCL higher than the 500mg/kg EIL, these are likely to be naturally occurring and are in line with levels previously reported within the Port Curtis area in previous studies, and below background ranges up to 9,000mg/kg of manganese 
observed in Port Curtis (Anastasi and Wilson (2010)) 
2Refers to exceedances over the NAGD (2009) screening levels and the QLD contaminated land guideline value (EPA 1998)  
3Values in brackets are the median value 
Bold indicates an exceedance of the corresponding guideline value 
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Figure 3.1: Metals reported above NAGD (2009) screening levels
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GG05 1.9 - 2.0 m
Arsenic (mg / kg) 24.9

GG12 1.95 - 2.05 m
Chromium (mg / kg) 119

GG17 0.9 - 1.0 m 1.9 - 2.0 m
Nickel (mg / kg) 26.9 23.1

BH44 0.0 - 0.5 m
Nickel (mg / kg) 25

GG18 3.95 - 4.05 m
Nickel (mg / kg) 22.3

BH60 0.0 - 0.3 m
Nickel (mg / kg) 22.3

BH61 0.0 - 0.5 m
Arsenic (mg / kg) 20.6

Nickel (mg / kg) 25.2

BH59 0.0 - 0.7 m
Arsenic (mg / kg) 31.4

BH57 0.0 - 0.4 m
Arsenic (mg / kg) 20.3
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3.3 Particle size distribution 
This investigation undertook PSD sampling at 55 of the boreholes within the investigation area from 
varying depths with a total of 84 samples collected. The majority of the samples collected were in the 
top 1m of sediment. 

The sediment samples varied in texture with 23 samples containing predominately fine material and 
61 samples containing predominately coarse material. In addition, approximately 36% of samples 
collected within the top portion of the sediment were coarse in texture, with combined sand, gravel and 
cobble proportion of over 90%. This dropped to 15% in the deeper sediments, indicating more clays 
and silts at depth. 

The sediment samples contained a greater proportion of gravels and cobbles within the investigation 
area nearest Facing Island. The southern extent of the investigation area contained a combination of 
sands, silts and clays (with very little gravel), with an increase in fine material at depth. 

Figures 3.2 and 3.3 illustrate the PSD of sediments sampled and analysed during this investigation. 

Table 3.2 summarises the PSD results, indicating that sand is the major component of the 
encountered sediment (45.5%), followed by gravel (20.0%). The geotechnical investigation will provide 
further detail on PSD for the material to be dredged at varying depths. 

Table 3.2 Summary of PSD results 

 Clay 
(<2 µm) 

Silt 
(2-60µm) 

Sand 
(0.062mm) 

Gravel 
(>2mm) 

Cobbles 
(>6cm) 

Minimum <1.0 <1.0 5.0 <1.0 <1.0 

Mean 16.5 16.0 45.5 20.0 1.9 

Maximum 54 53 97 71 48 
 
A summary of the PSD laboratory results are included in Appendix G. 

3.4 Acid sulfate soils 
3.4.1 General 
The full NATA certified laboratory report is provided in Appendix D while a summary of the results are 
provided in Appendix H. 

The sections below discuss the ASS results and determine the likelihood of encountering actual acid 
sulfate soils (AASS) and potential acid sulfate soils (PASS) during dredging and dredged material 
placement. 

The action criteria for ASS, as specified by Ahern et al. (1998) where more than 1,000 tonnes of 
sediment is to be disturbed, is as follows: 

 Sulfur trail 0.03% S 
 Acidity trail 18 mole H+/t. 

3.4.2 Field testing 
3.4.2.1 Screening criteria 
For reasons of practicality and the avoidance of transporting and using oxidising chemicals on board 
the vessel, the pH tests were conducted by the primary laboratory. The primary laboratory utilised two 
different methods for obtaining pH measurements depending on if the pH tests were stand-alone or 
part of the SPOCAS suite. The same pH results are achieved, regardless of the method utilised. 

A typical value that may indicate the presence of AASS includes: 
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Figure 3.2: Particle Size Distribution within shallow sediments (generally <0.5 m)
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Figure 3.3: Particle Size Distribution within deeper sediments (generally >0.5 m)
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 A pHF/pHKCL value of 4 or less 

Values that indicate the presence of PASS may include: 

 A pHFOX/pHOX value of 4 or less 

A ΔpH greater than 2 (from pHF to pHFOX and  pHOX to pHKCL) 

 To a much lesser extent, a ‘vigorous’ observed reaction rate 

3.4.2.2 Field and laboratory pH results 
The pH test results provide an indication of the presence or absence of ASS in the sediment profile. 
The pH testing was conducted on each core, typically at 0.25m intervals along the core. 

The pH tests were carried out on 210 sediment samples. These tests were used to indicate the 
likelihood of sediment being non-ASS, AASS or PASS. The results of the pH testing are summarised 
as follows: 

 The pHF/pHKCL values for the majority of samples ranged from pH 4.5 to pH 9.7 indicating that 
AASS were generally not present in the sediments sampled within the investigation area. However, 
the potential for AASS was identified in sediment at the following locations: 

− BH43 0.25m: pH 3.0 
− BH56 0.25m: pH 3.0 

 The results of the pHFOX/pHOX tests for all samples ranged from pH 2.0 to pH 10.5. The potential for 
the presence of PASS was identified at the following locations: 

− BH39 1.25m: pH 2.1 
− BH39 1.5m: pH 2.0 
− BH39 1.75m: pH 2.3 
− BH42 1.0m: pH 3.5 
− BH42 1.25m: pH 2.1 
− BH42 1.5m: pH 3.0 

 A drop in two or more pH units is considered potentially indicative of PASS presence in the 
sediment. This was observed in 22.4% of samples with a reduction of greater than 6.0 pH units at 
the following locations: 

− BH39 1.25m 
− BH39 1.75m 
− BH42 1.25m. 

Interpretation of the pH results generally indicated an absence of ASS across the majority of the 
sediment sampled within the investigation area. Selected samples from discrete locations and 
sediment horizons did however indicate AASS presence at BH43 and BH56 at depths of 0.25m and 
PASS presence at BH39 and BH42 at depths greater than 1.0m. Based on pH results. PASS may also 
be present in other locations within the investigation area, given the drop in pH upon oxidation in 
22.4% of the samples. 

3.4.3 SPOCAS results 
The results for each component of the SPOCAS analysis methods are utilised as input into the acid 
base accounting, which is used to calculate the net acidity. These results are then used to estimate 
the volume of fine agricultural lime (fine aglime) recommended per tonne of sediment as treatment for 
the neutralisation of the sediment to be disturbed. 

The acid base accounting takes into consideration the acid generating/neutralising capacity of the 
sediment in both its existing and disturbed states. It also includes consideration of potential for the 
sulfur material present in the sediment matrix to exchange with ions such as calcium and magnesium. 
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SPOCAS analysis was carried out on 132 sediment samples taken from within the investigation area. 

3.4.3.1 Acidity trail 
The acidity trail component of the SPOCAS analysis is comprised of the following analytical methods: 

 Titratable actual acidity (TAA) 23F (mole H+/t) 
 Titratable peroxide acidity (TPA) 23G (mole H+/t) 
 Titratable sulfidic acidity (TSA) 23H (mole H+/t). 

These analytical methods assist in quantifying the level of acidity present within the sediment.  

TAA quantifies the amount of existing acid in the sediment as measured in mole H+/t. The expression 
of existing acidity within the sediment is generally indicated by the measured pH. TAA was not 
detected (<2 mole H+/t) in any of the samples, with the exception of BH39 at a depth of 1.5m, with a 
TAA value of 68 mole H+/t. This result exceeded the action criteria of 18 mole H+/t for TAA. 

TPA quantifies the amount of acid that is likely to be generated in the sediment if oxidation were to 
occur (e.g. during or as a result of disturbance). TPA was not detected (<2 mole H+/t) in the majority of 
samples, with the exception of BH39 (1.5m), BH43 (1.0m) and BH42 (1.5m). The maximum TPA value 
was 3,260 mole H+/t at BH39 (1.5m). 

TSA quantifies the amount of acid (existing or potential) within the sediment that is attributable to 
pyritic material, which indicates the presence/absence of ASS material. TSA was not detected 
(<2 moles H+/t) in the majority of samples, except BH39 (1.5m), BH43 (1.0m) and BH42 (1.5m). The 
maximum value for TSA was 3,190 moles H+/t at BH39 (1.5m). 

3.4.3.2 Sulfur trail 
The sulfur trail component of the SPOCAS analysis is comprised of the following analysis methods: 

 Potassium chloride extractable sulfur (SKCl) 23C (%S) 
 Peroxide sulfur (SP) 23D (%S) 
 Peroxide oxidisable sulfur (SPOS) 23E (%S) 
 Acidity – peroxide oxidisable sulfur (a-SPOS) a-23E (mole H+/t). 

These analytical methods assist in quantifying the level of extractable sulfidic material present within 
the sediment, which includes soluble and adsorbed sulfate as well as sulfate from gypsum. These 
results are utilised as input into the acid base accounting for calculating the net acidity within the 
sediment attributable to the sulfur content available through oxidation. 

SPOS was detected (>0.02% S) in 45% of the samples. The maximum value for SPOS was 5.12% S, 
detected in BH39 at a depth of 1.5m. Approximately 38% of the samples were above the action criteria 
(≥0.03% S) and were observed in boreholes throughout the investigation area. 

3.4.3.3 Calcium values analysis 
The calcium values analysis is comprised of the following analysis methods: 

 KCl extractable calcium (CaKCl) method 23Vh (%Ca) 
 Peroxide calcium (CaP) method 23Wh (%Ca) 
 Acid reacted calcium (CaA) method 23X (%Ca). 

These analysis methods assist in quantifying the level of extractable calcium present within the 
sediment. These results are utilised as input into the calculation of the neutralising capacity within the 
sediment that is attributable to the presence of calcium. 

CaKCl results give an indication of the calcium that is soluble and exchangeable within the sediment. 
CaP results are utilised to calculate the reacted calcium (CaA), which indicates the acid neutralising 
capacity within the sediment that is attributable to the presence of soluble and exchangeable calcium. 
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All samples submitted to the laboratory for SPOCAS analysis were analysed for the presence of 
soluble and exchangeable calcium to calculate the acid reacted calcium. Results for CaKCL ranged 
from 0.05% Ca to a maximum of 0.33% Ca in BH39 (1.5m). 

3.4.3.4 Magnesium values analysis 
The magnesium values analysis is comprised of the following analysis methods: 

 KCl extractable magnesium (MgKCl) method 23Sm (%Mg) 
 Peroxide magnesium (MgP) method 23Tm (%Mg) 
 Acid reacted magnesium (MgA) method 23U (%Mg). 

These analysis methods assist in quantifying the level of extractable magnesium present within the 
sediment. These results are utilised as input into the calculation of the neutralising capacity within the 
sediment that is attributable to the presence of magnesium. 

MgKCl results give an indication of the magnesium that is soluble and exchangeable within the 
sediment. MgP results are utilised to calculate the reacted magnesium (MgA), which indicates the acid 
neutralising capacity within the sediment that is attributable to the presence of soluble and 
exchangeable magnesium. 

All samples submitted to the laboratory for SPOCAS analysis were analysed for the presence of 
soluble and exchangeable magnesium in order to calculate the acid reacted magnesium. Results for 
MgKCL ranged between not detected (<0.02% Mg) and 0.25% Mg in BH39 at a depth of 1.5m. 

3.4.3.5 Excess acid neutralising capacity 
All samples submitted to the laboratory for SPOCAS analysis were analysed for excess acid 
neutralising capacity (ANCE). Results for ANCE ranged from 0.2% CaCO3 to 38.9% CaCO3 in 
BH2 (0.0m), indicating that the sediment within the investigation area possesses acid neutralising 
capacity. 

3.4.3.6 Acid base accounting 
The acid base accounting analysis component of the SPOCAS analysis is comprised of the following 
calculations: 

 Acid neutralising capacity (ANC) fineness factor (1.5) 
 Net acidity (sulfur units) (%S) 
 Net acidity (acidity units) (mole H+/t) 
 Liming rate (kg CaCO3/t). 

The results of these calculations provide the information required for the development of sediment 
management measures for sediments throughout the investigation area. 

Net acidity (sulfur units) results for samples analysed ranged from below the LOR (<0.02% S) to 
5.23% S, where 97.7% of samples were below LOR for these analytes.  

Net Acidity (acidity units) results for samples analysed ranged from below the LOR (<10 mole H+/t) to 
3,260 mole H+/t where 97.7% of samples analysed were below LOR for these analytes. 

Based on laboratory results for net acidity in sulfur units and acidity units, only three sediment 
samples, BH39 1.5m, BH42 1.0 and BH42 1.5m, were above the action criteria and exhibited values 
indicative of the presence of ASS, requiring management. 

3.4.3.7 Liming rates 
Table 3.3 outlines the treatment levels based on the sediment sample liming rates. These treatment 
rates are based on the Queensland Acid Sulfate Soil Technical Manual: Soil Management Guidelines 
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(Dear et al. 2014) and relate to the amount of sediment that will be disturbed during dredging and 
dredged material placement. 

One sample at BH39 (1.5m) recorded a liming rate of 245kg CaCO3/t, which requires an extra high 
level of treatment. The remaining two samples at BH42 (1.0 and 1.5m) recorded very high treatment 
levels. 

Table 3.3 Treatment levels and volumes of CaCO3/t 

Treatment level kg CaCO3/t Number of samples 

Low <1.0 0 

Medium 1.0 0 

High >1.0-5.0 0 

Very high 6.0-25 2 

Extra high >25 1 

3.4.3.8 Summary 
Table 3.4 summarises the reported net acidity exceedances and the corresponding calculated liming 
rates should these sediments be disturbed. Figure 3.4 illustrates the borehole locations in the 
investigation area where net acidity exceeded the action criteria of 18 moles H+/tonne. 

Table 3.4 Soil analytical results exceeding net acidity action criteria 

Sample location and depth Net acidity (mol H+/tonne) Liming rate (kg CaCO3/t) 

BH39 1.5m 3,260 245 

BH42 1.0m 169 13 

BH42 1.5m 196 15 
 
A comparison between the net acidity and excess acid neutralising capacity of the sediment within the 
investigation area was undertaken to determine the ability of the sediments to self-neutralise. The 
level of excess acid neutralising capacity was substantially higher than the net acidity in the sediments 
throughout the investigation area, likely due to the presence of shell material. The overall excess acid 
neutralising capacity within the sediment in the investigation area, will neutralise acid that may be 
generated as a result of disturbance of sediment from dredging and dredged material placement. ASS 
management measures will be detailed in a separate ASS Management Plan. 
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Figure 3.4: Acid sulfate soils within the investigation area
Sampling and Analysis Plan Implementation Report (area to be dredged)Date: 26/11/2015 Version: 7 Job No: 237374

Source:
Aerial: GPC, 2015 and DigitalGlobe Web Map Service, 2013.
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4.1 General 
Extensive geotechnical and geochemical investigations have been previously undertaken within Port 
Curtis to support the various LNG projects, the Wiggins Island Coal Terminal Project, and Clinton 
Bypass Channel Deepening Project and the WBDDP. Comprehensive sampling programmes were 
undertaken for the WBDDP EIS (GHD 2009a), the Fisherman’s Landing Northern Expansion Project 
EIS (GHD 2009b) and the QCLNG Project (GeoCoastal Australia 2009). However, only minor 
investigations have been undertaken within the outer harbour to date and as such, a comprehensive 
sampling programme was conducted for the investigation area. 

Following investigations by Apte et al. (2005), Apte et al. (2006) undertook a study to determine the 
sources of the contaminants of concern. The report concluded that the elevated concentration of 
arsenic, chromium and nickel in Port Curtis sediments were identified as being derived from natural 
geology and not anthropogenic sources. Vicente-Beckett et al. (2006) also reported elevated levels of 
arsenic at depth and attributed the arsenic levels as being due to natural geology rather than 
anthropogenic in origin. 

A review of the previous sediment investigation works undertaken for GPC indicate that approximately 
the top 0.3m of sediment within Port Curtis is likely to be post 1950s with this sediment band being the 
most likely (if any) to contain contaminants from anthropogenic inputs. This is in agreement with 
Vicente-Beckett et al. (2006) who demonstrated that anthropogenic influenced sediments are likely to 
only occur in the top 0.28m. Below this depth, elevated levels of metals, if detected, are likely to be 
naturally occurring and related to geology within the area. 

The occurrence of naturally elevated levels of some metals was also demonstrated by Connell Hatch 
(2006), who reported elevated levels of silver at depths of >6m within the sediments tested offshore of 
Port Curtis. 

The Project geochemical investigation demonstrated the presence of minor concentrations of naturally 
occurring and potential anthropogenic contaminants in individual samples across the investigation 
area. Individual concentrations that exceeded NAGD (2009) screening levels and/or the EPA Draft 
Guidelines for the Assessment and Management of Contaminated Land in QLD (1998) – EILs 
included arsenic, chromium, manganese and nickel concentrations. Individual samples also recorded 
concentration of total petroleum hydrocarbons (TPHs) and individual polycyclic aromatic hydrocarbons 
(PAHs) above the LOR but below the relevant guidelines and as such, these have not been discussed 
further. 

4.2 Metals/metalloids 
Chromium, copper, nickel, manganese and zinc were recorded above laboratory PQL in all the 157 
samples collected (with arsenic being recorded in 152 of 157 samples). The elements were identified 

4 Chemical analysis 
discussion 
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in each depth horizon and as such, are ubiquitous across Port Curtis and likely to be naturally 
occurring. 

The 95% UCL of all metals and metalloids for all horizon samples were below the NAGD (2009) 
screening levels. A small number of individual sample arsenic and nickel concentrations demonstrated 
values slightly above the NAGD screening levels; however, none of these exceedances were recorded 
at levels greater than their respective NAGD high levels (refer Table 1.3). 

Metals with no NAGD screening level values (i.e. aluminium, iron, cobalt, manganese, selenium and 
vanadium) were compared against the locally derived reference values and terrestrial background 
values. While there were numerous exceedances over the PCIMP EH values, comparison to other 
background investigations in Port Curtis, such as Angel et al. (2012), GHD (2009a) and Anastasi and 
Wilson (2010), indicated that a number of metals are naturally elevated within Port Curtis, and the 
results from this investigation were comparable.  

No discussion has been presented for antimony as no values were reported above the NAGD (2009) 
PQL. 

Additional sampling at depth was undertaken for metals and metalloids during geotechnical works 
initiated after the geochemical sampling was completed. Two of these samples bridged the 0.95m to 
1.05m depth horizon and for data analysis purposes these results (for boreholes GG02 and GG19) 
have been included within the <1.0m depth horizon. 

4.2.1 Aluminium 
Guideline values 
No NAGD screening level values are available for aluminium and as such, a comparison against 
locally derived reference values was conducted. 

Locally derived reference values 
Aluminium was recorded above the PQL of 50mg/kg within all 157 samples collected, with a minimum 
concentration of 2,600mg/kg at BH14 (0.0m to 0.5m) and a maximum concentration of 21,800mg/kg 
within BH60 at a depth of 0.0m to 0.3m. 

When results for aluminium are compared against the locally derived reference values, 25 of the 157 
samples recorded concentrations were above the PCIMP EH value, although the 95% UCL for 
aluminium was 10,932mg/kg, below the PCIMP EH value of 15,000mg/kg.  

Previous sediment investigations in Port Curtis recorded median aluminium concentrations of 
8,770mg/kg (Angel et al. 2012) and 8,190mg/kg (GHD 2009a). The median aluminium concentration 
recorded during this investigation was 7,920mg/kg, which is similar to the previous results. In addition, 
the range of aluminium concentrations collected from the investigation area are all within the 
background range of the locally derived reference values. 

4.2.2 Iron 
Guideline values 
No NAGD screening level values are available for iron and as such, a comparison against locally 
derived reference values was conducted. 

Locally derived reference values 
Iron was reported above the PQL of 50mg/kg within all 157 samples collected, with a minimum 
concentration of 4,360mg/kg from BH8 (0.5m to 1.0m) and a maximum concentration of 40,700mg/kg 
from BH3 (0.0m to 0.3m). 

When results for iron are compared against the locally derived reference values, 57 of the 157 
samples recorded concentrations above the PCIMP EH value, although the 95% UCL for iron was 
20,092mg/kg, just below the PCIMP EH value of 21,000mg/kg.  
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Previous sediment investigations in Port Curtis recorded median iron concentrations of 17,450mg/kg 
(Angel et al. 2012) and 20,900mg/kg (GHD 2009a). The median iron concentration recorded during 
this investigation was 17,000mg/kg, which is similar to the previous results. In addition, the range of 
iron concentrations collected from the investigation area are all within the background range of the 
locally derived reference values. 

The distribution of iron in Port Curtis appears to be correlated to that of aluminium, with elevated 
concentrations of iron widespread across the investigation area and throughout the depth profile of the 
sediments. 

4.2.3 Arsenic 
Guideline values 
Arsenic was recorded above the PQL of 1.0mg/kg within 152 of 157 samples collected, with five of the 
samples reporting levels above the NAGD (2009) screening level of 20mg/kg. No arsenic levels were 
recorded over the NAGD high level and the 95% UCL reported a value of 9.74mg/kg, which is well 
below the NAGD (2009) screening level. When separated into depth horizons of below 1.0m (<1.0m) 
and above 1.0m (>1.0m) depth, the sediments below 1.0m reported a greater 95% UCL of 10.55mg/kg 
when compared with 7.95mg/kg for sediments above 1.0m.  

Arsenic has previously been demonstrated to occur naturally within Port Curtis at concentrations very 
close to ANZECC ISQG-low guidelines. Vicente-Beckett et al. (2006) illustrated via multivariate 
analyses that the concentrations of arsenic (as well as nickel and chromium) in the Port Curtis region 
are at natural background levels which are very close to the ANZECC ISQG-low guidelines. 

The QCLNG Jetty Optimisation Study (GeoCoastal 2009) investigated sediment composition and 
concluded that there were at least two different depositional derivations of arsenic and determined that 
the source of all the arsenic bearing sediments is likely to be the residual and weathering products of 
the Wandilla parent formations on Curtis Island.  

The distribution of metals in aquatic sediments has often been associated with the proportion of fines 
(mud fraction: <63 μm – silt plus clay), which has been previously explored in sediments in the Port 
Curtis area (Apte et al. 2005, 2006; Vicente-Beckett et al. 2006). Previous work undertaken for the 
WBDDP (Aurecon 2010) demonstrated a weak positive correlation with percentage clay in samples 
below 1.5m depth in the inner harbour channel suggesting that arsenic concentration may increase 
with clay proportion in the deeper sediments. 

The widespread occurrence of arsenic in these sediments is consistent with the local geological 
formations surrounding Port Curtis. Arsenic is common in marine mudstones (Doonside and Wandilla 
Formations) where it substitutes for sulfur in the mineral pyrite, and in mineralised sequences 
surrounding granite intrusions (Mount Larcom area). The arsenic is often locked into framboidal pyrite 
structures where it remains immobilised until exposed to weathering. Examination of the arsenic 
exceedances in a stratigraphic context has found that a strong association exists between arsenic and 
distribution leading to accretion of transported sediments from weathered localised sources. These 
sources appear to be either sub-marine basement material underlying substrate highs, or a landward 
origin, such as an early reworking of adjacent surface soils.  

Locally derived reference values 
Given the 95% UCL for arsenic was below the NAGD (2009) screening level value, a comparison 
against locally derived reference values was not required. 
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4.2.4 Cadmium 
Guideline values 
Only five samples demonstrated levels of cadmium over the NAGD PQL with the highest of these 
reporting only 0.6mg/kg at BH8 (0.5m to 1.0m). This is well below the NAGD (2009) screening level of 
1.5mg/kg and NAGD high level of 10mg/kg.   

Locally derived reference values 
Given cadmium was below the NAGD (2009) screening level value in all samples, a comparison 
against locally derived reference values was not required. 

4.2.5 Chromium 
Guideline values 
Chromium was recorded above the NAGD PQL in all 157 samples. Only one sample taken at a 
1.95-2.05m depth at GG12 reported a value above the above the NAGD screening level of 80mg/kg, 
with a concentration of 119mg/kg, which is well below the NAGD high level value of 370mg/kg. The 
95% UCL of 17.53mg/kg was significantly lower than the NAGD screening level. The one exceedance 
was recorded in sediments deeper than 1.0m, indicating that the source is likely to be natural in origin.  

Locally derived reference values 
Given chromium was below the NAGD (2009) screening level value in all samples, a comparison 
against locally derived reference values was not required. 

4.2.6 Copper 
Guideline values 
While copper was recorded above the NAGD PQL in all 157 samples, no samples exceeded the 
NAGD screening level (65mg/kg) with a maximum concentration recorded of 53mg/kg taken from a 
depth of 0.5m to 1.0m from BH12. The 95% UCL of 20.67mg/kg was also significantly below the 
NAGD screening level. 

Locally derived reference values 
Given the 95% UCL for copper was below the NAGD (2009) screening level value, a comparison 
against locally derived reference values was not required. 

4.2.7 Cobalt 
Guideline values 
No NAGD screening level values are available for cobalt and as such, a comparison against locally 
derived reference values was conducted. 

Locally derived reference values 
Cobalt was recorded above the PQL of 0.5mg/kg within all 157 samples collected, with a minimum 
concentration of 2.2mg/kg from GG10 at a depth of 0.9-1.0m and a maximum concentration of 
84.3mg/kg at GG17 (0.9m to 1.0m). 

When results for cobalt are compared against the locally derived reference values, 97 of the 157 
samples collected recorded concentrations above the PCIMP EH value, with the 95% UCL for cobalt 
(14.1mg/kg) above the PCIMP EH value of 6.9mg/kg.  

During the WBDDP investigations, cobalt was detected at concentrations up to 77.4mg/kg with a 
median concentration of 11.5mg/kg (GHD 2009a). Cobalt concentrations detected within the 
investigation area generally fall within the range of these WBDDP results and have a similar median of 
7.9mg/kg. 
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Terrestrial background values 
The cobalt concentrations are also within the terrestrial background values, which range from 2mg/kg 
to 170mg/kg (EPA 1998) and the median concentration is equal to the average abundance of cobalt in 
soil (8.0mg/kg), as determined by AusIMM (2011). 

4.2.8 Lead 
Guideline values 
Lead was identified above the NAGD PQL in 155 of 157 samples. No concentrations of lead were 
recorded above the NAGD screening level of 50mg/kg. The maximum concentration was 25.3mg/kg, 
which was recorded at a depth of approximately 4.0m at borehole GG18, well below the depth likely to 
be anthropogenically influenced. 

Locally derived reference values 
Given lead was below the NAGD (2009) screening level value in all samples, a comparison against 
locally derived reference values was not required. 

4.2.9 Manganese 
Guideline values 
No NAGD screening level values are available for manganese and as such, a comparison against 
locally derived reference values and terrestrial background values was conducted. 

Locally derived reference values 
The presence of manganese within Port Curtis appears to be ubiquitous both spatially and with depth, 
with manganese being recorded within all 157 samples collected.  Boreholes containing elevate 
manganese are presented in Figure 4.1. 

When the manganese results are split between approximately <1.0m and >1.0m depth, it is evident 
that the highest manganese concentrations are found at depth with the following 95% UCLs: 

 Manganese (<1.0 depth): 494.3mg/kg (from 110 samples) 
 Manganese (>1.0 depth): 823.2mg/kg (from 47 samples) 
 Manganese (combined depths): 469.8mg/kg (from 157 samples). 

The results for the sediments >1.0m depth reported a maximum manganese concentration of 
4,420mg/kg. Subsequent reanalysis of this sample reported concentrations of 2,293, 3,000 and 
3,635mg/kg and a subsequent median concentration of 3,318mg/kg. The 95% UCL for depths of 
>1.0m when calculated with this median value was 778mg/kg. 

The borehole locations containing elevated manganese with respect to depth are illustrated in 
Figure 4.2. 

Angel et al. (2010) investigated dissolved metal levels in Port Curtis, including manganese and 
concluded that nickel and manganese are likely to be released by natural processes such as reduction 
of manganese (hydr)oxides and leaching by the lower sediment and water pH. Anastasi and Wilson 
(2010) also examined Port Curtis as a case study in reviewing manganese in subtropical estuaries 
and stated that recorded naturally occurring manganese concentrations have been recorded in marine 
sediments with values up to 9,000mg/kg. 

Previous sediment investigations in Port Curtis recorded median manganese concentrations of 
382.5mg/kg (Angel et al. 2012) and 298mg/kg (GHD 2009a). In addition, concentrations of 
manganese in the sediments of Port Curtis derived by Angel et al. (2012) and during the WBDDP 
(GHD 2009) were recorded up to 1,330mg/kg and 7,680mg/kg, respectively.  

The median manganese concentration recorded during this investigation was 271mg/kg, and a 
maximum of 4,420mg/kg, which are within the range of concentrations identified by previous 
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Figure 4.1: Boreholes containing elevated manganese concentrations
Sampling and Analysis Plan Implementation Report (area to be dredged)Date: 24/11/2015 Version: 4 Job No: 237374

Source:
Aerial: GPC, 2015 and DigitalGlobe Web Map Service, 2013.
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Figure 4.2: Boreholes containing elevated manganese concentrations compared with depth
Sampling and Analysis Plan Implementation Report (area to be dredged)Date: 24/11/2015 Version: 4 Job No: 237374

Source:
Aerial: GPC, 2015 and DigitalGlobe Web Map Service, 2013.
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investigations. This indicates that manganese concentrations from the investigation area are 
consistent with the locally derived reference values. 

The 95% UCL for manganese for the investigation area of 469.8mg/kg, is also consistent with 
background concentrations identified in previous investigations within Port Curtis. 

Manganese is the twelfth most abundant element in the Earth's crust with among 300 minerals 
containing manganese and the two main manganese minerals being pyrolusite (MnO2) and 
rhodochrosite (MnCO3). It is an essential element and is required by mammals and birds for normal 
growth. High concentrations of manganese may occur under anoxic (absence of oxygen) conditions 
such as the bottom of deep reservoirs or lakes, or in groundwater. 

Manganese has been recorded as occurring within Port Curtis as early as 1606 when the Portuguese 
explorer Pedro Fernández de Quirós allegedly described the Port Curtis strandline as being strewn 
with “black heavy pebbles”. Cardinal Moran, in his book ‘Discovery of Australia by de Quiros in the 
Year 1606’, went on further to clarify that locally these were referred to in the Port Curtis area as 
“manganese bubbles” (Aurecon 2010). 

There are six separate areas of manganese mineralisation located within the Gladstone area with the 
most significant of which being the historic Mount Millar manganese mine which opened in 1895 and 
operated intermittently until 1916 and then from 1958 to 1960. Exploration permits are currently active 
within the Gladstone area (Genesis Resources Ltd 2010) examining the viability of several northwest 
striking manganese ore deposits within the Doonside Formation approximately 15km west of 
Gladstone. The deposits occur as structurally controlled lenses parallel to bedding in the enclosing 
sediments. 

Manganese was historically mined from 1882 to 1900 at Auckland Hill, adjacent to Port Curtis (GPC 
2012). The rocky face of Auckland Hill is a remnant of this manganese mining and quarrying. 

Terrestrial background values 
Manganese is not specified within NAGD (2009) but is included within the EPA Draft Guidelines for the 
Assessment and Management of Contaminated Land in Queensland (1998). As such, the manganese 
EIL of 500mg/kg has been utilised in order to report the levels contained within the investigation area 
sediments. Of the 157 samples collected, 37 samples at 24 locations reported levels over the 
500mg/kg EIL (refer Figure 4.1). 

In addition, the EPA Draft Guidelines for the Assessment and Management of Contaminated Land in 
Queensland (1998) detail background levels for manganese in soils ranging from 4mg/kg to 
12,600mg/kg, indicating a large abundance and variation of manganese in Queensland soils. All 
samples collected have manganese concentrations within this range. 

While the deeper sediments did report a 95% UCL higher than the 500mg/kg EIL, these are likely to 
be naturally occurring and in line with levels previously reported within the Port Curtis area in previous 
studies.  

The AusIMM (2011), Field Geologist’s Manual, Fifth Edition, provides background ranges for various 
metals and metalloids in Australia, with an average abundance of 850mg/kg for manganese observed 
in Australian soils. The 95% UCL for manganese (regardless of depth) was below this background 
value for soils. 

4.2.10 Nickel 
Guideline values 
Nickel was recorded over the NAGD PQL for all the 157 samples collected. Nine samples were 
reported at or above the NAGD screening level of 21mg/kg with the highest concentration being 
26.9mg/kg from GG17 at a depth of 0.9m to 1.0m. The 95% UCL for all samples was 11.98mg/kg 
which is well below the NAGD screening level.  
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Locally derived reference values 
Given the 95% UCL for nickel was below the NAGD (2009) screening level value, a comparison 
against locally derived reference values was not required. 

As discussed previously, Angel et al. (2010) investigated dissolved metal levels in Port Curtis and 
concluded that nickel and manganese are likely to be released by natural processes such as reduction 
of manganese (hydr)oxides and leaching by the lower sediment and water pH. This is evident in this 
investigation as nickel was identified in all samples and at all depths. 

4.2.11 Selenium 
Guideline values 
Given there are no NAGD (2009) screening level values available for selenium, a comparison against 
locally derived reference values was conducted. 

Locally derived reference values 
Selenium was recorded above the PQL of 0.1mg/kg within 156 of the 157 samples collected. The 
minimum concentration of <0.1mg/kg was from GG17 at a depth of 3.9m to 4.0m while the maximum 
concentration of 5.2mg/kg was from BH63 at a depth of 0.0m to 0.4m. 

When results for selenium are compared against the locally derived reference values, 38 of the 157 
samples recorded concentrations above the PCIMP EH value, with the 95% UCL for selenium 
(1.246mg/kg) only slightly above the PCIMP EH value of 1.0mg/kg.  

During the WBDDP investigation, selenium was detected at concentrations up to 5.4mg/kg with a 
median concentration of 0.4mg/kg (GHD 2009a). Selenium concentrations recorded within the 
investigation area are generally consistent with the results from the WBDDP with a median of 
0.6mg/kg. The 95% UCL for selenium (1.246mg/kg) is within the background range as recorded during 
the WBDDP. 

4.2.12 Silver 
Guideline values 
Silver was recorded above the NAGD PQL at 29 of 157 samples. However, no samples were recorded 
above the NAGD screening level of 1.0mg/kg and the maximum concentration detected was 0.6mg/kg 
from BH12 at a depth of 0.5m to 1.0m. It should be noted that six of the samples reported values of 
<0.5mg/kg as opposed to 0.1mg/kg, as specified in the NAGD PQL. The adjustment for calculating the 
95% UCL, where the recorded value below the LOR is adjusted to half of the LOR, has therefore 
resulted in a more conservative figure being used in the calculations.  

Locally derived reference values 
Given silver was below the NAGD (2009) screening level value in all samples, a comparison against 
locally derived reference values was not required. 

4.2.13 Vanadium 
Guideline values 
Given there are no NAGD (2009) screening level values available for vanadium, a comparison against 
locally derived reference values and terrestrial background values was conducted. 

Locally derived reference values 
Vanadium was recorded above the PQL of 2.0mg/kg within all 157 samples collected, with a minimum 
concentration of 12.4mg/kg from GG02 at a depth of 1.9m to 2.0m and a maximum concentration of 
120mg/kg from BH43 at a depth of 0.0m to 0.5m. 
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When results for vanadium are compared against the locally derived reference values, 72 of the 157 
samples recorded concentrations above the PCIMP EH value and the 95% UCL for vanadium was 
46.0mg/kg, which is slightly above the PCIMP EH value (40mg/kg).  

An investigation by Angel et al. (2012) identified vanadium concentrations in sediments of Port Curtis 
ranging from 11mg/kg to 114mg/kg (median of 40.5mg/kg) while vanadium concentrations in 
sediments ranged from 5.6 mg/kg to 287mg/kg (median of 45.3mg/kg) during the WBDDP 
investigation (GHD 2009a). The vanadium concentrations identified within the investigation area had a 
very similar range with a median concentration of 36.5mg/kg, similar to the locally derived reference 
values. 

Terrestrial background values 
In addition, AusIMM (2011) provides an average abundance value of 100mg/kg for vanadium as 
observed in Australian soils. The 95% UCL for vanadium (46.02mg/kg) is well below this value. 

4.2.14 Zinc 
Guideline values 
Zinc was recorded above the NAGD PQL in all of the 157 samples collected. However, no 
exceedances were recorded over the NAGD screening level value of 200mg/kg with the highest 
concentration recorded being 84.5mg/kg from GG14 at a depth of 1.85m to 1.95m.  

Locally derived reference values 
Given zinc was below the NAGD (2009) screening level value in all samples, a comparison against 
locally derived reference values was not required. 

4.2.15 Mercury 
Guideline values 
Mercury was recorded in 58 of the 157 samples at levels over the NAGD PQL. However, no 
exceedances were recorded over the NAGD screening level of 0.15mg/kg with the maximum 
concentration being 0.1mg/kg, recorded at a depth of 2.9m to 3.0m from borehole GG14.  

Locally derived reference values 
Given mercury was below the NAGD (2009) screening level value in all samples, a comparison 
against locally derived reference values was not required. 

4.3 Organics and BTEX  
No polychlorinated biphenyl (PCB), organochlorine pesticide (OCP) and organophosphorus pesticide 
(OPP) concentrations were detected with all samples tested reporting concentrations below the 
laboratory LORs (and hence below guideline levels).  

A small number of samples (19 samples from 97 samples) recorded TPH concentrations over the LOR 
of 3.0mg/kg with the highest value recorded being 17mg/kg from BH42 at a depth of 1.0m to 1.6m. 
When adjusted to 1.0% TOC, the 95% UCL is 189.9mg/kg, below the NAGD screening level of 
550mg/kg. There were no benzene, toluene, ethylbenzene and xylene (BTEX) detections within any of 
the samples analysed. 

In relation to total recoverable hydrocarbons (TRHs), 44 samples (of 96 collected) reported 
concentrations above the laboratory LOR with the maximum concentration of 19mg/kg (from BH42 at 
1.0m to 1.6m) with a 95% UCL of 6.64mg/kg which is significantly lower than the NAGD screening 
level of 550mg/kg. When the data is normalised to 1.0% TOC, the 95% UCL (315.3mg/kg) remains 
significantly below the NAGD screening level. 

Sixteen of 96 samples reported PAHs (including 11 different PAHs) above the laboratory LORs. These 
16 samples were restricted to five individual borehole locations (BH21 (0.0m to 0.5m); BH42 (0.5m to 
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1.0m) and (1.0m to 1.6m); BH49 (0.0m to 0.5m); BH55 (0.5m to 0.9m) and BH58 (0.0m to 0.5m)). The 
sum of the PAHs was low with the maximum sum of PAHs was 46µg/kg from BH21 at a depth of 0.0m 
to 0.6m. When the data is normalised to 1.0% TOC, the maximum value (2,300µg/kg) and the 95% 
UCL (199µg/kg) are significantly below the NAGD screening level of 10,000µg/kg. 

4.4 Organotins 
Only one sample for tributyltin from the 96 samples collected reported a concentration above the 
NAGD PQL of 1.0mg/kg. This single sample was reported in borehole BH33 from a depth of 1.0m to 
1.5m with a concentration of 5.2μg Sn/kg, which is well below the NAGD screening level of 
9.0μg Sn/kg. 

4.5 Nutrients and total organic carbon  
No guideline values exist for TOC and nutrients in sediments within NAGD (2009) although the PCIMP 
has set EH values derived from the 95th percentile of background data collected previously during the 
PCIMP monitoring with WCS values being set at 10 times the PCIMP EH values (PCIMP 2011). The 
PCIMP EH and WCS for ammonia as N are 15mg/kg and 150mg/kg, respectively.  

Simpson et al. (2013) (unpublished) provides revised sediment quality values, with a proposed 
screening level of 4.0mg/kg for ammonia. 

For ammonia as N, 95 of 97 samples had concentrations recorded above the NAGD PQL of 0.1mg/kg 
with 15 samples recording concentrations over the Simpson et al. (2013) screening level of 4.0mg/kg 
with the maximum concentration recorded being 7.3mg/kg from BH42 at a 1.0m to 1.6m depth. The 
other 14 exceedances of the screening level were all located within the top 1.0m of sediment. 

There were no ammonia as N concentrations recorded in the investigation area in exceedance of the 
PCIMP EH value and the 95% UCL of 2.5mg/kg was significantly below the PCIMP EH value and the 
Simpson et al. (2013) screening level. 

Ammonia as N concentrations within the sediments were generally greater at locations with higher 
TOC and silt/clay content, compared with locations characterised by coarser material. The 95% UCLs 
for TOC and total ammonia as N were 0.28% and 2.5mg/kg, respectively, reflecting the relatively low 
clay content of most of the sampled locations.  

4.6 Dioxins 
Guideline values 
NAGD (2009) does not provide screening levels for dioxins. 

Minimal sampling for dioxins levels has been undertaken previously within Port Curtis, with virtually no 
samples undertaken within the shipping channels. As such, during this investigation, 22 samples were 
taken throughout Port Curtis with 13 samples undertaken within the investigation area (refer 
Figure 4.3). The remaining samples were collected from the potential DMPAs, including East Banks 
Expansion DMPA, West Banks Island DMPA and Port Central Expansion DMPA. 

Results are discussed for all of the samples undertaken, as there was no significant difference 
between results when analysed for the 13 samples as opposed to the full 22 samples. As a result, the 
full 22 dioxin samples were utilised to strengthen the analysis. 

The summary dioxin results from this investigation are: 

 Median: 0.355pg TEQ/g 
 Maximum: 2.89pg TEQ/g 
 Minimum: 0.04pg TEQ/g. 
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Canadian sediment quality guidelines provide for dioxins in marine environments by adopting the 
freshwater ISQGs and probably effect levels (PELs). This is due to a paucity of data for the marine 
environment (Canadian Council of Ministers of the Environment (CCME) 1999). As a result, any 
comparison against these levels should be considered indicative only.  

The Canadian ISQGs represent the concentration below which adverse biological effects are expected 
to rarely occur while PELs are the concentration above which adverse effects are expected to 
frequently occur. The Canadian ISQG value for dioxins is 0.85pg TEQ/g while the PEL is 
21.5pg TEQ/g (CCME 1999). 

All dioxin concentrations recorded during the investigation are significantly below the PEL, while the 
median concentration is below the ISQG, indicating that dioxins within the sediments of Port Curtis are 
unlikely to result in adverse biological effects. 

As dredged material will be placed in a reclamation area for this Project, it is considered more 
appropriate to compare the results to the Dutch Intervention Levels for dioxins (1,000pg/g) (Ministry of 
Housing, Spatial Planning and the Environment 2000). As the median concentration (and maximum) 
are several orders of magnitude below the Dutch Intervention Level, and no risk is likely to future site 
users of the reclamation area. 

Locally derived reference values 
The National Dioxins Program (Müller et al. 2004) has investigated the levels of dioxins around 
Australia by reporting the concentrations of dioxins and dioxin-like chemicals. Dioxins often occur as 
complex mixtures and exert their toxicity by the same mechanism, the concept of toxic equivalents. 
This concept allows the concentration or mass of each dioxin in a complex mix to be connected to an 
equivalent mass of the most toxic dioxin – 2,3,7,8 tetrachlorodibenzo-p-dioxin (TCDD) by using a set 
of toxic equivalency factors (TEFs) which rate the toxicity of the various dioxins against TCDD. The 
equivalent TCDD concentrations are then summed (∑) to estimate the concentration of mixture of 
dioxins as a TCDD equivalent concentration (called ∑TEQ). 

EHP undertook dioxin sampling across 31 sites within Port Curtis and related waterways in early 2012 
whilst investigating the sediment quality of Port Curtis and its tributaries. Many dioxins were detected 
and these detection values were compared with dioxin concentrations from the National Dioxins 
Program using toxic equivalence values (∑TEQ). The ∑TEQ values were found to be typical of those 
recorded throughout Australia for aquatic sediments adjacent to urban/industrial environments and the 
values were considered typical of estuaries in Australia. 

In order to place this investigation in context and compare with the Müller et al. (2004) study and the 
EHP (2012) Port Curtis results, the WHO-TEF calculated using zero for not detected dioxins was 
utilised. As noted within EHP (2012) Port Curtis report, an exact comparison cannot be made as the 
WHO has made some minor changes since the National Dioxins Program. A comparison of dioxins 
∑TEQ values using the same TEFs cannot be made as the raw data from the National Dioxins 
Program are not available. 

The Port Curtis study (EHP 2012) adapted two Müller et al. (2004) box plot figures and compared 
these against their own results. Müller et al. (2004) provides an explanation for interpretation of the 
box plots. When dioxin results from the Project geochemical investigation are compared with both of 
these previous studies (refer Figure 4.4), it can be seen that the results for this study for the sum of 
dioxin equivalent on a dry weight basis (reported as WHO-TEQzero) fall between the concentrations 
shown for agriculture and urban/industrial sediments and appear different from the results reported 
from the Port Curtis investigation (EHP 2012). 
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When the sum of dioxin and furan concentrations on a dry weight basis are compared against group 
totals sediments from freshwater, estuarine and marine environments and the previous Port Curtis 
study (refer Figure 4.5), the results fall between the estuarine and marine sediments and appear to be 
more similar to the marine values. This is in contrast to the previous Port Curtis study (EHP 2012), 
which appeared more similar to the estuarine sediments in terms of group total dioxin levels. This is 
likely due to the exposed outer harbour channel sediments of this investigation being more consistent 
with open marine sediments as opposed to the previous Port Curtis study, which included many of the 
upper tributaries and sheltered waters of Port Curtis with very few samples within the deeper exposed 
outer harbour channels. 
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Figure 4.4 Box plot figures showing WHO-TEF values (calculated using zero for not detected dioxins) 

Figure note: The first three box plots (remote, agriculture and urban/industrial) are adapted from the National Dioxins Program (Müller et al. 2004). The box plot labelled Port Curtis is taken from the 
EHP (2012) Port Curtis Study and the final boxplot illustrates the dioxin results across Port Curtis reported during this investigation. For interpretation of the box plots, refer to the National Dioxins 
Program (Müller et al. 2004). 
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Figure 4.5 Box plot figures showing dioxin Group Total Concentrations pg/g 

Figure note: The first three box plots (freshwater, estuarine and marine) are adapted from the National Dioxins Program (Müller et al. 2004). The box plot labelled Port Curtis is taken from the EHP 
(2012) Port Curtis Study and the final boxplot illustrates the dioxin results across Port Curtis reported during this investigation. For interpretation of the box plots, refer to the National Dioxins Program 
(Müller et al. 2004). 
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5.1 Laboratory QA/QC 
5.1.1 General 
Details of the primary and secondary laboratory QA/QC are provided in Appendices D and E. A 
description of the laboratory QA/QC procedures implemented is provided in Section 2.7. 

5.1.2 Sample conditions 
All samples were received by the laboratories in appropriate sample containers that were pre-treated 
and preserved. Samples were stored in a chilled esky with ice bricks whilst in the field and were frozen 
upon receipt by the laboratory. All samples were delivered to the laboratories within the recommended 
holding times. 

All samples were analysed within the recommended holding times, with the exception of the following: 

 Trip Blank 17   8 days overdue 
 Rinsate 8 (Nitrate as N) 4 days overdue 
 Rinsate 10 (Nitrate as N) 3 days overdue 
 Rinsate 11 (Nitrate as N) 1 day overdue 
 Rinsate 17 (Nitrate as N) 4 days overdue 
 Rinsate 18 (Nitrate as N) 3 days overdue. 

Given the majority of samples were analysed within the recommended holding times and the above 
exceptions are for QA/QC purposes only, it is considered that these samples conditions are 
acceptable. 

5.1.3 Laboratory blanks 
The assessment of the laboratory blank samples reported by ALS Environmental and Eurofins 
reported concentrations of all parameters below the LOR, indicating that the samples were not 
contaminated during laboratory analysis. 

5 Data validation 
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5.1.4 Laboratory duplicates 
The assessment of laboratory duplicates is considered generally acceptable, although some 
exceedances of the NAGD recommended RPD of ±35% were recorded. These exceedances were 
recorded in the following samples/analytes: 

 BH12 0.0-0.5A: 

− Cobalt 
− Zinc 
− Manganese 

 Anonymous sample (17 February 2015): 

− Chromium 

 BH13 0.5-1.0A: 

− Total Phosphorus as P 

 BH40 1.0-1.2A: 

− Aluminium. 

The remaining laboratory duplicates are compliant with the RPD criteria. Given the large volume of 
samples analysed and that only six samples/analytes exceeded the RPD criteria, it is considered that 
the level of precision for the geochemical data is acceptable. 

5.1.5 Surrogate and matrix spikes 
The laboratory control spikes were within the recovery limits for all analytes, with the exception of 
organotins in a few samples, which were only slightly above the recommended limit and were 
considered to be within range of the laboratory’s data quality objectives. 

The percent recovery of matrix spikes for ammonia was not reported for some samples due to primary 
dilution requirements and the high ammonia concentrations in the samples. Matrix spike recovery for 
organotins (mainly, monobutyltin) was less than the NAGD criteria. However, this is not considered to 
be an issue given organotin concentrations were below the LOR in the actual samples. Matrix spike 
recovery for phosphorus was also slightly above the recovery limit in some instances. 

Given these variations from the NAGD criteria were minor and the samples were below NAGD 
screening levels, it is considered the surrogate and matrix spikes from the analysis are acceptable. 

5.2 Field QA/QC 
5.2.1 Trip blanks 
Trip blank samples were utilised at a rate of one sample per day. The majority of trip blank results 
reported no concentrations above the LOR indicating negligible QA issues are evident in relation to 
the storage and transport of samples. 

A single trip blank recorded a contaminant concentration for TRH slightly above the LOR. However, 
given that detected concentrations were significantly below the NAGD screening level, this result is 
considered negligible. QA/QC summary tables are provided in Appendix F. 

5.2.2 Rinsates 
Rinsate samples were collected at a rate of one sample per day from the sampling equipment after 
undergoing a standard decontamination. The majority of rinsate samples report no concentrations 
above the LOR indicating negligible QA issues are evident in relation to the decontamination process. 
QA/QC summary tables are provided in Appendix F. 
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However, some rinsates recorded a single contaminant concentration slightly above the LOR. These 
included: 

 Monobutyltin: 

− Rinsate 2 

 Manganese: 

− Rinsate 17 

 Cadmium: 

− Rinsate 18 

 Ammonia 

− Rinsate 7 
− Rinsate 8 
− Rinsate 10 
− Rinsate 11. 

It should be noted that five of the rinsate samples were analysed between one and four days beyond 
the recommended holding times, due to laboratory delays. 

The detected concentrations in the rinsate were below the PQLs for these contaminants in sediment 
and for each rinsate, only a single contaminant exceeded the LOR. Therefore, these exceedances are 
considered negligible and as such, the rinsate results indicate an acceptable level of decontamination. 

5.2.3 Field triplicates 
Field triplicates were collected to determine the spatial variability in the physical and chemical 
characteristics of the sediments. The RSD was calculated for each contaminant. NAGD (2009) 
recommends the RSD of field triplicates should fall within ±50%. 

A total of six field triplicates were sampled during the Project geochemical investigation within the 
investigation area. RSDs were calculated and reported within this threshold, with the exception of the 
samples presented in Table 5.1. QA/QC summary tables are provided in Appendix F. 

Table 5.1 Field triplicates exceeding the recommended RSD 

Analyte Primary sample Triplicate A Triplicate B RSD (%) 

BH9 0.0-0.45m A 

Arsenic 6.15 16.4 5.88 63.3 

Total phosphorus as P 467 250 162 53.6 

Ammonia as N 3.6 1.2 1.2 69.3 

BH25 0.0-0.5m A 

Total Kjeldahl Nitrogen as 
N 

30 30 130 91.2 

Total Nitrogen as N 30 30 130 91.2 

Ammonia as N 0.3 0.4 1.5 90.8 

BH37 0.0-0.3m A 

Manganese 533 346 176 50.8 

BH38 0.0-0.5m 

Selenium 0.4 0.2 0.6 50.0 

BH44 0.0-0.5m A 

Copper 35.4 35 10 54.3 

Nickel 25 17.9 8 50.3 

Mercury 0.03 0.01 <0.01 70.7 
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Analyte Primary sample Triplicate A Triplicate B RSD (%) 

BH54 0.0-0.5m A 

Arsenic 8.91 26.5 12.8 57.5 

Copper 16.9 6.7 5.4 65.2 

Total Organic Carbon 0.11 0.29 0.6 74.4 
 
A total of 14 field triplicate results exceeded the recommended target RSD. However, given these 
exceedances are likely due to the variation in particle and grain sizes of the sediments, it is considered 
that there was adequate precision from sample collection, handling and the primary laboratory 
analytical techniques. 

5.2.4 Inter-laboratory duplicates 
Inter-laboratory duplicates were collected to assess variation between the laboratories. The primary 
laboratory (ALS Environmental) analysed the Duplicate A samples while the secondary laboratory 
(Eurofins) analysed the Duplicate B samples. 

The RSD was calculated for each contaminant. NAGD (2009) recommends the RSD of inter-
laboratory duplicates should fall within ± 50%. Relative percent deviation (RPD) was calculated where 
the secondary laboratory had a larger LOR than the primary sample or in the instances where a 
contaminant was not analysed by the secondary laboratory. 

A total of three inter-laboratory duplicates were sampled during the Project geochemical investigation 
within the investigation area. RSDs were calculated and reported within this threshold with the 
exception of the samples presented in Table 5.2. QA/QC summary tables are provided in Appendix F. 

Table 5.2 Inter-laboratory duplicates exceeding the recommended RSD 

Analyte Primary sample Duplicate A Duplicate B RSD/RPD (%) 

BH20 0.0-0.4m A 

Total Nitrogen as N 90 140 36 59 

Ammonia as N 0.9 2.4 9.3 106.7 

Total Organic Carbon 0.07 0.15 - 73 

BH49 0.0-0.5m A 

Arsenic 7.97 6.83 22 68.9 

Chromium 22.1 22.1 67 69.9 

Manganese 179 228 680 76.2 

Zinc 36.4 40.9 110 66.1 

Nitrate as N <0.1 <0.1 0.4 86.6 

Total Phosphorus as P 328 352 890 60.7 

Total Organic Carbon 0.11 0.22  - 66.7 

Benzo(g.h.i)perylene 6 <4 <1 68.6 

Sum of PAHs 19 <4 <1 120.5 
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Analyte Primary sample Duplicate A Duplicate B RSD/RPD (%) 

BH62 0.0-0.3m A 

Total Kjeldahl Nitrogen as 
N 

190 170 23 71.4 

Total Nitrogen as N 190 170 24 70.8 

Ammonia as N 1.4 1.5 4.7 74.1 
 
A total of 15 inter-laboratory duplicate results exceeded the recommended target RSD and RPD. 
However, given these exceedances are likely due to the variation in particle and grain sizes of the 
sediments and the low analyte concentrations, it is considered that there is adequate consistency 
between the laboratories, including handling and analytical techniques. 

5.2.5 Acid sulfate soil duplicates 
Duplicate ASS samples were collected to assess the variability and precision of both the sampling 
procedure and the analytical laboratory. The RPD was calculated for each ASS parameter and is 
recommended to fall within the following limit: 

 For values < 10 X LOR, any RPD value is acceptable 
 For values between 10 and 20 times LOR, 0% to 50% RPD is acceptable 
 For values > 20 times LOR, 0% to 20% is acceptable. 

A total of eight ASS duplicates were sampled within the investigation area during the Project 
geochemical investigation. RPDs were calculated and reported within the threshold with the exception 
of the samples presented in Table 5.3. QA/QC summary tables are provided in Appendix F. 

Table 5.3 ASS duplicates exceeding the recommended RPD 

Analyte Primary sample ASS Duplicate RPD (%) 

BH8 1.0m 

Peroxide Calcium (23Wh) 0.25 0.46 59.2 

Acid Reacted Calcium (23X) 0.13 0.32 84.4 

Acidity – Acid Reacted Calcium (a-23X) 63 161 87.5 

Sulfidic – Acid Reacted Calcium (s-23X) 0.1 0.26 88.9 

Excess Acid Neutralising Capacity (23Q) 0.67 1.33 66.0 

Acidity – Excess Acid Neutralising Capacity (a-23Q) 134 265 65.7 

Sulfidic – Excess Acid Neutralising Capacity (s-23Q) 0.21 0.42 66.7 

BH12 0.5m 

Peroxide Sulfur (23De) 0.3 0.18 50.0 

Peroxide Oxidisable Sulfur (23E) 0.2 0.11 58.1 

Acidity – Peroxide Oxidisable Sulfur (a-23E) 127 69 59.2 

BH17 0.0m 

The RPDs did not exceed the recommended limits 

BH38 1.0m 

The RPDs did not exceed the recommended limits 
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Analyte Primary sample ASS Duplicate RPD (%) 

BH40 0.5m 

Peroxide Oxidisable Sulfur (23E) 0.23 0.1 78.8 

Acidity – Peroxide Oxidisable Sulfur (a-23E) 141 66 72.5 

Excess Acid Neutralising Capacity (23Q) 3.39 4.23 22.0 

Acidity – Excess Acid Neutralising Capacity (a-23Q) 678 846 22.0 

Sulfidic – Excess Acid Neutralising Capacity (s-23Q) 1.08 1.35 22.2 

BH54 0.0m 

Acid Reacted Calcium (23X) 2.23 2.75 20.9 

Acidity – Acid Reacted Calcium (a-23X) 1,110 1,370 21.0 

Sulfidic – Acid Reacted Calcium (s-23X) 1.79 2.2 20.6 

Acidity – Acid Reacted Magnesium (a-23U) 27 108 120.0 

Excess Acid Neutralising Capacity (23Q) 6.04 7.63 23.3 

Acidity – Excess Acid Neutralising Capacity (a-23Q) 1,210 1,520 22.7 

Sulfidic – Excess Acid Neutralising Capacity (s-23Q) 1.93 2.44 23.3 

BH56 0.5m 

Peroxide Calcium (23Wh) 4.35 3.21 30.2 

Acid Reacted Calcium (23X) 4.14 3.02 31.3 

Acidity – Acid Reacted Calcium (a-23X) 2,070 1,500 31.9 

Sulfidic – Acid Reacted Calcium (s-23X) 3.32 2.41 31.8 

Excess Acid Neutralising Capacity (23Q) 12.8 7.51 52.1 

Acidity – Excess Acid Neutralising Capacity (a-23Q) 2,560 1,500 52.2 

Sulfidic – Excess Acid Neutralising Capacity (s-23Q) 4.1 2.4 52.3 

BH59 0.5m 

Peroxide Calcium (23Wh) 0.4 0.5 22.2 

Acid Reacted Calcium (23X) 0.16 0.29 57.8 

Acidity – Acid Reacted Calcium (a-23X) 78 143 58.8 

Sulfidic – Acid Reacted Calcium (s-23X) 0.12 0.23 62.9 

Excess Acid Neutralising Capacity (23Q) 1.12 1.96 54.5 

Acidity – Excess Acid Neutralising Capacity (a-23Q) 223 391 54.7 

Sulfidic – Excess Acid Neutralising Capacity (s-23Q) 0.36 0.63 54.5 
 
Review of the ASS duplicates indicated an overall consistency between primary and duplicate 
samples suggesting adequate precision from sample collection, handling and laboratory analytical 
techniques. 

5.3 Summary of data validation 
A total of 14 field triplicate results and 15 inter-laboratory duplicate results exceeded the 
recommended target RSD. These exceedances are likely due to the inherent heterogeneity of the 
sample (i.e. variable mixture of particles and grain sizes). Higher variations can also be expected for 
samples with low analyte concentrations, and higher for organic analytes than for inorganics. 
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The laboratory and field QA/QC are considered to comply with the NAGD requirements. The analytical 
results are therefore representative of the physical and chemical characteristics of the sediment. 

Aurecon deems the quality of the analytical component for the Project geochemical investigation 
acceptable. 
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The Project geochemical investigation was undertaken in compliance with the approved SAP and 
NAGD (2009) by using the vibrocoring process, a NAGD recognised approved device for geochemical 
sampling, and by drilling and sampling at the required density and to the depth of sediments that have 
the potential to be contaminated. Additional sampling was also undertaken during the geotechnical 
investigation in locations and depths beyond the scope of the approved SAP and NAGD (2009). 

Where guideline value exist under NAGD (2009), an assessment against these was undertaken. 
Where no values are present under NAGD (2009), a comparison against locally derived reference 
values and other locally derived reference data (equivalent to the NAGD (2009) term regional ambient 
baseline levels) was undertaken. 

The 95% UCL of all metals and metalloids were below the relevant NAGD (2009) screening levels. A 
small number of arsenic, chromium and nickel samples demonstrated values slightly above the NAGD 
screening levels; however, none of these exceedances were recorded at levels greater than their 
respective NAGD high levels. 

Manganese was also recorded at elevated concentrations within the samples. While the deeper 
sediments did report a 95% UCL for manganese that was higher than the 500mg/kg EIL, these 
concentrations are likely to be naturally occurring and are in line with levels previously reported within 
the Port Curtis area in previous studies (e.g. Angel et al. 2012; GHD 2009a), below values observed 
by Anastasi and Wilson (2010) in Port Curtis of up to 9,000mg/kg, and below the average abundance 
of manganese (850mg/kg) observed in Australian soils (AusIMM 2011). 

No BTEX, PCBs, OCP and OPP concentrations were detected above the LOR with the samples 
analysed. A small number of samples recorded TPH values over the laboratory LOR of 3.0mg/kg and 
when adjusted to 1.0% TOC, the 95% UCL reported a value of 189.9mg/kg. 

Half of the samples detected concentrations of TRH above the laboratory LOR with the maximum 
recorded being 19mg/kg. When the data is normalised to 1.0% TOC, the 95% UCL remains 
significantly below the NAGD screening level at 315.3mg/kg. 

A small number of samples reported PAHs above the laboratory LORs. The sum of the PAHs was low 
with the normalised data (to 1.0% TOC) reporting a maximum value of 2,300 µg/kg and 95% UCL of 
199 µg/kg, which is significantly below the NAGD screening level of 10,000 µg/kg. 

Sampling and analysis for dioxins was undertaken during the Project geochemical investigation as 
limited dioxin testing had been previously carried out within the outer harbour channels. Dioxin 
concentrations from the Project chemical investigation were below the Dutch Intervention Levels and 
Canadian PELs, were in line with previous testing undertaken by EHP in 2012 and were typical of 
marine sediments around Australia when compared with the National Dioxins Program (Müller et al. 
2004). 

6 Conclusions  
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While AASS and PASS material were generally absent from the sediments within the investigation 
area, there were discrete locations where acidity was detected, indicating pockets of ASS that would 
require management. However, the presence of shell material throughout the investigation area 
provides the sediments with an acid neutralising capacity, which lowers the risk of acid being 
produced during dredging and dredged material placement. Management measures will be developed 
in the Project ASS Management Plan. 

As such, geochemical results from this investigation have demonstrated that the sediment from the 
investigation area and the area to be dredged is clean as per NAGD (2009) and is therefore 
chemically suitable for unconfined dredged material placement at sea and chemically suitable for 
placement within a reclamation area within or adjoining Port Curtis. Therefore, further testing such as 
elutriate and bioavailability testing is not required. 

The appraisal of laboratory and field QA/QC procedures and assessments indicates that the results 
comply with the NAGD (2009) requirements. The analytical results are therefore representative of the 
physical and chemical characteristics of the sediment. 
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