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Executive Summary 

Ports North is responsible for the development and management of port facilities vital to the development of 

Cairns and regional centres in Far North Queensland.  

The Cairns Shipping Development Project (the Project) involves upgrading of the existing shipping channel 

and swing basin primarily to accommodate larger cruise ships into Trinity Wharves. Capital dredging and 

dredge material disposal will be required as part of the Project. Therefore, an assessment of suitability of the 

dredged material for unconfined offshore disposal was required. 

The characterisation of the physical and chemical properties of proposed dredged sediment was undertaken 

in accordance with a Sampling and Analysis Plan (SAP) prepared in accordance with requirements set out in 

the National Assessment Guidelines for Dredging (NAGD) and approved by the Great Barrier Reef Marine 

Park Authority. The dredge area was subdivided into Inner Port and Outer Channel subareas based on 

known contaminant status. Sampling was undertaken using piston and vibrocoring with supporting grab 

sampling.  

The Inner Port sediments were generally characterised by high proportions of silt (mean 46.8%) and clay 

(mean 36.9%). Relatively high proportions of coarser sediment were recorded at two locations. The Outer 

Channel sediments were also characterised by high proportions of silt (mean 54.8%) and clay (mean 33.9%). 

Sandy and gravelly sediments contributed 10.1% and 1.3% on average, respectively. 

The sediments in both Inner Port and Outer Channel subareas were found to be suitable for ocean disposal 

in accordance with the NAGD, based on the following analyses: 

 The 95% UCL of the mean concentrations were below their respective NAGD or local screening levels for 

most metals and metalloids within the Inner Port and Outer Channel dredge areas. The only exception 

was mercury detected at high concentrations in two samples of the Inner Port and one sample of the 

Outer Channel. The 95% UCL for mercury in the Inner Port was 0.196 mg/kg and exceeded the NAGD 

screening level of 0.15 mg/kg. The 95% UCL for mercury in Outer Channel remained well below the 

screening level (0.033 mg/kg) due to only low concentrations measured in all other Outer Channel 

samples. 

 Re-analysis in triplicate of the three elevated mercury samples could not confirm the initial high 

concentrations with levels below or close to the Level of Reporting (LOR). Additional elutriate and 

bioavailability assessments undertaken for Inner Port sediments were below their respective LORs 

indicating low bioavailability for mercury and low potential for release into the water column during 

dredging and disposal.  

 Organotin concentrations were either below the LOR or detected in low concentrations in Inner Port and 

Outer Channel sediments. The 95% UCL concentrations for tributyltin (TBT) were well below the NAGD 

screening level of 9 µgSn/kg with concentrations of 0.633 µgSn/kg and 0.411 µgSn/kg for the Inner Port 

and Outer Channel, respectively.  

 The 95% UCL for Total Petroleum Hydrocarbons (TPHs) of 32.22 mg/kg was well below the NAGD 

screening level of 550 mg/kg. Similarly, the 95% UCL for Poly Aromatic Hydrocarbons (PAHs) of 65.2 

µg/kg was well below the NAGD screening level of 10,000 µg/kg. BTEX, organochlorine and 
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organophosphate pesticides were below the LOR in all samples. Only two individual detections of 

perfluorinated compounds (PFCs) were noted at very low concentrations close to the LOR. 

 The herbicide diuron was detected in six of sixteen samples within the Inner Port area in the initial core 

sampling. Additional grab sampling and core sampling of Inner Port and Outer Channel sediments was 

undertaken to further investigate potential diuron contamination. Based on the combined results of all 

sampling events, the 95% UCL for diuron was 1.24 µg/kg for the Inner Port and 0.52 µg/kg for the Outer 

Channel and therefore below the literature derived screening level of 2 µg/kg. 

 Clay plug samples analysed as part of this study had concentrations below respective screening levels for 

all tested parameters, including diuron. It is therefore likely that deeper consolidated sediments are not 

contaminated. 

Whilst the acid sulfate assessment of this study was undertaken in compliance with the approved SAP, it is 

noted that results are not representative of the full depth/volume of the proposed dredging given that core 

refusal was encountered at relatively shallow sediment depths.  Incorporating results from this study and 

additional geotechnical boreholes down to 8.9m below bed level (Golder 2014), the following interpretation of 

available acid sulfate results is provided: 

 The majority of samples tested in this study indicated self-neutralising PASS within the top 1m for the 

Inner Port and Outer Channel. Whilst these results suggest that no treatment would be required for the 

soft surface sediments, a nominal lime treatment of 3-5 kg CaCO3/t would still be recommended should 

the material be placed on land; 

 PASS materials that were not self-neutralising were typically detected from depths of more than 1m below 

the sediment surface. Calculated lime treatment rates ranged between 30 kg lime/m
3
 to 270 kg lime/m

3
 

with an average liming rate of 90 kg lime/m
3
.  

 Firm, stiff and very stiff materials are unlikely to be PASS or require lime treatment. 

 Whilst more data may be required for a comprehensive acid sulfate assessment, Golder (2014) suggest a 

nominal liming rate of 75 kg lime/m
3
 for PASS treatment of the very soft to soft dredged material should 

the material be placed on land. This recommendation is based on the assumption that dredging 

processes cannot be conducted in a manner which segregates the top 1m of soft materials from 

underlying PASS materials. 

 In case of ocean disposal of the dredged material, oxidation of the dredged material is considered unlikely 

as the sediments will stay saturated with seawater. Under normal operating conditions of the dredging 

vessel (PASS exposure timeframe of less than 24 hours) it is considered that the risk of oxidation is 

negligible. Therefore, treatment of the dredged material is not required assuming it is placed at sea. 

The evaluation of laboratory and field QA/QC procedures and assessments indicates that all sampling, 

sample handling and storage and laboratory analysis was undertaken to a high standard providing 

confidence that the presented results are valid to allow an assessment of sediment quality against the NAGD 

guidelines. 
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1 Introduction 

1.1 Background 

Ports North is responsible for the development and management of port facilities vital to the 

development of Cairns and regional centres in Far North Queensland.  

Ports North is planning to improve shipping access to the Port of Cairns to secure Cairns’ place as 

a premier cruise destination in Queensland. 

The Cairns Shipping Development Project (the Project) involves upgrading of the following 

infrastructure for the Port of Cairns, essentially to accommodate larger cruise ships: 

 Expansion of the existing shipping channel and shipping channel swing basin; 

 Placement of the dredged material in a new dredge material placement area (DMPA)_adjacent 

to the existing, approved DMPA in the Great Barrier Reef Marine Park; 

 Establishment of a new swing basin to support future expansion of the HMAS Cairns Navy 

base; 

 Structural upgrade of the existing shipping wharves; and 

 Provision and upgrade of services to the wharves. 

Capital dredging and dredge material disposal will be required as part of the Project. Therefore, an 

assessment of suitability of the dredged material for unconfined offshore disposal was required. 

The Project was determined to be a significant project requiring an Environmental Impact 

Statement (EIS) by the Queensland Government. A referral under the Environment Protection and 

Biodiversity Conservation Act 1999 (EPBC Act) determined that the Project would require Federal 

environmental assessment. Therefore, the sediment quality assessment as part of the EIS will be 

required to respond to both the State Government’s Terms of Reference (TOR) prepared under the 

State Development and Public Works Organisation Act 1971 and the federal EIS Guidelines 

prepared under the EPBC Act.  

The characterisation of the physical and chemical properties of proposed dredged sediment was 

required to be undertaken in accordance with the National Assessment Guidelines for Dredging 

(Commonwealth of Australia 2009; henceforth NAGD). 

The overall aim of this study is to assess the physical and chemical properties of sediments to be 

dredged for the Project, and on the basis of the approach set out in NAGD, assess the suitability of 

dredged material for unconfined ocean disposal.  The specific objectives of the study were to: 

 Describe and quantify the physical properties of sediments to be dredged; 

 Quantify concentrations of potential contaminants in sediments to be dredged; 

 Compare contaminant concentrations to screening levels set out in NAGD to determine whether 

there is a need for further assessment; and 

 Assess the bioavailability of contaminants and potential toxicity effects based on comparisons of 

contaminant concentrations to guideline values. 
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1.2 Proposed Dredging 

A map showing the existing channel outline and the proposed upgrade is provided in Figure 1-1. 

1.2.1 Channel Upgrade 

The existing outer channel at the Port of Cairns is approximately 11.2 km in length, 90 m wide with 

a declared depth of -8.3 m Lowest Astronomical Tide (LAT). The inner channel extends for 2.4 km 

in length and has variable width due to requirements for bends and swing basins. 

The upgraded channel design is based on widening the existing channel to 130 m and increasing 

the declared depth to -9.4 m LAT. It also includes an extension of the existing channel for 

approximately 1 km offshore.  

The channel will extend outside of the nominated widths due to the channel batters, which will 

extend from the channel bed to the natural seabed level at a typical slope of 1 in 4. Furthermore, 

the channel will be dredged to depths greater than the declared depth in some areas (up to a 

maximum of 1.7 m) to allow for siltation between maintenance dredging campaigns. 

1.2.2 Swing Basin Upgrade 

The proposed dredging will also include an expansion of the existing Crystal swing basin adjacent 

to Wharves 1-3 for specific use by cruise ships. Furthermore, a relocation of the existing main 

swing basin to a location further south close to Tropical Reef Shipyard is proposed to provide future 

capacity for expansion of HMAS Cairns and to provide a wider and deeper inner channel for the full 

length of the Inner Port. The relocated main swing basin will be designated as the ‘Smith’s Creek 

swing basin’. 

1.2.3 Capital Dredging 

It is anticipated that a total capital dredge volume of approximately 4.4 million m
3
 will be required 

for the channel and swing basin upgrades. The main component of the dredge volume is related to 

dredging of the Outer Channel. 

A dredging production rate of around 130,000 m
3
 per week is expected. Based on the estimated 

capital dredge volume alone, the dredging programme will require about 23 weeks. 

1.2.4 Maintenance Dredging 

The current maintenance dredging programme is undertaken predominantly by the Trailing Suction 

Hopper Dredger (TSHD) Brisbane and it is envisaged that future maintenance dredging will also be 

undertaken using a TSHD.  

The future maintenance dredging quantity for the Outer Channel is estimated to increase to an 

annual 420,000 m
3
 from an existing annual volume of approximately 320,000 m

3
 (in situ). This does 

not include maintenance dredging of Inner Port areas. The Inner Port maintenance dredging 

quantity is not expected to increase as a result of the Project. 

  





Cairns Shipping Development Project - Sediment Quality Report 4 

Introduction  
 

G:\Admin\B20180.g.gwf_Cairns Port Lead EIS\R.B20180.006.02.SAP Report.docx   
 

 

1.3 Offshore Disposal 

The proposed Dredged Material Placement Area (DMPA) option (Option 1A) for capital dredge 

material placement as part of the CSD proiect is a 1 nm circular area located near to the existing 

DMPA (Figure 1-1). Option 1A represents an optimisation of a preliminary option (i.e. Option 1) 

which was identified in the Initial Advice Statement for the CSD project.  

Both the current DMPA and the proposed DMPA for the CSD project (Option 1A) are located within 

the Great Barrier Reef Marine Park.  However, preliminary resuspension modelling determined that 

an almost fully retentive site could be found at the Option 1A site.  

As such, if the new DMPA site is approved as part of the CSD project and on the basis of its more 

retentive properties, it is likely both the capital material and future maintenance material would be 

placed at this deeper site. 
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2 Methodology 

As outlined in the approved Sampling and Analysis Plan (SAP), the dredge area was subdivided 

into two separate dredging subareas (Inner Port and Outer Channel dredge areas) based on 

expected contaminant status as inferred from a review of existing data. 

2.1 Compliance with SAP and Guidelines 

All sampling and analysis of sediments was undertaken in accordance with the National 

Assessment Guidelines for Dredging (NAGD 2009). With exceptions noted below, sampling and 

analysis procedures followed the approach outlined in the approved SAP (BMT WBM 2013). A 

copy of the approved SAP is provided in Appendix A. Sampling was undertaken by Geochemical 

Assessments (Dr Stuart Taylor). 

2.1.1 Deviations from the SAP 

The following deviations from the SAP are noted: 

 The SAP required initial analysis of 20% of samples from the Inner Port (i.e. all subsamples 

from three locations from a total of 13 locations) for the ‘low risk’ contaminants (refer to Section 

2.6.1 for details). More samples were analysed than required, i.e. subsamples from a total of 

nine locations were analysed; 

 One additional location within the Inner Port close to the main wharf (refer Figure 2-7) was 

sampled and analysed for ‘low risk’ contaminants as agreed to between Ports North and 

Geochemical Assessments; and 

 Holding times for organic contaminants (including diuron) could not be met. Consequently, 

additional sampling was undertaken to meet the requirements of the approved SAP (Section 

2.2). 

2.2 Timing of Sampling 

2.2.1 Initial Sampling Campaign 

The initial sampling was undertaken by Geochemical Assessments in a single campaign between 

18
th
 and 23

rd
 October 2013. Sampling was undertaken during daytime hours.  

Additional sampling was required given that the herbicide diuron was detected at some locations in 

the initial Inner Port at concentrations prompting the analysis of hold samples as per the SAP. 

Further details are provided in Section 3.2.8. 

2.2.2 Additional Grab Sampling 

Additional grab samples were obtained at the required locations in the Inner Port and an initial 20% 

of Outer Channel locations. The additional grab sampling was undertaken by BMT WBM on 26
th
 

November 2013. 
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2.2.3 Supplementary SAP Sampling 

The detection of diuron in two samples of the Outer Channel grab samples prompted the 

development of a Supplementary SAP that was approved by the Great Barrier Marine Park 

Authority on 16 May 2014. A copy of the approved Supplementary SAP is provided in Appendix B. 

Additional core sampling from the Outer Channel and some Inner Port locations was undertaken by 

Geochemical Assessments between 2 and 4 June 2014. 

2.3 Sample Locations 

2.3.1 Field Samples 

A total of 44 locations (14 Inner Port locations and 30 Outer Channel locations) were sampled 

using a combination of piston and vibrocoring in accordance with the SAP and NAGD 

requirements. Maps showing the sampling locations proposed in the SAP and the actual sampling 

locations are provided in Figure 2-1 to Figure 2-7. 

The cores were sub-sampled in 0.5 m intervals in the upper one metre of the core down to dredge 

depth, followed by a composite subsample from 1.0 m to the end of the core if the depth of 

dredging exceeded 1.0 m at the sample location.  

Due to the classification of Inner Port sediments as potentially contaminated, subsampling for the 

Inner Port cores was undertaken in 0.5 m intervals down to dredge depth or core refusal.  

In some cases, subsampling was undertaken in accordance with sediment stratification, e.g. when 

distinct changes in sediment properties were observed along the core profile. 

2.3.2 QA/QC Samples 

Exceeding NAGD requirements based on the number of sample locations, the following field and 

laboratory quality control samples were taken: 

 Three field triplicate samples (two additional samples at locations M180, H165 and U187) to 

determine the small scale (measured in metres) spatial variability of the sediment physical and 

chemical characteristics; and 

 Three triplicate split samples (top layer sample of locations H167, U185 and medium layer 

sample of location U185 thoroughly mixed and split into three containers) to assess laboratory 

variation, with one of the three samples sent to a second (reference) laboratory for analysis. 

All samples were submitted to the primary and secondary laboratories in one batch so no inter-

batch samples were required. 

The Relative Standard Deviation (RSD) or Relative Percent Difference (RPD) was calculated for 

field triplicate and laboratory split samples. Assessment followed NAGD guidelines which 

recommend that the RSD or RPD of replicate samples agree within ±50 %. NAGD also notes that 

they may not always agree within this limit where sediments are highly heterogeneous or vary 

greatly in grain size. 
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2.4 Sample Collection 

2.4.1 Core Sampling 

Navigation to the sampling locations was undertaken using a differentially corrected global 

positioning system (GPS) with an accuracy of approximately ±2 m. 

Sediment cores were collected using a combination of piston coring and vibrocoring. The choice of 

core barrel and coring methodology (i.e. vibrocoring or piston coring) depended on the volume of 

material required for analyses, the texture of the sediment encountered at each sample location 

and the required length of core. Generally, vibrocoring was undertaken in sandy substrates and 

shorter piston cores were collected in muddy sands and muds.  

A medium weight vibrocorer with 50.8 mm (OD) stainless steel core tubes was used which is 

designed for collection of unconsolidated sediment samples in water depths to 34 m. The 

vibrocorer operates on 24V DC power and is highly efficient due to the energy-recovering weight 

system.  

A piston corer using a clean polycarbonate (84 mm OD) or stainless steel (50.8 mm OD) barrels 

was used, where the sediments were fine grained and shorter cores were required. The piston 

corer can collect complete and undisturbed cores at water depths of up to 17 m, but penetration is 

limited in dense sand, clay or rocky sediments. A core barrel was manually pushed into the 

sediment with the piston remaining at bed level to create a partial vacuum and draw sediment into 

the barrel as the unit was raised. The core barrels were then lifted onto the barge and separated 

from the coring device.  

The clay plugs were subsampled separately and five samples analysed for the contaminants of 

potential concern (metals/metalloids and organotins) to confirm the expected low concentrations of 

contaminants in this material.  

The acceptability of each sediment core was determined immediately following collection, and the 

criteria for acceptance of the core included: 

 No obvious loss of surficial sediment; 

 The core had entered the profile vertically; 

 No gaps in the stratigraphy; 

 No disturbance of the sediment stratigraphy; and 

 The core reached the depth of dredging, or core refusal in clay, dense sand or rock. 

2.4.2 Grab Sampling 

Grab sampling was undertaken at sampling locations where no core could be obtained, e.g. due to 

shallow core refusal on consolidated material. 

A large stainless steel Van Veen grab sampler with a 0.145 m
2
 gape was used, which is larger than 

the minimum gape size required by NAGD (0.02 m
2
). The grab sampler is suitable for sampling 
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unconsolidated sediments down to approximately 15cm depth, depending on the type of material 

encountered.  

As per NAGD, the grab sampler was thoroughly cleaned with DeCon 90 solution prior to sampling 

and washed clean between sampling locations.  

Only grab samples with properly closed jaws and no apparent loss of fines were accepted. 

2.4.3 Survey Vessel and Positioning 

The 13 m barge MV Hercules was used to undertake the initial core sampling. The 12 m MV Viking 

(2C survey) was used for the additional grab sampling. For the supplementary SAP sampling, the 

15m vessel  MV Tribulation was used. 

Navigation to the sampling locations was undertaken using a differentially corrected global 

positioning system (GPS) with an accuracy of approximately ±2 m. 

2.5 Sample Handling 

2.5.1 Sample Processing 

Sample management procedures included the careful collection of sediment samples from the core 

tube, following the recovery of the sediment sample from the seabed. Grab samples were 

transferred to a clean tub for processing. 

Photographs of the cores and grab samples were taken and field personnel logged each core 

profile for its physical characteristics and variations in sediment type and texture. The core length 

was measured and the appropriate sample interval subsampled and collected in a clean, stainless 

steel bowl for homogenization prior to the filling of analytical laboratory-supplied clean sampling 

jars.  

Subsampling of cores was undertaken in accordance with NAGD requirements (refer to Section 

2.3.1 for details). Sample identifiers included the location and depth interval, for example. 

QA/QC samples were blind-labelled to ensure that the laboratories could not relate the QA sample 

back to the primary sample. 

2.5.2 Core Log 

All sediment cores were geotechnically logged upon collection on a standardised pro-forma. The 

following information was recorded: 

 Project name; 

 The name of the sample collector; 

 Date of sampling; 

 Type of sampler used (vibrocorer/piston corer, grab sampler); 

 Field sample number; 
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 Northing and Easting of sample location (from onboard DGPS), if different from proposed 

location; 

 Sediment texture, odour and colour; 

 Sediment consistency; and 

 Field records and comments. 

Core logs are presented in Appendices C and D. 

2.5.3 Sample Processing QA/QC 

All sample handling and processing was performed to minimise contamination and sample mix-

ups. All sample equipment was cleaned prior to sample collection using a scrub with 

decontamination solution followed by a rinse with seawater. 

The workspace on the sampling vessel was washed down regularly with ambient seawater to clean 

all surfaces and minimize the potential for dust contamination of samples. All sample processing 

was undertaken away from any potential contamination sources such as engine exhausts, fuels, 

oils, greases, lead weights, zinc anodes, antifouling paint etc. 

Nitrile gloves were worn by all field personnel handling the sediment, and gloves were disposed of 

after processing of each core sample. 

Utmost care was maintained in ensuring that cross-contamination between samples did not occur. 

Samples collected from each interval were placed into appropriately cleaned and preserved 

containers (labelled prior to filling) provided by the analytical laboratory.  

Following sample processing and filling of sample containers, all samples were immediately placed 

into an onboard freezer.  

2.5.4 Sample Submission and Chain of Custody 

All samples were traced using Chain of Custody (CoC) documentation submitted to the laboratory 

to ensure that sample possession and processing could be traced from sample collection to 

reporting of results. 

Copies of the relevant CoC documents are provided together with the laboratory results in 

Appendices E, F, G and H.  

At the conclusion of the sampling program the sediment samples were submitted to the analytical 

laboratories for processing and analysis in a single batch.  

2.6 Laboratory Analysis 

2.6.1 Analytical Tests 

Primary analysis of sediment samples was conducted by Australian Laboratory Services (ALS). 

The analysis of the herbicide diuron was subcontracted to Advanced Analytical Australia (AAA) due 

to the required low limits of reporting. Envirolab Services was chosen as the secondary (reference) 

laboratory for inter-laboratory quality testing. 
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As per the approved SAP, a tiered pilot study approach was adopted for contaminants identified as 

‘low risk’ based on a review of existing sediment quality data.  

The tiered pilot study approach for ‘low risk’ contaminants can be summarised as: 

 Initial analysis of 20% of locations (top, mid and lower subsamples) from the Inner Port; 

remaining 80% of samples stored as hold samples. No analysis proposed for Outer Channel, 

but hold samples to be stored; 

 Significant detections (i.e. > 1/10th of screening level, or five times LOR where no screening 

level exists) in Inner Port triggered analysis of hold samples; no further analysis if 

concentrations were below the above thresholds;  

 Significant detection in top horizon only – Analysis of hold samples for respective 

contaminant(s) in top horizon only; 

 Significant detection down to mid horizon - Analysis of hold samples for respective 

contaminant(s) in top and mid horizon only;  

 Significant detection down to lower horizon - Analysis of hold samples for respective 

contaminant(s) in top, middle and lower horizons; and 

 If analysis of hold samples from the Inner Port was triggered, an initial analysis of 20% of 

samples for the respective parameter(s) and horizon(s) was to be undertaken for the Outer 

Channel with a focus on sampling locations close to the Inner Port. 

A list of analytical parameters for the Inner Port and Outer Channel dredge areas is provided in 

Table 2-1.  

Table 2-1 Comprehensive List of Parameters 

 Inner Port Outer Channel 

Analytical Parameter Analysed 
(Yes/No) 

Analysis 
Frequency 

Analysed 
(Yes/No) 

Analysis 
Frequency 

Contaminants of Potential Concern 

Metals and Metalloids (Ag, 
As, Cd, Cr, Cu, Hg, Ni, Pb, 
Sb, Zn, Fe, Al) 

Yes All samples Yes All samples 

Organotins (MBT, DBT, 
TBT) 

Yes All samples Yes All samples 

‘Low Risk’ Contaminants 

BTEX Yes 20% No - 

Total Petroleum 
Hydrocarbons 

Yes 20% No - 

Polycyclic Aromatic 
Hydrocarbons (PAHs) 

Yes 20% No - 

Organochlorine and 
Organophosphate 
Pesticides 

Yes 20% No - 

Herbicide Diuron Yes 20% No - 
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 Inner Port Outer Channel 

Perfluorinated Compounds 
(PFCs) 

Yes 20% No - 

Other Analyses 

Particle Size distribution 
(sieve and sedigraph) 

Yes All surface 
samples, 10 
samples per 
sediment class 

Yes All surface 
samples, 10 
samples per 
sediment class 

Nutrients (TN, TKN, TP, 
NH4, NOx) 

Yes 20% Yes 20% 

Acid Sulfate Potential 
(Chromium Suite) 

Yes All samples Yes All samples 

Moisture content Yes All samples Yes All samples 

Total organic carbon Yes All samples Yes All samples 

2.6.2 Laboratory Quality Control 

Both laboratories followed laboratory QC procedures in accordance with requirements outlined in 

Appendix F of NAGD. This included analysis of laboratory blanks, duplicates, certified surrogate 

materials and spiked samples. 

Validation of all laboratory QC analyses was conducted in accordance with Appendix A of NAGD to 

confirm suitable data quality for undertaking characterisation of the proposed dredged material. 

2.6.2.1 Laboratory Blanks 

The purpose of this assessment is to monitor a potential laboratory contamination of samples due 

to potential cross-contamination of samples during laboratory preparation, extraction or analysis. 

Blank sample concentrations should be less than or near the detection limit of the method used. 

2.6.2.2 Laboratory Duplicates 

This assessment refers to a randomly selected intra-laboratory split sample, which provides 

information regarding the method precision and sample heterogeneity. Results are presented as 

Relative Percent Difference (RPD) values of two sample concentrations for a specific contaminant.  

NAGD recommends that duplicates should agree within a typical RPD of the method of ±35 %. 

This recommended RPD is typically not adopted by analytical laboratories as it does not account 

for the greater uncertainty for contaminant concentrations close to the method’s detection limit. 

The primary laboratory ALS used the following approach to assess duplicate RPD’s: 

 Result <10 times LOR – no limit to RPD; 

 Result between 10 and 20 times LOR – RPD between 0% and 50%; and 

 Result >20 times LOR – RPD between 0% and 20%. 

The secondary laboratory Envirolabs adhered to the following approach: 

 Results <5 times LOR – no limit to RPD; and 
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 Results >5 times LOR - RPD between 0% and 50%. 

Refer to Appendices E and F for the acceptance criteria of subcontracted laboratories. 

2.6.2.3 Surrogate and Matrix Spikes 

Laboratory Control Samples are either certified reference materials or a blank sample spiked with 

known concentrations of the analytes of interest. The purpose of this measurement is to monitor 

method accuracy.  

Matrix spikes refer to an intra-laboratory split sample spiked with a representative set of target 

analytes of known concentration. Matrix spikes are assessed to monitor potential sample matrix 

effects on analyte recoveries.  

Surrogate spikes are used for organic analytes. Surrogates are known additions to samples which 

mimic the compounds of interested are not normally expected to be present in the sample. 

For both surrogate and matrix spikes, a calculation of the percent recovery of the spiked amount 

against the returned concentration is performed indicating analytical performance in terms of 

extraction efficiency.  

NAGD states that recovery limits of 75% - 125% are generally acceptable. Analytical laboratories 

typically adopt specific surrogate and matrix spike recovery limits for the various contaminant 

compound groups. It is also noted that ideal recovery ranges may be waived in the event of sample 

matrix interference. 

The primary laboratory ALS adopts specific recovery limits for individual compounds as outlined in 

Appendix E. 

The secondary laboratory Envirolabs has the following acceptance criteria for matrix spikes, LCS 

and surrogate recoveries: 

 Trace elements: 70-130%;  

 Organic analyses: 60-140%; and 

 SVOC & speciated phenols: 10-140%. 

2.7 Data Analysis 

2.7.1 Sediment Contaminants 

Concentrations of chemicals measured in sediment samples were compared to screening levels 

listed in Table 2 of NAGD to determine whether the material is suitable for unconfined placement at 

sea or if further analyses, such as elutriate, bioavailability or toxicity testing, are required. 

Specifically, mean concentrations of chemical parameters at the upper 95% confidence level (95% 

UCL) were compared against NAGD guideline levels. This involved the following steps. 

2.7.1.1 Data Pre-treatment 

Analytical values below detection limit were set to one-half of the laboratory Limit of Reporting 

(LOR) as per NAGD recommendation to facilitate 95% UCL calculation. Organic contaminant 
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results were normalised to 1% Total Organic Carbon (TOC) where the measured value is within the 

range of 0.2-10%. If TOC values were outside of this range, the highest (10%) or lowest (0.2%) 

value was adopted as appropriate. Organic parameters with concentrations below detection limits 

were not normalised to 1% TOC but were included at half their LOR. 

One assumption in the calculation of the 95% UCL is that the samples are statistically independent. 

Therefore, field triplicate samples and laboratory split samples were not included in the 95% UCL 

calculation.  

2.7.1.2 Selection of Appropriate 95% UCL Calculation Method 

The methodology for calculating the 95% UCL followed the approach recommended in Appendix A 

of NAGD. A Shapiro-Wilk test was used to determine whether data followed a normal distribution. 

The ProUCL (Version 5.0.00) software package was used for these calculations (Singh et al. 

2010). 

2.7.1.3 Calculation of 95% UCL and Comparison to Screening Levels 

ProUCL Version 5.0.00 was used to calculate the 95% UCL.  For normally distributed data, the 

arithmetic mean and standard deviation were calculated, and the 95% UCL was calculated using 

the one-tailed Student’s t UCL test.  For data that followed a log-normal (or other) distribution, the 

geomean was calculated, and the 95% UCL was analysed using non-parametric Jack-Knife 

analysis as per NAGD recommendation.  

Where 95% UCL values for all analysed parameters fell below NAGD screening levels, the 

sediment was considered clean and suitable for unconfined disposal at sea.  Further testing was 

undertaken for samples where the NAGD or literature derived screening level was exceeded, as 

described below.   

2.7.2 Elutriate and Bioavailability Testing 

Phase III testing included elutriate and bioavailability testing in accordance with NAGD. 

Based on 418,723 m
3
 of potentially contaminated sediment volume in the Inner Port (refer to SAP 

in Appendix A), seven samples were required as per Table 7 in NAGD. 

Elutriate Testing: 

The elutriate test is designed to simulate release of contaminants from sediment during dredged 

material disposal. Testing was carried out using the USEPA’s standard seawater elutriate test 

which involves shaking the sediment samples with four times the volume of seawater at room 

temperature for 30 minutes. The sample was allowed to settle for one hour and the supernatant 

was centrifuged or filtered (0.45 µm) within sixty minutes, and analysed using analytical methods 

appropriate for determining ultra-trace levels in seawater. 

Results were compared to the respective ANZECC/ARMCANZ (2000) marine water quality trigger 

value (for 95% protection of species). 
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Bioavailability Testing: 

The Dilute Acid Extraction (DAE) method was used to provide an estimate of the bioavailable 

fraction of metals/metalloids. The sediment samples were extracted using a weak acid and result 

compared against the respective NAGD screening levels. 

Should both elutriate and bioavailability tests result in values less than the respective guideline 

limits, the material would be considered clean and suitable for ocean disposal. 

2.7.3 Acid Sulfate Soils 

The results of the Chromium Suite analysis were assessed against the Australian framework for 

Acid Sulfate Soil management in coastal systems (Ahern et al. 1998). The risk of acidification was 

determined by the acid-base accounting approach (Ahern et al. 2004). Net acidity was calculated 

from the results as a measure of the acid producing capacity of the sampled sediment upon 

complete oxidation. 

The calculated net acidity was then compared to the QASSIT action criteria of 0.03% S or 18 mol 

H
+
/tonne to assess the need for acid sulfate soil management if the dredged sediments were to be 

placed on land. 

The liming rate indicates the amount of lime that needs to be added to the soil to manage its acid 

generating capacity. 
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3 Results 

3.1 Physical Sediment Characteristics 

3.1.1 Inner Port 

Table 3-1 presents the results of Particle Size Distribution (PSD) in the Inner Port dredge area. The 

Inner Port sediments were generally characterised by high proportions of silt (mean 46.8%) and 

clay (mean 36.9%). Relatively high proportions of coarser sediment were recorded at two locations 

(U185 and J164) with up to 50% sand and up to 11% gravel. 

Table 3-1 Particle Size Distribution – Inner Port 

Sample Clay (<2 µm) Silt (2-60 µm) Sand (0.06-2.00 mm) Gravel (>2mm) 

 % % % % 

K167 0-0.25 47 45 7 1 

M180 0-0.2 41 52 7 0 

H167 0-0.2 42 56 2 0 

H165 0-0.2 42 54 4 0 

U187 0-0.1 39 58 3 0 

U185 0-0.5 24 22 47 7 

U185 0.5-1.0 22 20 50 8 

U185 1.0-1.5 34 33 22 11 

U185 2.5-2.9 42 55 3 0 

I162 0.13-0.33 44 53 2 1 

J164 0-0.5 24 34 35 7 

J164 0.5-1.02 41 50 9 0 

I172 0-0.5 31 68 1 0 

I172 0.5-1.0 44 55 1 0 

Mean 36.9 46.8 13.8 2.5 

STDEV 8.4 14.2 17.5 3.9 

 

3.1.2 Outer Channel 

As demonstrated in Table 3-2, the Outer Channel sediments were also characterised by high 

proportions of silt (mean 54.8%) and clay (mean 33.9%). Sandy and gravelly sediments contributed 

10.1% and 1.3% on average, respectively. 

Table 3-2 Particle Size Distribution – Outer Channel 

Sample Clay (<2 µm) Silt (2-60 µm) Sand (0.06-2.00 mm) Gravel (>2mm) 

 % % % % 

C119 0-0.2 33 58 8 1 

B130 0-0.5 31 64 5 0 

A138 0-0.27 49 50 1 0 

A140 0-0.26 48 50 2 0 
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Sample Clay (<2 µm) Silt (2-60 µm) Sand (0.06-2.00 mm) Gravel (>2mm) 

C146 0-0.25 19 17 46 18 

D147 0-0.05 24 24 31 21 

B2 0-0.55 27 49 23 1 

B7 0-0.50 25 51 22 2 

B7 0.5-0.95 25 50 24 1 

B9 0-0.5 26 54 20 0 

B9 0.5-0.7 25 56 18 1 

C22 0-0.5 39 54 7 0 

C22 0.5-0.9 38 56 6 0 

C29 0-0.5 34 58 8 0 

C29 0.5-0.8 27 61 12 0 

B25 0-0.2 33 51 16 0 

C30 0-0.5 38 60 2 0 

C30 0.5-1.0 41 55 4 0 

C94 0-0.5 34 59 7 0 

C94 0.5-1.0 37 59 4 0 

C99 0-0.5 40 58 2 0 

C121 0-0.5 27 67 6 0 

B108 0-0.5 33 64 3 0 

B108 0.5-1.0 36 56 6 2 

B104 0-0.5 31 42 25 2 

B104 0.5-0.95 36 54 9 1 

C50 0-0.5 32 62 6 0 

C50 1.0-1.2 27 62 11 0 

C53 0-0.5 35 63 2 0 

B54 0-0.5 33 62 5 0 

B63 0-0.5 34 62 4 0 

B41 0-0.5 36 56 8 0 

B41 0.5-0.9 34 63 3 0 

C72 0-0.5 33 53 14 0 

B74 0-0.5 29 69 2 0 

B74 1.0-1.9 39 57 4 0 

B79 1.0-1.8 38 59 3 0 

C82 1.0-1.53 34 59 7 0 

A127 0-0.5 40 49 11 0 

A127 1.0-1.7 48 44 8 0 

F150 0-0.43 42 48 8 2 

Mean 33.9 54.8 10.1 1.3 

STDEV 6.7 9.9 9.4 4.2 
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3.2 Chemical Sediment Characteristics 

Table 3-3 presents the summary statistics and calculation of 95% UCLs for chemical parameters 

with concentrations above the laboratory LOR.  

Concentrations of chemical parameters for individual sub-samples are presented in Table 3-7 for 

the Inner Port dredge area and in Table 3-8 for the Outer Channel dredge area.  

Table 3-3 Summary Statistics for Inner Port (n=23) and Outer Channel (n=64) Sediment 
Samples. Exceedances of Screening Levels are Highlighted in Orange. ‘ND’ denotes ‘Not 

Determined’ and ‘ – ‘ denotes ‘Results below LOR’ 

   Inner Port Outer Channel 

Analyte Units Screening 
Level 

(NAGD or 
local) 

Normal 
(N), 

Lognormal 
(L), 

Neither (X) 

Mean / 
Geo-
mean 

Standard 
Deviation 

95% 
UCL 

Normal 
(N), 

Lognormal 
(L), 

Neither (X) 

Mean / 
Geo-
mean 

Standard 
Deviation 

95% 
UCL 

Moisture Content           

Moisture Content (dried @ 
103°C) 

%  N 40.1 15.1 45.5 X 45.5 9.5 48.7 

Metals & Metalloids           

Aluminium mg/kg  X 14069 5487 17606 N 17849 3125 18501 

Antimony mg/kg 2 - - - - - - - - 

Arsenic mg/kg 30 N 17.8 7.3 20.4 X 17.8 3.6 19.0 

Cadmium mg/kg 1.5 - - - - - - - - 

Chromium mg/kg 80 N 32.1 9.8 35.6 N 33.9 5.2 35.0 

Copper mg/kg 65 N 11.9 6.5 14.3 N 10.7 3.0 11.3 

Cobalt mg/kg  N 9.9 3.8 11.3 X 8.9 1.8 9.5 

Iron mg/kg  N 27506 7734 30275 N 28388 4246 29273 

Lead mg/kg 50 N 18.1 5.8 20.2 N 17.3 3.3 18.1 

Manganese mg/kg  N 583.1 340.9 705.2 X 580.7 209.9 672.4 

Mercury mg/kg 0.15 X 0.037 0.302 0.196 X 0.02 0.04 0.033 

Nickel mg/kg 21 N 14.3 5.4 16.2 X 15.3 3.0 16.3 

Selenium mg/kg  N 2.8 0.9 3.2 N 2.6 0.7 2.8 

Silver mg/kg 1 X 0.3 0.1 0.1 X 0.1 - - 

Vanadium mg/kg  N 41.6 12.3 46.0 X 41.7 8.9 44.4 

Zinc mg/kg 200 N 40.4 21.5 48.1 X 39.4 12.0 44.8 

Nutrients + Total 
Organic Carbon 

          

Ammonia as N mg/kg  X 12.5 35.2 35.1 N 52.6 28.2 51.7 

Nitrite + Nitrate as N (Sol.) mg/kg  X 0.1 0.1 0.08 - - - - 

Total Kjeldahl Nitrogen as 
N 

mg/kg  L 679.7 549.7 1169 N 916.5 370.7 1041 

Total Nitrogen as N mg/kg  L 679.7 549.7 1169 N 916.5 370.7 1041 

Total Phosphorus as P mg/kg  N 318.0 164.8 393 X 390.7 287.6 534.9 

Total Organic Carbon %  N 1.5 1.2 1.9 N 1.1 0.4 1.2 

BTEX           

Benzene mg/kg  - - - - ND ND ND ND 
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   Inner Port Outer Channel 

Analyte Units Screening 
Level 

(NAGD or 
local) 

Normal 
(N), 

Lognormal 
(L), 

Neither (X) 

Mean / 
Geo-
mean 

Standard 
Deviation 

95% 
UCL 

Normal 
(N), 

Lognormal 
(L), 

Neither (X) 

Mean / 
Geo-
mean 

Standard 
Deviation 

95% 
UCL 

Toluene mg/kg  - - - - ND ND ND ND 

Ethylbenzene mg/kg  - - - - ND ND ND ND 

meta- & para-Xylene mg/kg  - - - - ND ND ND ND 

ortho-Xylene mg/kg  - - - - ND ND ND ND 

Total Xylenes mg/kg  - - - - ND ND ND ND 

Sum of BTEX mg/kg  - - - - ND ND ND ND 

Total Petroleum 
Hydrocarbons 

          

C6 - C9 Fraction mg/kg  - - - - ND ND ND ND 

C10 - C14 Fraction mg/kg  X 3.2 0.7 2.0 ND ND ND ND 

C15 - C28 Fraction mg/kg  N 13.3 8.7 17.1 ND ND ND ND 

C29 - C36 Fraction mg/kg  N 15.7 6.7 16.0 ND ND ND ND 

C10 - C36 Fraction (sum) mg/kg 550 N 25.5 15.4 32.2 ND ND ND ND 

Organotin Compounds           

Monobutyltin µgSn/kg  X 6.1 - - - - - - 

Dibutyltin µgSn/kg  X 0.7 0.3 0.6 X 0.7 - - 

Tributyltin µgSn/kg 9 X 0.9 0.5 0.7 X 0.6 0.3 0.4 

Organophosphorus 
Pesticides 

          

Bromophos-ethyl µg/kg  - - - - ND ND ND ND 

Carbophenothion µg/kg  - - - - ND ND ND ND 

Chlorfenvinphos (E) µg/kg  - - - - ND ND ND ND 

Chlorfenvinphos (Z) µg/kg  - - - - ND ND ND ND 

Chlorpyrifos µg/kg  - - - - ND ND ND ND 

Chlorpyrifos-methyl µg/kg  - - - - ND ND ND ND 

Demeton-S-methyl µg/kg  - - - - ND ND ND ND 

Diazinon µg/kg  - - - - ND ND ND ND 

Dichlorvos µg/kg  - - - - ND ND ND ND 

Dimethoate µg/kg  - - - - ND ND ND ND 

Ethion µg/kg  - - - - ND ND ND ND 

Fenamiphos µg/kg  - - - - ND ND ND ND 

Fenthion µg/kg  - - - - ND ND ND ND 

Malathion µg/kg  - - - - ND ND ND ND 

Azinphos Methyl µg/kg  - - - - ND ND ND ND 

Monocrotophos µg/kg  - - - - ND ND ND ND 

Parathion µg/kg  - - - - ND ND ND ND 

Parathion-methyl µg/kg  - - - - ND ND ND ND 

Pirimphos-ethyl µg/kg  - - - - ND ND ND ND 

Prothiofos µg/kg  - - - - ND ND ND ND 
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   Inner Port Outer Channel 

Analyte Units Screening 
Level 

(NAGD or 
local) 

Normal 
(N), 

Lognormal 
(L), 

Neither (X) 

Mean / 
Geo-
mean 

Standard 
Deviation 

95% 
UCL 

Normal 
(N), 

Lognormal 
(L), 

Neither (X) 

Mean / 
Geo-
mean 

Standard 
Deviation 

95% 
UCL 

Organochlorine 
Pesticides 

          

Aldrin µg/kg  - - - - ND ND ND ND 

alpha-BHC µg/kg  - - - - ND ND ND ND 

beta-BHC µg/kg  - - - - ND ND ND ND 

delta-BHC µg/kg  - - - - ND ND ND ND 

4.4`-DDD µg/kg 2 - - - - ND ND ND ND 

4.4`-DDE µg/kg 2.2 - - - - ND ND ND ND 

4.4`-DDT µg/kg 1.6 - - - - ND ND ND ND 

Sum of DDD + DDE + 
DDT 

µg/kg 1.6 - - - - ND ND ND ND 

Dieldrin µg/kg 280 - - - - ND ND ND ND 

alpha-Endosulfan µg/kg  - - - - ND ND ND ND 

beta-Endosulfan µg/kg  - - - - ND ND ND ND 

Endosulfan sulfate µg/kg  - - - - ND ND ND ND 

Endosulfan (sum) µg/kg  - - - - ND ND ND ND 

Endrin µg/kg 10 - - - - ND ND ND ND 

Endrin aldehyde µg/kg  - - - - ND ND ND ND 

Endrin ketone µg/kg  - - - - ND ND ND ND 

Heptachlor µg/kg  - - - - ND ND ND ND 

Heptachlor epoxide µg/kg  - - - - ND ND ND ND 

Hexachlorobenzene 
(HCB) 

µg/kg  - - - - ND ND ND ND 

gamma-BHC µg/kg 0.32 - - - - ND ND ND ND 

Methoxychlor µg/kg  - - - - ND ND ND ND 

cis-Chlordane µg/kg  - - - - ND ND ND ND 

trans-Chlordane µg/kg  - - - - ND ND ND ND 

Total Chlordane (sum) µg/kg 0.5 - - - - ND ND ND ND 

Oxychlordane µg/kg  - - - - ND ND ND ND 

Polynuclear Aromatic 
Hydrocarbons 

          

Naphthalene µg/kg  X 3.7 0.5 3.2 ND ND ND ND 

2-Methylnaphthalene µg/kg  - - - - ND ND ND ND 

Acenaphthylene µg/kg  X 5.4 1.6 3.1 ND ND ND ND 

Acenaphthene µg/kg  X 7.7 0.4 3.7 ND ND ND ND 

Fluorene µg/kg  - - - - ND ND ND ND 

Phenanthrene µg/kg  - - - - ND ND ND ND 

Anthracene µg/kg  X 3.8 - 2.5 ND ND ND ND 

Fluoranthene µg/kg  X 4.3 1.6 3.3 ND ND ND ND 

Pyrene µg/kg  X 5.6 2.6 5.0 ND ND ND ND 

Benz(a)anthracene µg/kg  X 4.7 1.3 2.9 ND ND ND ND 
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   Inner Port Outer Channel 

Analyte Units Screening 
Level 

(NAGD or 
local) 

Normal 
(N), 

Lognormal 
(L), 

Neither (X) 

Mean / 
Geo-
mean 

Standard 
Deviation 

95% 
UCL 

Normal 
(N), 

Lognormal 
(L), 

Neither (X) 

Mean / 
Geo-
mean 

Standard 
Deviation 

95% 
UCL 

Chrysene µg/kg  X 4.4 0.8 2.8 ND ND ND ND 

Benzo(b)fluoranthene µg/kg  X 4.7 1.3 2.9 ND ND ND ND 

Benzo(k)fluoranthene µg/kg  - - - - ND ND ND ND 

Benzo(e)pyrene µg/kg  X 3.3 0.6 2.5 ND ND ND ND 

Benzo(a)pyrene µg/kg  X 5.0 0.9 3.0 ND ND ND ND 

Perylene µg/kg  L 11.7 19.3 22.5 ND ND ND ND 

Benzo(g.h.i)perylene µg/kg  X 2.8 0.5 2.4 ND ND ND ND 

Dibenz(a.h)anthracene µg/kg  - - - - ND ND ND ND 

Indeno(1.2.3.cd)pyrene µg/kg  - - - - ND ND ND ND 

Coronene µg/kg  - - - - ND ND ND ND 

Sum of PAHs µg/kg 10000 N 32.0 24.0 35.3 ND ND ND ND 

Perfluorinated 
Compounds 

          

PFOS mg/kg  - - - - ND ND ND ND 

PFOA mg/kg  - - - - ND ND ND ND 

6:2 Fluorotelomer 
sulfonate (6:2 FtS) 

mg/kg  X 0.00255 - - ND ND ND ND 

8:2 Fluorotelomer 
sulfonate 

mg/kg  - - - - ND ND ND ND 

PFOSA mg/kg  - - - - ND ND ND ND 

N-Me-FOSA mg/kg  - - - - ND ND ND ND 

N-Et-FOSA mg/kg  - - - - ND ND ND ND 

N-Me-FOSE mg/kg  - - - - ND ND ND ND 

N-Et-FOSE mg/kg  - - - - ND ND ND ND 

PFBS mg/kg  - - - - ND ND ND ND 

PFHxS mg/kg  - - - - ND ND ND ND 

PFDcS mg/kg  - - - - ND ND ND ND 

PFHxA mg/kg  - - - - ND ND ND ND 

PFHpA mg/kg  - - - - ND ND ND ND 

PFNA mg/kg  X 0.00009 - - ND ND ND ND 

PFDcA mg/kg  - - - - ND ND ND ND 

PFUnA mg/kg  - - - - ND ND ND ND 

PFDoA mg/kg  - - - - ND ND ND ND 

PFTriA mg/kg  - - - - ND ND ND ND 

PFTeA mg/kg  - - - - ND ND ND ND 

Herbicides           

Diuron µg/kg 2 X 1.36 1.20 1.33 ND ND ND ND 
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3.2.1 Clay Plugs 

Clay plugs were sampled for the Inner Port (two samples) and the Outer Channel (four samples). 

Concentrations of all chemical parameters were below their respective screening levels or below 

the LOR in all clay samples. 

The results of the clay plug analysis indicated that deeper sediment layers, which could not be 

sampled due to core refusal, are unlikely to be contaminated. 

3.2.2 Trace Elements 

3.2.2.1 Inner Port 

The 95% UCL of the mean concentrations were below their respective NAGD or local screening 

levels for most metals and metalloids within the Inner Port dredge area. 

The only exception was mercury with a 95% UCL concentration of 0.196 mg/kg which exceeded 

the NAGD screening level of 0.15 mg/kg (Table 3-3). Mercury concentrations were below the LOR 

or at concentrations well below the screening level for most locations in the Inner Port (Table 3-7). 

High concentrations of mercury were measured in samples H162 (1.2 mg/kg) and U185 1.0-1.5m 

(0.62 mg/kg). Additional elutriate and bioavailability testing was undertaken to further investigate 

potential mercury contamination in the Inner Port (refer to Section 3.2.2.3 for details). 

The NAGD guidelines recognise that sediments in Australia can have high natural levels of arsenic 

and nickel. Naturally elevated arsenic levels were in particular noted for the Cairns Harbour area 

(Worley Parsons 2010). However, extensive elutriate and bioavailability testing for arsenic 

demonstrated an overall low risk and an increase of the local screening level within the Cairns Port 

dredge management areas to 30 mg/kg was agreed to by the Determining Authority. 

Arsenic concentrations in almost all samples were well below the local screening level of 30 mg/kg. 

The only exception was location F156 where an arsenic concentration of 33.3 mg/kg was recorded. 

The 95% UCL concentration for arsenic was 20.4 mg/kg was well below the local screening level of 

30 mg/kg. 

Three marginal exceedances of the nickel screening level of 21 mg/kg were recorded at locations 

U187 (21.9 mg/kg) and I172 (22.3 mg/kg and 21.1 mg/kg). Nevertheless, the 95% UCL 

concentrations remained below the NAGD screening level with 16.21 mg/kg.  

Antimony and cadmium were not detected in any of the samples of the Inner Port. 

3.2.2.2 Outer Channel 

The 95% UCL of the mean concentrations were below their respective NAGD or local screening 

levels for all metals and metalloids within the Outer Channel dredge area (Table 3-3). 

One elevated mercury concentration was measured in the surface sediment at location C53 (0.29 

mg/kg). Nevertheless, the 95% UCL concentration of mercury (0.033 mg/kg) remained well below 

the NAGD screening level of 0.15 mg/kg (Table 3-8). 

Antimony and cadmium were not detected in any of the samples of the Outer Channel. 
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Based on these results, the Outer Channel sediments are considered suitable for ocean disposal in 

accordance with the NAGD guidelines. 

3.2.2.3 Elutriate and Bioavailability Testing 

Elevated mercury concentrations were measured in two samples of the Inner Port and one sample 

within the Outer Channel dredge area. For the Inner Port dredge area, this led to an exceedance of 

the NAGD screening level (Section 3.2.2.1). On the basis of these results, further testing was 

undertaken including: 

 Re-analysis in triplicate of total mercury concentrations in the three samples with elevated 

concentrations; 

 Elutriate analysis on six
1
 samples from the Inner Port (plus two duplicates); and 

 Dilute acid extraction on seven samples from the Inner Port (plus two duplicates). 

Remaining sample volume was used for these tests and samples were analysed within the 

recommended holding time of 28 days. Elutriate and dilute acid extraction tests included the 

samples with the highest recorded mercury levels. The results of these tests are provided in Table 

3-4. 

Table 3-4 Mercury Totals, Elutriate and Bioavailability Results. Exceedances of the NAGD 
Screening Level Highlighted in Orange 

Sample Initial 
Analysis 

Total Hg 
(mg/kg) 

Re-analysis 

Total Hg 
(mg/kg) 

Elutriate 
Analysis 
(µg/L) 

Recommended 
ANZECC 
guideline value 
(µg/L)

2
 

Bioavailability 
Dilute Acid 
Extraction 
(mg/kg) 

NAGD 
Screening 
Level 
(mg/kg) 

H162 1.2 

<0.01 

 

0.1 

<0.01 

0.15 

<0.01 

<0.01 

U185 1.0-
1.5 

0.62 

0.01 <0.1 <0.01 

0.01 
<0.1 <0.01 

0.01 

C53 0-0.5 0.29 

0.02 

  0.02 

0.02 

U185 0-0.5 0.05  
<0.1 <0.01 

<0.1 <0.01 

U187 0-0.1 0.04  <0.1 <0.01 

G155 0-
0.15 

0.03 
 <0.1 <0.01 

M180 0-0.2 0.03  <0.1 <0.01 

H165 0-0.2 0.03  <0.1 <0.01 

 

                                                      
1
 One sample not analysed for elutriates due to insufficient sample volume. 

2
 Marine water, 99% species protection level  
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Re-analysis in triplicate of the three samples with elevated mercury concentrations resulted in low 

mercury concentrations either below or close to the LOR and well below the NAGD screening level 

of 0.15 mg/kg.  

Elutriate test results were below the LOR for all samples and therefore below the ANZECC trigger 

level of 0.1 µg/L. Dilute acid extraction results were below the LOR for all samples and therefore 

below the NAGD screening level of 0.15 mg/kg. 

The results of the elutriate and bioavailability analyses demonstrate that no elevated mercury 

concentrations are expected during dredging and disposal. Bioavailability of mercury appears to be 

very low and marine organisms are not expected to be impacted after disposal of the sediments at 

sea. Given that the triplicate re-analysis of the three samples with elevated mercury concentrations 

could not confirm the initial results it appears to be likely that the initial results were erroneous. 

Based on the combined Phase II and Phase III test results, the Inner Port sediments are 

considered to be suitable for ocean disposal with respect to all tested metals and metalloids in 

accordance with the NAGD guidelines. 

3.2.3 BTEX and Total Petroleum Hydrocarbons 

Concentrations of BTEX were below the LOR in all samples of the Inner Port. Total Petroleum 

Hydrocarbons (TPHs) were detected at low levels within the Inner Port with the maximum 

normalised concentration measured at location I172 (54.2 mg/kg). The 95% UCL for total TPHs 

was 32.22 mg/kg and therefore well below the NAGD screening level of 550 mg/kg (Table 3-3). As 

the maximum normalised concentration did not exceed 10% of the screening level, no further 

testing as per the SAP was required for TPHs. 

Based on these results, the Inner Port sediments are considered suitable for ocean disposal with 

respect to BTEX and TPHs in accordance with the NAGD guidelines. In accordance with the SAP, 

no testing for BTEX and TPHs was undertaken for the Outer Channel dredge area. 

3.2.4 Organotins 

3.2.4.1 Inner Port 

The 95% UCL concentration for the organotin Tributyltin (TBT) was 0.7 µgSn/kg for the Inner Port 

and therefore well below the NAGD screening level of 9 µgSn/kg (Table 3-3). Organotins were 

below the LOR in most samples and, where detected, measured at low concentrations. 

The Inner Port sediments are therefore considered suitable for ocean disposal with respect to 

organotins in accordance with the NAGD guidelines. 

3.2.4.2 Outer Channel 

The 95% UCL concentration for TBT in the Outer Channel was 0.4 µgSn/kg and therefore well 

below the NAGD screening level. Organotin concentrations were mostly below the LOR or 

measured at low concentrations in the Outer Channel. 

The Outer Channel sediments are therefore considered suitable for ocean disposal with respect to 

organotins in accordance with the NAGD guidelines. 
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3.2.5 Poly Aromatic Hydrocarbons (PAHs) 

The 95% UCL concentration for normalised total PAHs was 35.3 µg/kg for the Inner Port and 

therefore well below the NAGD screening level of 10,000 µg/kg. As the maximum total PAHs 

concentration of 65.2 µg/kg was well below 10% of the screening level, no further testing was 

required. 

The Inner Port sediments are therefore considered suitable for ocean disposal with respect to 

PAHs in accordance with the NAGD guidelines. As per the SAP, no testing for PAHs was 

undertaken for the Outer Channel dredge area. 

3.2.6 Organochlorine and Organophosphate Pesticides 

Concentrations of organochlorine pesticides (OCPs) and organophosphate pesticides (OPPs) were 

below the LOR in all samples from the Inner Port. 

The Inner Port sediments are therefore considered suitable for ocean disposal with respect to 

OCPs and OPPs in accordance with the NAGD guidelines. As per the SAP, no testing for OCPs 

and OPPs was undertaken for the Outer Channel dredge area. 

3.2.7 Perfluorinated Compounds 

Concentrations of perfluorinated compounds (PFCs) were below the LOR in most samples. 

Individual PFC compounds were detected at very low concentrations close to LOR in two samples. 

The sample F156 0-0.05 had a normalised concentration of 0.0026 mg/kg of the compound 6:2 

Fluorotelomer sulfonate (6:2 FtS). The sample I172 0.5-1.0 had a normalised concentration of 

0.00009 mg/kg of the compound PFNA. 

Given that PFCs were either not detected or measured at negligible concentrations in the Inner 

Port, the Inner Port sediments are considered suitable for ocean disposal with regards to PFCs. As 

per the SAP, no testing for PFCs was undertaken for the Outer Channel dredge area.  

3.2.8 Herbicide Diuron 

3.2.8.1 Initial Core Sampling 

The herbicide diuron was detected in six of 16 samples within the Inner Port dredge area in the 

initial core sampling. Normalised concentrations ranged between 0.58 µg/kg and 3.84 µg/kg. 

The detection of diuron triggered the need for further testing in accordance with the approved SAP. 

The additional testing involved re-sampling of the untested locations in the Inner Port and 20% of 

Outer Channel locations. Following detection of diuron in two Outer Channel samples, further 

sampling was undertaken at the remaining Outer Channel locations and some locations in the 

Inner Port in accordance with an approved Supplementary SAP (refer Appendix B).  

Table 3-5 shows the summary statistics for all diuron data including the initial sampling, additional 

grab sampling and Supplementary SAP sampling. The diuron data for individual samples is 

presented in Table 3-6.  

The results of the complete diuron dataset are discussed in the following sections.  
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Table 3-5 Diuron Summary Statistics 

 Inner Port + 
grabs (µg/kg) 

Inner Port 
Supplementary 
SAP (µg/kg) 

Inner Port 
all samples 
(µg/kg) 

Outer Channel 
Supplementary 
SAP (µg/kg) 

Outer Channel 
all samples 
(µg/kg) 

Normal (N), 
Lognormal (L), 
Neither (X) 

X X X - X 

Mean / 
Geomean 

0.76 0.55 0.69 - 0.51 

Standard 
Deviation 

1.23 0.12 1.05 - 0.06 

95% UCL 1.55 0.63 1.24 - 0.52 

3.2.8.2 Inner Port Grab and Supplementary Sampling 

Whilst diuron was detected at some locations within the Inner Port dredge area, the 95% UCL of 

1.24 µg/kg for the Inner Port and grab, Supplementary SAP samples and combined Inner Port 

samples was below the literature derived screening level of 2 µg/kg (Table 3-5). 

Diuron concentrations in the additional clay plugs analysed from the Inner Port were below the 

LOR in all clay samples indicating that the underlying clay layers are unlikely to be contaminated 

with diuron (Table 3-6). 

Based on the combined results of all sampling events, the Inner Port sediments are therefore 

considered suitable for ocean disposal in accordance with NAGD procedures. 

3.2.8.3 Outer Channel Grab and Supplementary Sampling 

Diuron was detected at normalised concentrations of 0.57 µg/kg to 0.95 µg/kg at the two locations 

D149 and F150 in the additional grab sampling. The concentrations were therefore below the 

literature derived screening level of 2 µg/kg (Table 3-6). These two sampling locations are located 

in the vicinity of the Inner Port dredge area. 

Diuron was not detected in any of the remaining sampling locations of the Outer Channel for both 

grab sampling and Supplementary SAP sampling. Location F150 was resampled during the 

Supplementary SAP coring and diuron was not detected. 

The 95% UCL diuron concentration for all combined Outer Channel samples was 0.52 µg/kg and 

therefore well below the literature derived screening level of 2 µg/kg (Table 3-5).. 

Based on the combined results of all sampling events, the Outer Channel sediments are therefore 

considered suitable for ocean disposal in accordance with the NAGD guideline procedures. 
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Table 3-6 Normalised Diuron Results for Initial Sampling, Additional Grab Samples and 
Supplementary SAP Sampling. Exceedances of the Screening Level Highlighted in Orange 

Inner Port initial sampling (µg/kg) Additional grab samples 
(µg/kg) 

Supplementary SAP (µg/kg) 

Inner Port   Inner Port   Inner Port   

K167 0-0.25 <1 G155 5.00 H165 0.02-0.1 

(clay plug) 

<1 

M180 0-0.2 1.04 F156 <1 G155 0-0.05  

(clay plug) 

<1 

P180 0-0.05 <1 H160 <1 H167 0.05-0.11 

(clay plug) 

<1 

H167 0-0.2 1.51 H162 <1 H167 0-0.08 Grab 0.78 

H165 0-0.2 0.58 Outer Channel k167 0-0.03 Grab <1 

U187 0-0.1 0.85 A138 <1 P180 0-0.04 Grab <1 

U185 0-0.5 <1 A140 <1 I172 1.05-1.10 

(clay plug) 

<1 

U185 0.5-1.0 <1 C146 <1 M180 0-0.06 Grab 0.75 

U185 1.0-1.5 <1 D147 <1 M180 0.06-0.12 

(clay plug) 

<1 

U185 2.5-2.9 <1 D149 0.57 Outer Channel 

I162 0-0.13 <1 F150 0.95 C94 0-0.5 <1 

I162 0.13-0.33 <1   C94 0.5-0.95 <1 

J164 0-0.5 <1   B2 0-0.5 <1 

J164 0.5-1.02 <1   B2 0.5-1.0 <1 

I172 0-0.5 2.12   B7 0-0.5 <1 

I172 0.5-1.0 3.84   B7 0.5-0.9 <1 

    B9 0-0.5 <1 

    B9 0.5-1.0 <1 

    C22 0-0.5 <1 

    C22 0.5-0.9 <1 

    B25 0-0.5 <1 

    B25 0.5-1.0 <1 

    C29 0-0.5 <1 

    C29 0.5-0.8 <1 

    C30 0-0.5 <1 

    C30 0.5-1.0 <1 

    B41  0-0.5 <1 
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Inner Port initial sampling (µg/kg) Additional grab samples 
(µg/kg) 

Supplementary SAP (µg/kg) 

    B41 0.5-0.9 <1 

    C50 0-0.5 <1 

    C50 0.5-1.0 <1 

    C50 1.0-1.2 <1 

    C53 0-0.5 <1 

    C53 0.5-0.9 <1 

    B54 0-0.5 <1 

    B54 0.5-1.0 <1 

    B54 1.0-1.1 <1 

    C99 0-0.5 <1 

    C99 0.5-0.8 <1 

    B63 0-0.5 <1 

    B63 0.5-1.0 <1 

    B63 1.0-1.8 <1 

    C72 0-0.5 <1 

    C72 0.5-1.0 <1 

    C72 1.0-1.95 <1 

    B74 0-0..5 <1 

    B74 0.5-1.0 <1 

    B74 1.0-2.0 <1 

    B79 0-0.5 <1 

    B79 0.5-1.0 <1 

    B79 1.0-1.8 <1 

    C82 0-0.5 <1 

    C82 0.5-1.0 <1 

    C82 1.0-1.8 <1 

    B104 0-0.5 <1 

    B104 0.5-1.0 <1 

    B104 1.0-1.1 <1 

    B108 0-0.5 <1 

    B108 0.5-1.0 <1 

    B108 1.0-1.3 <1 

    C119 0-0.2 <1 

    C121 0-0.5 <1 
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Inner Port initial sampling (µg/kg) Additional grab samples 
(µg/kg) 

Supplementary SAP (µg/kg) 

    C121 0.5-0.8 <1 

    B130 0-0.5 <1 

    A127 0-0.1 <1 

    A127 0.1-0.55 <1 

    F150 0.01-0.45 <1 

3.2.9 Nutrients and Carbon Content 

3.2.9.1 Inner Port 

Total Nitrogen concentrations ranged between 140 mg/kg and 1540 mg/kg in the Inner Port. 

Averaged Total Phosphorus concentrations ranged between 139 mg/kg and 581 mg/kg. 

Total Ammonia concentrations were below the LOR in about half of the Inner Port samples. Where 

detected, ammonia concentrations ranged between 1 mg/kg and 94 mg/kg. Nitrate and Nitrite 

concentrations were mostly below the LOR with a maximum concentration of 0.2 mg/kg. Total 

Organic Carbon content ranged between 0.06% and 2.75%. 

No screening levels exist in NAGD for nutrients and carbon content in sediments.  However, 

nutrient and carbon levels in the Inner Port were consistent with previous testing of sediments from 

the Inner Port and Navy Base area (BMT WBM 2013), which have been approved for marine 

placement under Ports North long term sea dumping permits. Nutrient concentrations were also 

consistent with those measured at the existing DMPA (Worley Parsons 2011, Worley Parsons 2012 

and Worley Parsons 2013). 

3.2.9.2 Outer Channel 

Total Nitrogen concentrations ranged between 150 mg/kg and 1860 mg/kg in the Outer Channel. 

Averaged Total Phosphorus concentrations ranged between 126 mg/kg and 1770 mg/kg. 

Total Ammonia concentrations were either below the LOR or ranged between 18 mg/kg and 124 

mg/kg. Nitrate and Nitrite concentrations were below the LOR in all samples. Total Organic Carbon 

content ranged between 0.09% and 2.34%. 

No screening levels exist in NAGD for nutrients and carbon content in sediments.  Whilst the 

maximum concentrations were higher than previously recorded in the Outer Channel (BMT WBM 

2013), it should be noted that previous sediment sampling was undertaken only for surface 

sediments (using a grab sampler). Higher nutrient concentrations are typically measured in deeper 

sediment layers that were sampled in this study using coring. 

Nevertheless, the 95% UCL concentrations for nutrients in the Outer Channel (Table 3-3) appear to 

be consistent with previous test results for sediments from the Outer Channel (BMT WBM 2013), 

which have been approved for marine placement under Ports North long term sea dumping 

permits. Nutrient concentrations were also consistent with those measured at the existing DMPA 

(Worley Parsons 2011, Worley Parsons 2012 and Worley Parsons 2013). 
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3.2.10 Acid Sulfate Soils 

3.2.10.1 Inner Port 

Predominantly surface sediments were sampled and tested for the Inner Port with most samples 

obtained from less than 1m sediment depth. The acid sulfate test results for these samples 

indicated that management would be required at three out of ten
3
 tested locations should the 

material be placed on land or exposed to air (Table 3-9). The locations requiring potential 

management were K176, J164 and the deeper sediment layers of U185. Liming rates ranging 

between 17 kg CaCO3/t and 166 kg CaCO3/t were calculated for these samples corresponding to 

net acidity ranging between 226 moles H
+
/t and 2210 moles H

+
/t. 

Potential sulfidic acidity was detected in all samples, indicating that the sediments have the 

potential to generate sulfidic acidity. While most samples had sufficient acid neutralising capacity 

for neutralising acids upon oxidation, a nominal lime treatment of 3-5 kg CaCO3/t would still likely 

be required if the material is placed on land.  

Actual acidity (TAA) was below the LOR at all locations indicating that the sediments were not 

actual acid sulfate soils. 

3.2.10.2 Outer Channel 

The acid sulfate test results for the Outer Channel sediments (most samples less than 1m 

sediment depth) indicated that management would only be potentially required at four out of 30 

sampling locations should the material be placed on land (Table 3-10). The locations requiring 

potential management were A127, A138, A140 and F150, all located towards the southern end of 

the Outer Channel. Liming rates ranging between 2 kg CaCO3/t and 95 kg CaCO3/t were calculated 

for these samples corresponding to net acidity ranging between 25 moles H
+
/t and 1270 moles 

H
+
/t. 

Potential sulfidic acidity was detected in all samples, indicating that the sediments have the 

potential to generate sulfidic acidity. However, most samples (predominantly surface sediments) 

had sufficient acid neutralising capacity for neutralising acids upon oxidation. 

Actual acidity (TAA) was below the LOR at all locations indicating that the sediments were not 

actual acid sulfate soils. 

3.2.10.3 Discussion of Acid Sulfate Results 

As outlined in Section 3.5.2.11 of the approved SAP (Appendix A), the sampling frequency 

prescribed in NAGD does not strictly meet requirements of the Acid Sulfate Soils guidelines (Ahern 

et al. 1998) or the State Planning Policy 2/02 – Guideline Acid sulfate soil and more detailed 

assessment of acid sulfate potential may be required for a comprehensive assessment. 

Whilst the acid sulfate assessment of this study was undertaken in compliance with the approved 

SAP, it is noted that results are not representative of the full depth/volume of the proposed 

dredging given that core refusal was encountered at relatively shallow sediment depths.  

                                                      
3
 Insufficient sample volume for the remaining four sample locations (total of 14 sampling locations in Inner Port) 
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Incorporating results from this study and additional geotechnical boreholes down to 8.9m below 

bed level (Golder 2014), the following interpretation of available acid sulfate results is provided: 

 The majority of samples tested in this study indicated self-neutralising PASS within the top 1m 

along most of the proposed dredge area, i.e. these samples had shell or other neutralising 

material. Whilst these results suggest that no treatment would be required for these surface 

sediments, a nominal lime treatment of 3-5 kg CaCO3/t would still be recommended should the 

material be placed on land; 

 PASS materials that were not self-neutralising were typically detected from depths of more than 

1m below the existing surface. Calculated lime treatment rates ranged between 30 kg lime/m
3
 to 

270 kg lime/m
3
 with an average liming rate of 90 kg lime/m

3
. Addition of lime slurry into pumped 

dredged material is not considered feasible at these liming rates and physical blending of lime 

into the material post placement would be required. 

 Firm, stiff and very stiff materials are unlikely to be PASS or require lime treatment. 

 Whilst it is acknowledged that more data may be required for a comprehensive acid sulfate 

assessment, Golder (2014) suggest a nominal liming rate of 75 kg lime/m
3
 for PASS treatment 

of the very soft to soft dredged material, assuming that dredging processes cannot be 

conducted in a manner which segregates the top 1m of soft materials from underlying PASS 

materials. 

 In case of ocean disposal of the dredged material, oxidation of the dredged material is 

considered unlikely as the sediments will stay saturated with seawater. Under normal operating 

conditions of the dredging vessel (PASS exposure timeframe of less than 24 hours) it is 

considered that the risk of oxidation is low. Therefore, treatment of the dredged material is not 

required assuming it is placed at sea. 
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4 Data Validation 

This Section provides an assessment of data validation including evaluation of QA/QC assessment 

of laboratory and field replicates and laboratory QA/QC procedures in order to provide scientific 

confidence that the presented results are valid. 

4.1 Sediment Sampling Compliance 

Details for the initial core sampling, additional grab sampling and Supplementary SAP sampling are 

provided in Table 4-1, including target coring depths, achieved coring depths and reason for core 

refusal (if any). The reasons for core refusal were the presence of stiff clays or hard material such 

as rocky or gravelly substrate. As outlined in the approved SAP (Section 3.3.2) one of the 

acceptance criteria for a sediment core is that ‘the core must reach the depth of dredging, or core 

refusal in clay, dense sand or rock’.  

The National Assessment Guidelines for Dredging 2009 (NAGD) note that natural geological 

materials such as rocky substrate or stiff clays are generally not considered contaminated (pg. 58 

of NAGD). It is also noted that current coring techniques are generally not capable of penetrating 

such materials. Furthermore, multiple coring attempts were undertaken at most locations were core 

refusal was encountered. 

The core sampling is therefore considered adequate and in full compliance with the approved SAP 

and the NAGD. 

The additional grab sampling was undertaken with core penetration depths between 0m and 0.27m 

at nine out of ten locations. The only exception was location F150 where a core sample down to 

0.8m depth was collected in the initial core sampling. For all other nine locations the grab sampling 

is considered appropriate for an adequate characterisation of shallow surface sediments in 

accordance with the NAGD guidelines. Location F150 was resampled using a corer as part of the 

Supplementary SAP sampling. 

Core logs of the sampled sediments are shown in Appendices C and D. Detailed laboratory results 

are provided in Appendices E (primary laboratory), F (secondary laboratory), G (additional grab 

analyses) and H (Supplementary SAP analyses). 
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4.2 Laboratory QA/QC 

Details of the laboratory QA/QC for the primary and secondary laboratories are provided in 

Appendices E and F. A summary of this assessment is provided in the following sections. Refer to 

Section 2.6.2 for a description of laboratory QA/QC procedures. 

4.2.1 Sample Holding Times and Storage Conditions 

All samples were received by the laboratories in appropriately pre-treated and preserved 

containers. Samples were kept frozen whilst in the field and chilled during delivery (ice packs). Acid 

sulfate samples were delivered frozen to the laboratory. All analyses were undertaken by the 

laboratories within recommended holding times except for diuron. Therefore, additional sampling 

and analysis was undertaken for assessing diuron (Section 2.1.1). 

4.2.2 Laboratory Blanks 

The laboratory blank assessment was satisfactory. 

Measurements of laboratory blanks for the chemical analyses were below the LOR of the specific 

analysis method in the primary and secondary laboratories, including Supplementary SAP 

analyses. This indicates that samples were not contaminated during laboratory analysis. 

4.2.3 Laboratory Duplicates 

The assessment of laboratory duplicates was acceptable. 

For chemical analyses conducted by the primary laboratory, RPDs for most measured components 

were within the laboratories acceptance criteria, including Supplementary SAP analyses. 

The only exception was sample K167 0-0.25 with poor duplicate precision for TPHs due to sample 

heterogeneity as confirmed by re-extraction and re-analysis. This is not considered problematic 

given the overall low TPHs concentrations across the Inner Port dredge area. 

No duplicate outliers were noted for the analysis undertaken by the secondary laboratory. 

4.2.4 Surrogate and Matrix Spikes 

The assessment of surrogate and matrix spike recoveries was satisfactory including the 

Supplementary SAP analyses. 

The primary laboratory ALS recorded matrix spike recoveries outside the laboratory limits for: 

 Monobutyltin and dibutyltin due to matrix interference; and 

 Perfluorinated Compounds (PFCs) due to matrix interference. 

The surrogate and spike recoveries reported by the secondary laboratory were within prescribed 

limits. 

The above matrix spike outliers are not considered problematic given the overall very low 

concentrations of organotins and PFCs within the study area. 
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4.3 Field QA/QC 

4.3.1 Field Triplicates 

The assessment of field triplicate samples taken at the Inner Port (Table 4-2) and the Outer 

Channel (Table 4-3) indicated relatively low spatial heterogeneity with the RSD/RPD below the 

50% NAGD criterion for most parameters. 

The only exception was for individual PAH species at the Inner Port, where a higher variability 

between triplicate cores was observed. This was mainly due to the overall low PAH concentrations 

in the Inner Port sediments. Small differences in PAH concentrations between replicates can lead 

to relatively large changes in the RSD or RPD. 

4.3.2 Field Triplicate Splits 

Most analyses of field triplicate splits for the Inner Port were within the ±50 % NAGD criterion for 

RSDs or RPDs (Table 4-4).  

Exceedances were noted for the trace metals mercury and selenium, TPH C29-C36 fraction, 

several PAHs species and diuron. For all of these parameters the exceedances are due to the 

relatively low concentrations (near detection limits) measured for these parameters. In such cases, 

small differences in concentrations between split samples can lead to relatively large changes in 

the RSD or RPD. 

Most triplicate split analyses for the Outer Channel were within the ±50 % NAGD criterion for RSDs 

or RPDs (Table 4-5). The marginal exceedance noted for chromium reducible sulfur in one 

triplicate split was due to the very low potential acidity measured in these split samples. 

The subsample analysis generally agreed well between the primary and secondary laboratories. 

It is therefore considered that laboratory variation was within acceptable limits. 

4.4 Summary of Data Validation 

The evaluation of laboratory and field QA/QC procedures and assessments indicates that all 

sampling, sample handling and storage and laboratory analysis was undertaken to a high standard 

providing scientific confidence that the presented results are valid to allow an assessment of 

sediment quality against the NAGD guidelines. 
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1 INTRODUCTION 

Ports North is responsible for the development and management of port facilities vital to the 

development of Cairns and regional centres in Far North Queensland. The Corporation has extensive 

property, marina, tourism and cargo facilities in Cairns and its regional ports. 

Ports North is planning to improve shipping access to the Port of Cairns to secure Cairns’ place as a 

premier cruise destination in Queensland. 

The Cairns Shipping Development Project (the Project) involves upgrading of the following 

infrastructure for the Port of Cairns, essentially to accommodate larger cruise ships: 

 Expansion of the existing shipping channel and shipping channel swing basin; 

 Expansion of the existing dredge material placement area; 

 Establishment of a new swing basin to support future expansion of the HMAS Cairns Navy base; 

 Structural upgrade of the existing shipping wharves; and 

 Provision and upgrade of services to the wharves. 

Capital dredging and dredge material disposal will be required as part of the Project. Therefore, an 

assessment of suitability of the dredged material for unconfined offshore disposal will be required. 

The Project was determined to be a significant project requiring an Environmental Impact Statement 

(EIS) by the Queensland Government. A referral under the Environment Protection and Biodiversity 

Conservation  Act 1999 (EPBC Act) determined that the Project would require Federal environmental 

assessment. Therefore, the sediment quality assessment as part of the EIS will be required to 

respond to both the State Government’s Terms of Reference (TOR) prepared under the State 

Development and Public Works Organisation Act 1971 and the federal EIS Guidelines prepared 

under the EPBC Act. 

1.1 Sediment Sampling and Analysis Plan (SAP) Objectives 

The aim of this SAP is to provide a set of procedures that will allow a statistically valid evaluation of 

the physical and chemical sediment properties of the sediments to be dredged. The results of this 

assessment will assist in determining the likely impacts of unconfined offshore disposal of the 

dredged sediment. 

The assessment of physico-chemical sediment properties will be undertaken on the basis of the 

approach set out in the National Assessment Guidelines for Dredging (Commonwealth of Australia 

2009; henceforth NAGD).  

The specific SAP objectives are to: 

 Provide a summary of proposed dredging and disposal operations for the project; 

 Evaluate the history of the dredge area and its catchment together with land-use activities that 

may potentially impact on dredged material quality; 
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 Identify a list of contaminants based on a review of existing data and potential contaminant 

sources; 

 Determine the number of samples required to provide an adequate characterisation of the 

physical and chemical sediment properties; 

 Develop procedures for adequate field collection and handling of sediment samples; 

 Outline adequate quality assurance and quality control (QA/QC) procedures for field sampling 

and laboratory analysis; 

 Provide a description of statistical procedures used to determine the contaminant status of the 

dredged material; 

 Describe procedures for validating the analytical data to assess whether the sample collection, 

handling and laboratory analysis was undertaken to a standard allowing assessment of sediment 

quality against the NAGD guidelines; and 

 Outline the proposed reporting framework for the sediment quality results that will address the 

requirements of the Determining Authority, the State TOR and the federal EIS guidelines. 

1.2 Proposed Dredging 

A map showing the existing channel outline and the proposed upgrade is provided in Figure 1-1. 

Appendix A provides a detailed map with the proposed channel design and swing basins including 

declared and dredged depths for each channel section. 

1.2.1 Channel Upgrade 

The existing outer channel at the Port of Cairns is approximately 11.2 km in length, 90 m wide with a 

declared depth of -8.3 m LAT. The inner channel extends for 2.4 km in length and has variable width 

due to requirements for bends and swing basins. 

The upgraded channel design is based on widening the existing channel to 140 m and increasing the 

declared depth to -9.4 m LAT. It also includes an extension of the existing channel for approximately 

1 km offshore.  

The channel will extend outside of the nominated widths due to the channel batters, which will extend 

from the channel bed to the natural seabed level at a typical slope of 1 in 5. Furthermore, the channel 

will be dredged to depths greater than the declared depth in some areas (up to a maximum of 1.7 m) 

to allow for siltation between maintenance dredging campaigns. 

1.2.2 Swing Basin Upgrade 

The proposed dredging will also include an expansion of the existing Crystal swing basin adjacent to 

Wharves 1-3 for specific use by cruise ships. Furthermore, a relocation of the existing main swing 

basin to a location further south close to Tropical Reef Shipyard is proposed to provide future 

capacity for expansion of HMAS Cairns and to provide a wider and deeper inner channel for the full 

length of the Inner Port. The relocated main swing basin will be designated as the ‘Smith’s Creek 

swing basin). 
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Figure 1-1 Proposed Dredging and Dredge Material Disposal 
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1.2.3 Capital Dredging 

It is anticipated that the following dredging plant will be required: 

 At least one medium size trailing suction hopper dredge (TSHD) with hopper capacity of about 

3,000 m3 to 5,000 m3; 

 Small grab dredger; and 

 Work boats / survey boat. 

It is anticipated that a total capital dredge volume of 5 million m3 will be required for the channel and 

swing basin upgrades. The main component of the dredge volume is related to dredging of the Outer 

Channel. 

A dredging production rate of around 180,000 m3 per week is expected. Based on the estimated 

capital dredge volume alone, the dredging programme will require about 28 weeks. 

1.2.4 Maintenance Dredging 

The current maintenance dredging programme is undertaken predominantly by the TSHD Brisbane 

and it is envisaged that future maintenance dredging will also be undertaken using a TSHD.  

The future maintenance dredging quantity is estimated to increase to an annual 580,000 m3 from an 

existing annual volume of approximately 320,000 m3. 

1.3 Offshore Disposal 

Whilst a variety of Dredge Material Placement Area (DMPA) options (both terrestrial and marine) will 

be assessed in detail as part of the project EIS, a preliminary DMPA options assessment identified an 

extension of the existing DMPA as the preferred option. This DMPA options assessment considered 

environmental, social, legislative/planning and economic factors.  

Given that the proposed offshore DMPA would adjoin the existing DMPA, the effects of dredged 

material disposal at this location have been extensively studied. Previous investigations showed that 

the existing DMPA is performing satisfactorily and not resulting in ongoing impacts to nearby sensitive 

areas (Carter et al. 2002, Environment North 2005, Worley Parsons 2010). 

Figure 1-1 shows the kidney shaped investigation area adjacent to the existing DMPA. The currently 

preferred DMPA option for capital dredge material is a 1 nm circular area located within the eastern 

boundary of the investigation area. 
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2 REVIEW OF EXISTING INFORMATION 

2.1 History of Dredge Area and Catchment 

2.1.1 Capital Dredging 

The first capital dredging works at the Port of Cairns were undertaken within the access channel and 

berths by The Platypus dredge in 1887. By 1929 the channel was deepened and its width increased 

to 45m using the Trinity Bay dredge. The channel had been widened progressively to 60m by the 

early 1940s. A further widening of the channel to 75m and deepening of the entrance to 8.2, was 

undertaken in the early 1970s.  

The most recent capital dredging was undertaken by the Sir Thomas Hiley dredge in 1990, widening 

the channel to 90m with a design depth of 8.3m. 

2.1.2 Maintenance Dredging 

Since development of the Port of Cairns over 100 years ago, maintenance dredging has been an 

ongoing annual requirement to maintain navigable depths within the port navigation areas. 

Maintenance dredging is typically undertaken using a trailing suction hopper dredge (TSHD Brisbane 

in recent years) for the 11.2 km long Outer Channel and also for the Inner Port shipping channel and 

swing basins extending another 2.4 km in length. The clam shell dredger Willunga is typically used to 

dredge areas in the Inner Port that are inaccessible to the TSHD Brisbane. 

Sediments in the outer and inner shipping channel and swing basin areas are predominantly fine 

clayey silts. Some areas in the Outer Channel (near the bend) are subject to scour and characterised 

by stiff clay substrates.  

The Inner Port maintenance dredging includes the main wharves 1-12, Marlin Marina and 

Commercial Fishing Bases 1 and 2. Accumulated sediments in these areas are typically fine silty 

clays due to low energy conditions in these areas favouring settling of fine sediments. The HMAS 

Cairns Nay base is dredged on a contractual basis alternating between inner and outer berth areas 

on an annual rotation. 

Figure 2-1 provides maintenance dredging volumes for the Outer Channel and Inner Port areas 

between 1989 and 2009. 
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Figure 2-1  Dredging Volumes for Outer Channel and Inner Port Areas. Worley Parsons 

(2010) 

2.1.3 Catchment  

The existing environment was described by Worley Parsons (2010) as part of the Cairns Port Long 

Term Management Plan for dredging and dredge spoil management. 

The catchments immediately adjacent to Trinity Inlet and the wider Cairns Harbour area are largely 

developed with the exception of broad mangrove areas to the eastern boundary. While mangroves 

within Trinity Inlet provide a substantial buffer between a mixed urban and agricultural land use 

spectrum to the south, the Port itself is bounded by mixed industrial, commercial and recreational 

land uses to the north and west.  

Being located within a heavily urbanised catchment, the system is likely exposed to a broad range of 

nutrient and pollutant inputs associated with adjacent and upstream agricultural, residential, 

commercial and industrial land uses as well as waste water treatment plant inputs. 

2.2 Existing Data 1995 - 2013 

Detailed sediment quality studies have been undertaken within the Port of Cairns since 1995. A 

comprehensive review of all sediment data collected between 1995 and 2009 is provided in Worley 

Parsons (2010). Further sediment testing results are provided in Worley Parsons (2010, 2011, 2012 

and 2013) for more recent sampling events. 

Sediment testing was usually undertaken using a grab sampler for the Outer Channel and a piston 

corer (to 1.2m depth) for the Inner Port dredge management areas. 

Previous sampling and analysis included the Outer Channel, Inner Port (wharf area), HMAS Navy 

Base, Marlin Marina and Commercial Fishing Bases 1 and 2. The review of historic sediment quality 

results was restricted to the dredge areas relevant for this project, i.e. Outer Channel, Inner Port and 

Navy Base.  
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Table 2-1 provides a summary of sediment quality data measured to date. In recent years, nutrients, 

the herbicide diuron, TPHs and PAHs were only measured at 20% of sample locations for each 

dredge area. 

Table 2-1  Summary of Existing Sediment Quality 1995 - 2013 

Analyte Measurement Events – 
Inner Port, Navy Base 

Measurement Events – 
Outer Channel

Physical parameters    

Particle Size Distribution 2008-2013 2008-2013 

Inorganics   

Metals & Metalloids 1995-2013 1995-2000, 2002-2013 

Nutrients 2007-2013 2007-2013 

Cyanide 1998, 1999, 2006, 2007 1998,1999 

Organics   

Organotins 1995-2013  1995-2000, 2002-2013 

Diuron 2007-2013 2006-2008, 2010-2013 

Total Petroleum Hydrocarbons (TPHs) 1995-2009, 2012 1995-2001, 2003, 2004, 
2008, 2012 

Benzene, Toluene, Ethylbenzene, 
Xylene (BTEX) 

2000, 2003-2007 2000, 2003, 2004 

Polycyclic Aromatic Hydrocarbons 
(PAHs) 

1995, 1996, 2000, 2003-
2008, 2012 

1995, 2000, 2003, 2004, 
2008, 2012 

Organophosphate and Organochlorine 
Pesticides (OPPs and OCPs) 

2000, 2003-2007 2000, 2003, 2004 

Volatile Chlorinated Hydrocarbons 2006 - 

Polychlorinated Biphenyls (PCBs) 2000, 2003-2008 2000, 2003, 2004, 2008 

Phenols Not specified Not specified 

Perfluorinated Compounds (PFCs) 2013 - 

2.2.1 Particle Size Distribution 

Results of particle size distribution analysis were relatively consistent across all studies undertaken 

between 1995 and 2009 and can be summarised as follows: 

 Particle size distributions across dredge areas and the spoil ground were relatively similar on 

average; 

 All dredge areas and the DMPA were dominated by silt and clay fractions; 

 Sands were most abundant within inner port (wharf area) sediments; and 

 Outer channel and inner port sediments varied considerably in sand and gravel fractions 

between sampling locations. Sands and gravels were most prevalent at sites near the mouth of 

Trinity Inlet, but were not a dominant fraction of the sediments to be dredged. 

Particle size distribution results were very similar between 2010 and 2013 and consistent with the 

results of earlier sampling events. Sediments in the Outer Channel and Inner Port including the Navy 

Base were dominated by silts and clays. Outer Channel and Inner Port sediments were typically 

characterised by 80-90% silts and clays and about 10-20% sands. Gravel sediments were 

uncommon. Generally, the Navy base sediments had the highest content of fine sediments with clay 

and silt proportions of up to 96%.  Silt and clay proportions were highest in 2012 ranging between 

97% and 99% across the Outer Channel and Inner Port dredge areas. 
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2.2.2 Metals and Metalloids 

Being part of the annual routine sediment testing, metals and metalloids generally showed the 

highest degree of variation of all contaminants, largely attributable to local geology, catchment land 

use, industries and port operations (CPA 2007). However, metal and metalloid contaminants were 

typically below NAGD screening levels (or screening levels in National Ocean Disposal Guidelines for 

Dredged Material – NODGDM prior to 2009). 

Arsenic has consistently exceeded the screening level at the 95% Upper Confidence Limit (95% 

UCL) in most dredge areas. However, exceedances tended to be marginal over the 20 mg/kg 

screening level with a maximum 95% UCL of 31.8 mg/kg. Additional elutriate and dilute acid 

extraction (DAE) analyses were undertaken to assess bioavailability of arsenic and potential impacts 

on water quality during dredging and spoil disposal.  

DAE analyses indicated a low level of bioavailability of arsenic with concentrations consistently below 

the 20 mg/kg screening level (maximum recorded DAE concentration was 12.9 mg/kg or 44% of total 

arsenic). 

Elutriate testing undertaken with a 1:4 ratio of sediment to seawater returned a maximum 

concentration of 71.9 μg/L, which exceeded the low-reliability ANZECC/ARMCANZ (2000) limits of 

2.3 μg/L for As(III) and 4.5 μg/L for As(V). However, with allowable dilution of at least 100 times at the 

spoil ground, arsenic concentrations were found to be acceptable and unconfined disposal was 

permitted. 

It is recognised that arsenic is naturally elevated in the Cairns region due to the presence of natural 

mineralisation in metamorphic rocks of catchments discharging to Trinity Inlet (e.g. NAGD 2009, 

Preda & Cox 2002, Munksgaard & Parry 2002).  

Given that arsenic analysis results demonstrated an overall low risk to water quality and benthic 

communities, an increase of the local screening level within the Cairns Port dredge management 

areas to 30 mg/kg was agreed to by the Determining Authority. Whilst the 95% UCL for arsenic 

sometimes exceeded the NAGD screening level (up to 25 mg/kg) in recent years, it always remained 

below the agreed local screening level of 30 mg/kg. 

Cadmium and silver concentrations were mostly below detection limits across all dredge areas. 

However, the 95% UCL for silver exceeded the NAGD screening level of 1 mg/kg with a 

concentration of 3.37 mg/kg in 2011. Nevertheless, elutriate and DAE results for silver were below 

the LOR in all analysed samples. Cadmium exceeded the screening level in one sample in 2007. 

Given that the 95% UCL remained below screening level, no further testing was required.  

For all studies undertaken between 1995 and 2013, concentrations of all metals/metalloids and their 

95% UCL were below the NAGD or agreed local screening level. Therefore, metals and metalloids 

were classified as suitable for unconfined sea disposal. 

2.2.3 Cyanide 

Analysis for cyanide was undertaken in 1998 and 1999 (Outer Channel and Inner Port) as well as in 

2006 and 2007 (Inner Port and Navy Base). No detections of cyanide were noted in these sampling 

events. 
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2.2.4 Nutrients  

Nutrients were tested between 2007 and 2013 and generally showed consistent trends between 

years. Total Nitrogen (TN) and Total Kjeldahl Nitrogen (TKN) concentrations generally increased from 

the offshore DMPA towards the Inner Port area including the Navy Base. Except for the DMPA, TN 

consisted mainly of TKN, indicating a high proportion of organically bound nitrogen.  

Highest ammonia concentrations were recorded in the Navy Base dredge area with concentrations 

up to four times higher compared to the Inner Port and Outer Channel dredge areas. Oxidised 

nitrogen concentrations (nitrite and nitrate) were mostly below the LOR or measured at very low 

concentrations. Total Phosphorus concentrations did not show a clear concentration gradient and 

concentrations were similar across all dredge areas. 

It is noted that NAGD does not specify screening levels for sediment nutrients. Table 2-2 provides a 

summary of nutrient concentrations measured between 2010 and 2013 at the Outer Channel, Inner 

Port and Navy Base dredge areas. 

Table 2-2  Ranges of Sediment Nutrient Concentrations Observed Between 2010 and 2013 

Nutrient (mg/kg) Outer Channel Inner Port Navy Base 

Total Nitrogen / Total 

Kjeldahl Nitrogen  

410 - 1500 1100 - 2230 1410 - 2290 

Ammonia 2 - 18 6 - 65 16 - 223 

Oxidised Nitrogen (NOx) <0.1 to 0.2 <0.1 to 0.3 <0.1 to 0.1 

Total Phosphorus 286 - 548 328 - 478 408 - 784 

2.2.5 Organic Compounds 

2.2.5.1 Organotins 

Organotin compounds (including TBT) are derivatives of antifouling paints and have been routinely 

detected in the marina areas, Navy Base, Inner Port and Outer Channel dredge area at or above 

screening guideline levels for individual samples. It is, however, noted that exceedances of the 

screening level at the 95% UCL for TBT only occurred for the Inner Port dredge areas, whereas the  

95% UCL was always below the screening level for the Outer Channel.  

In terms of spatial distribution of TBT detections in the Inner Port area, the Navy Base and wharf 

areas typically had the highest concentrations of TBT. Given the exceedances of the TBT screening 

level within the Inner Port area, further testing was required with elutriate testing undertaken prior to 

2008 and porewater analysis since then. Of the more than 70 elutriate samples analysed for TBT 

since 2005, none have returned levels above 2 ngSn/L, which is below the 6 ngSn/L 

ANZECC/ARMCANZ trigger level (95% species protection level). While the 2008 porewater testing 

failed to meet the required laboratory limit of reporting (LOR), the 2009 porewater analyses returned 

no detections above the required LOR even when total TBT concentrations were up to 92 μgSn/kg, 

i.e. more than 10 times the NAGD screening level. 
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In 2011, a 95% UCL for TBT of 26.5 μgSn/kg was recorded for the Inner Port dredge area, exceeding 

the NAGD screening level of 9 μgSn/kg. Despite this relatively high exceedance, further elutriate and 

porewater analysis resulted in TBT concentrations below the LOR. 

Organotin concentrations were below the LOR in all samples of the Outer Channel, Inner Port and 

Navy Base in 2012. 

On the basis of elutriate and porewater testing for TBT it was concluded that the material was suitable 

for unconfined ocean disposal as per NAGD. 

2.2.5.2 Diuron 

Testing for diuron was requested by the Determining Authority from 2007 onwards. Diuron is a broad 

spectrum herbicide, primarily used in agriculture but also as an active ingredient on some antifouling 

paints. Although no human health risk for diuron has been identified to date, the herbicide is thought 

to have potential impact on aquatic plants such as seagrass and mangrove environments and has 

been banned in Europe and the United Kingdom. 

Diuron was always below the LOR for the Outer Channel area.  

In 2008, diuron was found to be above the literature derived screening level in the sediments of the 

Inner Port. Subsequent elutriate analysis resulted in concentrations less than one-tenth the literature 

derived guideline level of 1 μg/L without any additional dilution. Porewater testing for diuron did not 

result in any detections even when tested at ultra-trace levels of 0.005 μg/L.  

Between 2009 and 2013, normalised (to 1% Total Organic Carbon) diuron results and their 95% UCL 

were always below the literature derived screening level of 2 μg/kg for the Inner Port and Navy Base.  

On the basis of relatively low diuron concentrations at the Inner Port and Navy Base dredge areas 

and no detections noted for the Outer Channel, the sediments were always classified as suitable for 

ocean disposal. 

2.2.5.3 Polycyclic Aromatic Hydrocarbons (PAHs) 

PAHs were always below detection in the Outer Channel for all measurements undertaken between 

2000 and 2012. Detections of PAHs were noted for the Inner Port and Navy Base from 2004 onwards 

with naphthalene exceeding the screening level in one sample in 2008. In 2012, some individual 

detections of PAHs at relatively low concentrations were noted for the Inner Port and Navy Base 

dredge areas. The total PAHs concentration remained well below the NAGD screening level. 

Therefore, sediments for the Outer Channel and Inner Port were always characterised as suitable for 

unconfined ocean disposal with respect to PAHs. 

2.2.5.4 Total Petroleum Hydrocarbons (TPHs) 

TPHs have been consistently detected in the Inner Port and Outer Channel dredge areas. Although 

concentrations remained below screening level, total TPH concentrations of greater than 1/10th of the 

screening level were detected for both the Inner Harbour and Outer Channel dredge areas. 

In 2012, TPH concentrations were mostly below the LOR and therefore below the screening level for 

the Outer Channel and Inner Port dredge areas. 
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Sediments of all dredge areas were therefore always characterised as suitable for ocean disposal as 

per NAGD. 

2.2.5.5 Benzene, Toluene, Ethylbenzene and Xylene (BTEX) 

Concentrations of BTEX were always below detection for both the Inner Port, Navy Base and Outer 

Channel dredge areas between 2000 and 2007. 

2.2.5.6 Polychlorinated Biphenyls (PCBs)  

Concentrations of PCBs were always below detection for both the Inner Port, Navy Base and Outer 

Channel dredge areas between 1995 and 2008. 

2.2.5.7 Organophosphate and Organochlorine Pesticides 

Concentrations of organochlorine and organophosphate pesticides were always below detection for 

both the Inner Port, Navy Base and Outer Channel dredge areas between 2000 and 2007. 

2.2.5.8 Volatile Chlorinated Hydrocarbons and Phenols  

As described in Worley Parsons (2010) no detections of phenols or volatile chlorinated hydrocarbons 

were noted within the Port of Cairns area. 

2.2.5.9 Perfluorinated Compounds (PFCs) 

Perfluorinated compounds (PFCs) are chemical compounds often used as a component of aqueous 

film-forming foams (AFFFs) used for fire fighting. These compounds are characterised as persistent 

in the environment with the potential to bio-accumulate or biomagnify. A spill of AFFFs (Tridol S3) 

occurred on 28 January 2013 from the BP Australia Pty Ltd depot on Draper Street in Cairns. The 

spill consisted of approximately 1000 L of Tridol S3 concentrate and 60,000 L of water that was 

discharged to the onsite stormwater system draining to Trinity Inlet close to Wharf 11/Navy Base. 

Approximately 21,000 L of the total volume was pumped and disposed via a trade waste contractor, 

resulting in an estimated 40,000 L of diluted foam being potentially discharged to Trinity Inlet.  

Monitoring was undertaken by QLD EHP, and PFCs were detected at the discharge site just after the 

event. Subsequent modelling and validation sampling in April 2013 recorded PFCs at low levels, 

although it was noted that some of the PFCs could have originated from other sources (southern 

sewage treatment plant, based on chemical fingerprinting). Based on this monitoring, it was 

concluded that PFCs occurred at levels that represented a low risk to human health and recreational 

fishing, but had the potential for low level bioaccumulation and biomagnification. 

Ports North undertook testing for PFCs in 39 sediment samples in April 2013. PFC residues were 

only detected in two samples at the shoreline near Wharf 10, potentially caused by historical 

contamination. The initial advice from the Department of Environment and Heritage Protection 

indicated that the spill presented a low risk to the Ports North maintenance dredging areas. The 

sampling confirmed a low probability of a broad scale contamination issue with regards to PFCs and 

approval of the maintenance dredging for 2013 was granted. Analysis for PFCs was proposed to be 

included in the 2014 maintenance dredging campaign at a selection of sampling locations. Sampling 

for PFC’s was also included in the SAP for the MSQ dredge area, with results of sampling in July not 

detecting any PFC residues. 
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3 SAMPLING AND ANALYSIS 

3.1 Sampling Rationale 

3.1.1 Number of Sampling Locations and Subsamples 

As per NAGD, the number of sample locations for capital dredging in a port with existing 

contamination should be based on the volume of the layer of recent sediments which could be 

contaminated, not including the volume of underlying natural geological materials, which are 

expected to be uncontaminated. As per NAGD, the full depth of potentially contaminated sediment is 

defined as at least the top 1 m of sediment, or more if contamination could be found deeper. 

Within Trinity Inlet, ebb tide currents are usually faster than the flood tide currents (at least 20 cm/s 

faster during spring tides) which leads to a net flux of sediments out of the inlet (Carter et al. 2002). 

However, it is noted that fine sediments can accumulate in low energy environments such as tidal 

creeks and the upper inlet areas. For the actual dredge area, the existing channel is dredged 

annually to maintain navigable depth, with the most recent maintenance dredging campaign in July 

2013, i.e. only two to three months prior to the anticipated sampling. It also appears unlikely that large 

volumes of sediment and contaminants have accumulated on the banks of the dredged channel, 

which are proposed to be dredged as part of the Project. 

Therefore, for calculating the number of sampling locations for the Outer Channel, the top 1 m of 

sediment was considered as potentially contaminated and the corresponding volume of potentially 

contaminated dredge material used for calculating the number of sampling locations. For the Inner 

Port area, the actual dredge volume was used for calculating the number of sampling locations given 

that large parts of the Inner Port are already sufficiently deep and would not be dredged as part of the 

Project (mainly areas around the existing swing basin and the Smith’s Creek confluence). Refer to 

Figure 3-1 for the proposed Inner Port dredge areas. In accordance with NAGD recommendations, 

the total dredge area has been subdivided into two separate dredging subareas based on expected 

contaminant status as inferred from the review of existing data (Section 2). Table 6 of NAGD was 

used to determine the number of sampling locations for each dredging subarea (Table 3-1). Table 6 

was linearly extended for calculating the number of sampling locations for the Outer Channel dredge 

area as per NAGD recommendations. Given that current, good quality data were available to support 

the classification, the number of sampling locations was halved and rounded up as per NAGD. 

3.1.1.1 Core Subsampling 

Subsampling at all sample locations for total (whole) sediment analyses will be in accordance with 

NAGD requirements. Sediment will be collected in 0.5 m intervals in the upper one metre of the core, 

followed by a composite subsample from 1.0 m to the end of the core if the depth of dredging 

exceeds 1.0 m at the sample location (i.e. 0 to 0.5 m - Sample 1; 0.5 to 1.0 m - Sample 2; 1.0 m to 

the end of the core, which represents the entire thickness of sediment proposed for dredging at each 

core location or the depth of core refusal - Sample 3).  

Due to the classification of Inner Port sediments as potentially contaminated, subsampling for the 

Inner Port cores will be undertaken in 0.5 m intervals down to dredge depth or core refusal. It is 
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noted, however, that Inner Port subsamples below 1.5 m will only be analysed for the contaminants of 

concern, i.e. metals/metalloids and organotins (refer Section 3.3.2). The numbers of subsamples 

presented in Table 3-1 correspond to the proposed subsampling protocol and to anticipated coring 

depths as per Table 3-3. 

The total number of primary samples to be obtained is provided in Table 3-1. In case of core refusal 

in stiff clays, which are generally considered not to be contaminated, five clay samples will be 

analysed separately for the contaminants of concern (metals/metalloids and organotins) to confirm 

the expected low concentrations in this material. 

 

Figure 3-1 Inner Harbour Dredging Depths 
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Table 3-1  Number of Sampling Locations and Subsamples 

Dredging 
Subarea 

Classification Potentially 
Contaminated Dredge 

Volume (m3) 

# Locations # Subsamples1 

Inner Port Probably contaminated 418,723 13 33 
Outer Channel Probably clean 1,740,696 30 70 

3.1.2 QA/QC Samples 

In accordance with NAGD requirements, the following field and laboratory quality control samples will 

be obtained: 

 Field triplicate samples (two additional cores at 10% of sample locations) to determine the small 

scale variability of the sediment physical and chemical characteristics; 

 Triplicate split samples (primary sample from 5% of locations thoroughly mixed and split into 

three sample container sets)  from top sediment layer to assess laboratory variation, with one of 

the three samples sent to a second (reference) laboratory for analysis; 

 One trip blank container per sampling day (maximum 7 samples) filled with inert material (e.g. 

chromatographic sand) to be analysed concurrent with the analysis of volatile organic 

substances such as; and 

 One inter-batch sample from a previous batch of samples if more than one batch is submitted to 

the laboratory, to determine the analytical variation between batches. However, it is anticipated 

that all samples will be submitted in one batch. 

Table 3-2 provides a summary of QA/QC samples to be obtained for the two dredging subareas. 

Table 3-2  Summary of QA/QC Samples 

Dredging 
Subarea 

Primary Sampling 
Locations 

Field Triplicate 
Samples (Cores) 

Triplicate Split 
Samples 

Trip blanks 

Inner Port 13 12 (4) 4 1 per day, 
maximum 5 Outer Channel 30 18 (6) 2 

3.1.3 Sampling for Elutriate and Bioavailability Testing  

The proposed sediment sampling will not include collection of additional sediment samples for 

potential Phase III testing (elutriate and bioavailability). As per NAGD, Phase III testing would be 

required if the upper 95% confidence limit exceeds the screening level of a contaminant (refer to 

Section 3.7 for details). 

However, should further Phase III testing for metals and metalloids be required, elutriate and 

bioavailability testing could be performed on remaining sample volume collected for the Phase II 

testing. In order to allow potential elutriate analysis, 20 L of seawater will be collected from the 

DMPA. 

                                                      
1 Based on target coring depths (Table 3-3) and proposed subsampling protocol (Section 3.1.1.1). The number 
of subsamples may vary if core refusal is met or cores need to be taken away from centre of assigned grid cells 
due to operational restrictions (refer Section 3.2). 
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Should organic contaminants such as TBT exceed the screening level, additional sampling would 

likely be required, given that analysis of porewater concentrations is the recommended method for 

determining the acceptability for organic contaminants as per NAGD. Depending on the depth 

distribution of the contaminant, such additional sampling may be undertaken using coring or grab 

sampling.  

3.2 Sampling Locations 

Sample locations were selected in accordance with NAGD by laying a square grid over the dredge 

subareas with at least five times the number of grid squares as the number of required sampling 

locations. The sampling locations were then randomly selected from the grid squares. As per NAGD, 

samples would generally be obtained from the centre of the selected grid squares. However, where 

the centre of grid cells is on the existing channel batters, the actual sampling location may need to be 

moved from the centre due to operational restrictions associated with coring on the batter slope. 

Sample locations for the Inner Port area were only chosen for areas that will be dredged as part of 

the Project (refer Figure 3-1). 

Figures 3-2 to 3-8 provide the sampling locations for the Inner Port and Outer Channel dredge areas 

together with the coordinates (centre of grid squares). Table 3-3 outlines the proposed sampling 

locations along with the target coring depth for the centre of the grid square. 

Table 3-3  Proposed Sampling Locations and Target Coring Depths (Centre of Grid Cells). 

Coordinates in GDA94, Zone 55 

# 
Borehole Easting (m) Northing (m) Depth (m LAT) 

Dredge Depth 
(m LAT) 

Target Coring 
Depth (m) 

Outer Channel 

1 B2 375831.31 8139337.38 -8.9 -9.9 1.0 

2 B7 375649.43 8139008.14 -8.9 -9.9 1.0 

3 B9 375576.67 8138876.48 -8.9 -9.9 1.0 

4 B25 374994.6 8137823.11 -8.9 -9.9 1.0 

5 B41 374412.48 8136769.73 -9.0 -9.9 0.9 

6 B54 373939.62 8135913.81 -9.2 -10.3 1.1 

7 B74 373212.06 8134597.05 -9.1 -11.1 2.0 

8 B79 373030.16 8134267.87 -9.3 -11.1 1.8 

9 B104 372120.64 8132622.01 -9.0 -10.1 1.1 

10 B108 371975.13 8132358.66 -8.8 -10.1 1.3 

11 C22 375169.89 8137984.37 -9.0 -9.9 0.9 

12 C29 374915.18 8137523.56 -9.1 -9.9 0.8 

13 C30 374878.81 8137457.74 -8.9 -9.9 1.0 

14 C50 374151.25 8136141.01 -8.7 -9.9 1.2 

15 C53 374042.16 8135943.52 -9.4 -10.3 0.9 

16 C72 373350.95 8134692.6 -8.9 -11.1 2.2 

17 C82 372987.15 8134034.15 -9.3 -11.1 1.8 

18 C94 372550.66 8133244.14 -9.1 -10.1 1.0 

19 C99 372368.68 8132914.96 -9.3 -10.1 0.8 

20 B63 373612.13 8135321.32 -9.1 -11.1 2.0 
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# 
Borehole Easting (m) Northing (m) Depth (m LAT) 

Dredge Depth 
(m LAT) 

Target Coring 
Depth (m) 

21 A140 370744.89 8130287.97 -8.0 -9.7 1.7 

22 C146 370658.94 8129820.61 -9.0 -9.7 0.7 

23 D147 370688.75 8129718.56 -9.1 -9.7 0.6 

24 D149 370615.96 8129586.88 -9.3 -9.7 0.4 

25 F150 370711.93 8129448.72 -6.6 -9.7 3.1 

26 A127 371217.8 8131143.87 -8.2 -10.6 2.4 

27 A138 370817.58 8130419.76 -8.4 -9.7 1.3 

28 B130 371174.81 8130910.25 -10.1 -10.6 0.5 

29 C119 371641.11 8131598.24 -9.9 -10.1 0.2 

30 C121 371568.42 8131466.56 -9.8 -10.6 0.8 

Inner Port 

31 F156 370493.67 8129053.68 -9.3 -9.7 0.4 

32 G155 370596.17 8129083.3 -7.5 -9.7 2.2 

33 H160 370480.5117 8128717.884 -9.0 -9.7 0.7 

34 H162 370407.7256 8128586.211 -9.3 -9.7 0.4 

35 H165 370298.6001 8128388.801 -9.4 -9.7 0.3 

36 H167 370225.8223 8128257.118 -9.1 -9.7 0.6 

37 I162 370473.882 8128550.098 -7.3 -9.7 2.4 

38 J164 370467.2523 8128382.202 -7.5 -9.7 2.2 

39 K167 370424.2832 8128148.47 -7.6 -8.3 0.7 

40 M180 370083.7793 8127220.229 -9.3 -9.7 0.4 

41 P180 370282.2238 8127111.691 -9.4 -9.7 0.3 

42 U185 370431.185 8126601.525 -5.4 -8.3 2.9 

43 U187 370358.4154 8126469.842 -8.2 -8.3 0.1 
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3.3 Sample Collection Methodology 

3.3.1 Survey Vessel and Positioning 

A suitable sampling vessel (13 m barge, MV Hercules, in 2C commercial survey) will be used to 

undertake sediment sampling. The vessel is ideally suited for the proposed coring work with 25 m2 

deck space and appropriate davit. Sediment sampling is expected to take seven days of fieldwork. 

Navigation to the sampling locations will be undertaken using a differentially corrected global 

positioning system (GPS) with an accuracy of approximately ±2 m. 

3.3.2 Sediment Coring 

Sediment cores will be collected by highly experienced personnel, using a combination of piston 

coring and vibrocoring. The choice of core barrel and coring methodology (i.e. vibrocoring or piston 

coring) would be dependent on the volume of material required for analyses, the texture of the 

sediment encountered at each sample location and the required length of core. Generally, vibrocoring 

would be undertaken in sandy substrates and shorter piston cores would be collected in muddy 

sands and muds.  

It is proposed to use a medium weight vibrocorer with 50.8 mm (OD) stainless steel core tubes which 

is designed for collection of unconsolidated sediment samples in water depths to 34 m. The 

vibrocorer operates on 24V DC power and is highly efficient due to the energy-recovering weight 

system. Cores to a maximum length of 6 m can be collected in suitable (unconsolidated) substrates. 

Operation of the corer in deeper water areas may require a float system to ensure that the vibrocorer 

penetrates vertically. 

A piston corer using a clean polycarbonate (84 mm OD) or stainless steel (50.8 mm OD) barrels 

would be used, where the sediments are fine grained and shorter cores (up to about 2.5 m) are 

required. This efficient technique has been successfully employed at numerous locations around 

Australia including Queensland. The piston corer collects complete and undisturbed cores at water 

depths of up to 17 m. The corer is able to penetrate and retain the entire profile of soft sediments, but 

penetration is limited in dense sand, clay or rocky sediments. A core barrel is manually pushed into 

the sediment with the piston remaining at bed level to create a partial vacuum and draw sediment into 

the barrel as the unit is raised. The core barrels is then lifted onto the barge and separated from the 

coring device.  

Core penetration in muddy and sandy substrates is likely to be good, but limited in stiff, clay units 

which are unlikely to be contaminated. In clay substrates a “plug” of clay is typically retained in the 

barrel.  The clay plugs would be subsampled separately and five samples would be analysed for the 

contaminants of potential concern (metals/metalloids and organotins) to confirm the expected low 

concentrations of contaminants in this material.  

The acceptability of each sediment core will be determined immediately following collection, and the 

criteria for acceptance of the core will include: 
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 No obvious loss of surficial sediment; 

 The core must have entered the profile vertically; 

 There must be no gaps in the stratigraphy; 

 There must be no disturbance of the sediment stratigraphy; and 

 The core must reach the depth of dredging, or core refusal in clay, dense sand or rock. 

3.3.3 Sample Handling 

3.3.3.1 Sample Processing 

Sample management procedures on the sampling barge will include the careful collection of sediment 

samples from the core tube, following the recovery of the sediment core from the seabed.  

Photographs of the cores will be taken and field personnel will log each core profile for its physical 

characteristics and variations in sediment type and texture. The core length will be measured and the 

appropriate sample interval subsampled and collected in a clean, stainless steel bowl for 

homogenization prior to the filling of analytical laboratory-supplied clean sampling jars.  

Subsampling of cores will be undertaken in accordance with NAGD requirements (refer to Section 

3.1.1 for details). 

Sample identifiers will include the location and depth interval, for example, C146_0.50-1.00 will 

indicate that the sediment sample was collected from grid cell location C146 (refer Section 3.2) over 

the interval from 0.50 m to 1.00 m. 

QA/QC samples will be blind-labelled to ensure that the laboratories cannot relate the QA sample 

back to the primary sample. 

3.3.3.2 Core Log 

All sediment cores will be geotechnically logged upon collection on a standardised pro-forma. The 

following information will be recorded: 

 Project name and number; 

 The name of the sample collector; 

 Date and Time of sampling; 

 Type of core sampler used (vibrocorer/piston corer, type of core barrel used). 

 Field sample number; 

 Northing and Easting of sample location (from onboard DGPS); 

 Sediment colour; 

 Sediment odour; 

 Field texture (fine sand, silt, clay, sand, clayey sand); 

 Tidal predictions and water depth at sample location (derived from onboard depth sounder); 
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 Weather and sea state conditions at the time of sampling; and 

 General comments pertaining to the sample (e.g. presence of organic matter or benthic 

organisms, etc. 

3.3.3.3 Sample Processing QA/QC 

Field sampling and processing will be undertaken by Geochemical Assessments Pty Ltd, led by Dr 

Stuart Taylor who has almost 20 years of experience in undertaking environmental and geochemical 

assessments. 

All sample handling and processing will be performed to minimise contamination and sample mix-

ups. All sample equipment will be cleaned prior to sample collection using a scrub with 

decontamination solution followed by a rinse with seawater. 

The workspace on the barge will be washed down regularly with ambient seawater to clean all 

surfaces and minimize the potential for dust contamination of samples. All sample processing will be 

undertaken away from any potential contamination sources such as engine exhausts, fuels, oils, 

greases, lead weights, zinc anodes, antifouling paint etc. 

Nitrile gloves will be worn by all field personnel handling the sediment, and gloves will be disposed of 

after processing of each core sample. 

Utmost care will be maintained in ensuring that cross-contamination between samples is not possible. 

Samples collected from each interval will be placed into appropriately cleaned and preserved 

containers (labelled prior to filling) provided by the analytical laboratories.  

Following sample processing and filling of sample containers, all samples will be immediately placed 

into an onboard freezer.  

3.3.3.4 Sample Submission and Chain of Custody 

All samples will be traced using Chain of Custody (COC) documentation submitted to the laboratory. 

This will ensure that sample possession and processing can be traced from sample collection to 

reporting of results. 

The COC record may include, but is not limited to, the following information: 

 Project name and number; 

 Name(s) of sampler(s); 

 Sample type, identification number and location; 

 Date of collection; 

 Number and types of containers; 

 Required analyses; 

 Preservatives (if any) and storage conditions; and 

 Signatures documenting change of sample custody. 
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At the conclusion of the sampling program the sediment samples will be submitted to the analytical 

laboratories for processing and analysis in a single batch. The frozen samples will be placed in eskies 

which are then sealed with tape and secured with a signed custody seal to provide an indication if the 

eskies were opened by unauthorized personnel. 

3.4 Health & Safety and Contingency Plan 

3.4.1 Health and Safety 

The vessel skipper will keep in close contact with Cairns VTS/Harbour Control when sampling in the 

channels. Coring can be completed at each location in around 20 minutes with logging and 

processing undertaken in locations out of the path of large vessels (as necessary and dependant 

upon shipping movements). 

A single anchor (30-40 kg) would be used to anchor the barge. The anchor would be placed 

upstream and upwind of the barge. A marker buoy may be placed on the anchor if required.  

3.4.2 Adverse Weather 

The planning of field sampling will involve regular checking of available weather forecast services for 

the study area. Given the anticipated duration of the sampling program of approximately seven days, 

it is acknowledged that adverse weather conditions may occur during the sampling campaign despite 

careful planning. There are no unusual hazards in operating the vibrocorer (operated by 24 V DC 

power) or piston corer in wet weather. 

In case of adverse weather conditions that would make sampling unacceptable due to strong winds 

and high waves, the sampling team and vessel operator would remain on stand-by until weather 

conditions improve to allow rigorous and safe collection of sediment samples. 

It is noted that suitable sampling conditions in the study area are dependent on the wind fetch and 

local topography/bathymetry. Some parts of the study area are relatively sheltered, in particular the 

Inner Port area and nearshore parts of the Outer Channel. Sampling may continue in these areas 

with wind conditions of up to 15-20 knots. However, wind speeds in excess of 15 knots may restrict 

sampling for the more exposed sections of the Outer Channel dredge area. Sampling in these areas 

will be prioritized during periods of favourable weather conditions, and/or sampling may be started 

very early in the morning when winds are generally lighter. 

3.4.3 Equipment Failure 

A selection of spare replacement parts such as clamps and barrels will be carried on board during the 

field sampling. It is also noted that many parts with the exception of the vibrocoring head are 

interchangeable between the vibrocorer and piston corer. Repairs to any equipment would be 

undertaken as soon as possible to minimise delays as far as practical. However, in the unlikely event 

where critical repairs of equipment are required, the overall sampling program may be delayed. 
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3.5 Contaminants List 

3.5.1 Rationale for Selection of Sampling Parameters 

In accordance with NAGD, the contaminants to be investigated should include: 

 Toxic substances known, from previous investigations, to occur in dredge area sediments at 

levels greater than one-tenth of the screening levels; or 

 Based on the historical review, substances potentially present at such levels in the sediments to 

be dredged. 

Furthermore, the sediment quality assessment needs to address the requirements outlined in the 

State Government’s Terms of Reference (TOR) and the federal EIS Guidelines as follows. 

Federal EIS guideline requirements  

 Assessment of sediment according to the NAGD 2009. This must include an assessment of the 

suitability of this material for land deposition and offshore disposal at any proposed dredged 

material disposal ground. 

 Assessment of the risk and potential impacts of acid sulfate soils (ASS) and potential acid sulfate 

soils (PASS). 

State Terms of Reference requirements 

 Provide baseline information on marine sediments and sediment quality in the area likely to be 

disturbed by dredging or vessel movements including contaminants (such as heavy metals, 

nutrients and pesticides), the presence of fines and/or indurated layers and acid sulfate potential. 

Present this information as a map of sediment types based on their physical and chemical 

properties and include depth profiles. 

 Assessment of marine sediments should be undertaken in accordance with the National 

Assessment Guidelines for Dredging (Commonwealth of Australia 2009). 

Based on the review of existing sediment quality data, separate contaminant lists are proposed for 

the Inner Port and Outer Channel dredge areas. Furthermore, it is proposed that contaminants that 

were regularly detected are analysed in all samples/subsamples.  

However, contaminants for which existing data demonstrated a low environmental risk will be 

analysed in a tiered pilot study approach.  

The tiered pilot study approach for ‘low risk’ contaminants can be summarised as: 

 Initial analysis of 20% of locations (top, mid and lower subsamples) from the Inner Port; 

remaining 80% of samples stored as hold samples. No analysis proposed for Outer Channel, but 

hold samples will be stored; 

 Significant detections (i.e. > 1/10th of screening level, or five times LOR where no screening level 

exists) in Inner Port will trigger analysis of hold samples; no further analysis if concentrations are 

below the above thresholds;  

 Significant detection in top horizon only – Analysis of hold samples for respective contaminant(s) 

in top horizon only; 
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 Significant detection down to mid horizon - Analysis of hold samples for respective 

contaminant(s) in top and mid horizon only; and 

 Significant detection down to lower horizon - Analysis of hold samples for respective 

contaminant(s) in top, middle and lower horizons. 

If analysis of hold samples from the Inner Port is triggered, an initial analysis of 20% of samples for 

the respective parameter(s) and horizon(s) will be undertaken for the Outer Channel with a focus on 

sampling locations close to the Inner Port. 

Table 3-4 provides a summary of the contaminant lists for the Inner Port and Outer Channel dredge 

areas. Further explanation is provided for the proposed contaminant lists and supplementary 

analyses in the following sections. 

Table 3-4  Contaminant List for Inner Port and Outer Channel Dredge Areas 

 Inner Port Outer Channel 

Analytical Parameter Analysed 
(Yes/No) 

Analysis 
Frequency 

Analysed 
(Yes/No)2 

Analysis 
Frequency 

Contaminants of Potential Concern 

Metals and Metalloids (Ag, As, 
Cd, Cr, Cu, Hg, Ni, Pb, Sb, Zn, 
Fe, Al) 

Yes All samples Yes All samples 

Organotins (MBT, DBT, TBT) Yes All samples Yes All samples 

‘Low Risk’ Contaminants 

BTEX Yes 20% No - 

Total Petroleum Hydrocarbons Yes 20% No - 

Polycyclic Aromatic 
Hydrocarbons (PAHs) 

Yes 20% No - 

Organochlorine and 
Organophosphate Pesticides 

Yes 20% No - 

Herbicide Diuron Yes 20% No - 

Perfluorinated Compounds 
(PFCs) 

Yes 20% No - 

Other Analyses 

Particle Size distribution (sieve 
and sedigraph) 

Yes All surface 
samples, 10 
samples per 

sediment class3 

Yes All surface 
samples, 10 
samples per 

sediment class 
Nutrients (TN, TKN, TP, NH4, 
NOx) 

Yes 20% Yes 20% 

Acid Sulfate Potential 
(Chromium Suite) 

Yes All samples Yes All samples 

Moisture content Yes All samples Yes All samples 

Total organic carbon Yes All samples Yes All samples 

                                                      
2 Where no analysis is proposed, hold samples will be collected to be analysed if the respective contaminant is 
detected in high concentrations in the Inner Port dredge area 
3 Refer to Section 3.5.2.9 for details. 
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3.5.2  Sampling Parameter Description 

3.5.2.1 Metals and Metalloids 

Trace metal and metalloid concentrations showed the greatest variation of all contaminants in the 

Port of Cairns area in previous studies. Therefore, it is proposed to analyse trace metals and 

metalloids in all samples for both the Inner Port and Outer Channel dredge areas.  

The metals/metalloids to be analysed as part of the Project are based on previous studies including 

all metals/metalloids listed with screening levels in Table 2 of NAGD. Specifically, sediments will be 

analysed for antimony, arsenic, cadmium, chromium, copper, lead, mercury, nickel, silver and zinc. 

Furthermore, iron and aluminium will be analysed as a potential normalising elements. 

Although cadmium and silver were mostly below detection limits in previous studies, individual 

exceedances of the NAGD screening level were noted for both metals in the past. It is therefore 

proposed to include analysis of silver and cadmium for the Project. 

3.5.2.2 Organotins 

Existing data suggests that the Inner Port area can exhibit elevated organotin concentrations. It is 

therefore proposed to analyse all samples from the Inner Port dredge area for organotins. 

While no exceedance of the screening level at the 95% UCL has been detected in the Outer 

Channel, individual exceedances of the screening level were also noted for the Outer Channel. It is 

therefore proposed to analyse all samples for organotins within the Outer Channel dredge area. 

3.5.2.3 BTEX 

Existing data suggests that BTEX is of low environmental risk in the study area. BTEX has not been 

detected in the Outer Channel and only once in the Inner Port area in 2005. The last analysis of 

BTEX is from 2007, i.e. more than five years ago.  

The most likely source of potential contamination with BTEX in recent years would be the 

urban/industrialized area around Cairns. It is therefore proposed to undertake initial analysis at 20% 

of locations within the Inner Port for BTEX. No analysis for BTEX is proposed for the Outer Channel 

dredge area. However, should significant4 concentrations of BTEX be measured for the Inner Port, 

Outer Channel hold samples will be analysed as well. 

3.5.2.4 Total Petroleum Hydrocarbons (TPHs) 

Based on existing data, TPHs are classified as having a low environmental risk. Although TPH 

concentrations greater than 10% of the screening level were occasionally noted for both the Inner 

Port and Outer Channel, concentrations always remained well below screening level. 

The most recent assessment of TPHs in 2012 indicated very low concentrations of TPHs for both the 

Inner Port and Outer Channel dredge areas with concentrations mostly below the LOR. 

                                                      
4 Significant = greater 1/10th of the screening level 
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It is therefore proposed to undertake initial analysis at 20% of locations for the Inner Port. No analysis 

for TPHs are proposed for the Outer Channel. The remaining samples will be stored as hold samples 

to be analysed if necessary including Outer Channel samples. 

3.5.2.5 Polycyclic Aromatic Hydrocarbons (PAHs) 

PAHs were routinely detected in the Inner Port area and in 2008 naphthalene exceeded the 

screening level in one sample. However, total PAHs concentrations were always well below the 

screening level. PAHs are therefore considered a low environmental risk for the Inner Port area and it 

is proposed to undertake initial analysis at 20% of locations within the Inner Port for PAHs.  

No analysis for PAHs is proposed for the Outer Channel as these compounds were never detected in 

this dredge area, including the most recent study undertaken in 2012. However, should significant 

concentrations of PAHs be measured for the Inner Port, Outer Channel hold samples will be analysed 

as well. 

3.5.2.6 Organochlorine and Organophosphate Pesticides (OCPs and OPPs) 

OCPs and OPPs were not detected in the Inner Port and Outer Channel dredge areas. However, 

OCPs and OPPs were last analysed in 2007, and are therefore not considered current in accordance 

with NAGD. It is also noted that the State Terms of Reference require analysis for pesticides. 

Pesticides levels are considered to represent a low environmental risk within the dredge area based 

on existing data, with the most likely occurrence of pesticides within the Inner Port. It is therefore 

proposed to undertake initial analysis at 20% of locations within the Inner Port for OCPs and OPPs, 

whereas no analysis for pesticides is proposed for the Outer Channel. If significant concentrations of 

pesticides are measured for the Inner Port, Outer Channel hold samples will be analysed as well. 

3.5.2.7 Diuron 

Although diuron was routinely detected within the Inner Port, concentrations remained below 

screening levels in recent years. It is therefore proposed to undertake initial analysis at 20% of 

locations within the Inner Port for diuron.  

Diuron was not detected in the Outer Channel dredge area. Therefore, no diuron analysis is proposed 

for the Outer Channel. If significant concentrations of diuron are measured for the Inner Port, Outer 

Channel hold samples will be analysed as well. 

3.5.2.8 Perfluorinated Compounds (PFCs) 

Based on existing data, PFCs were identified as a low risk to the Ports North dredging areas. Testing 

in 2013 detected PFCs in only two samples at low concentrations. However, due to the potentially 

bioaccumulation and biomagnifying effects of PFCs, an initial analysis at 20% of locations within the 

Inner Port is proposed. Given that the PFC spill occurred recently in January 2013, only the top 

sediment layer (0-0.5m) will be screened for potential PFC contamination.  
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No initial analysis of Outer Channel samples is proposed. However, should significant concentrations 

of PFCs be detected in the Inner Port, 20% of Outer Channel hold samples (top sediment layer) will 

be analysed as well. 

3.5.2.9 Particle Size Distribution 

Surface sediments have been well characterised for the Inner Port and Outer Channel dredge areas 

in terms of particle size distribution (PSD) due to the annual sampling undertaken in the Inner Port 

and Outer Channel dredge areas.  

In order to characterize the sediments along the full profile of the core (to core refusal), the following 

approach is proposed: 

 Field geotechnical core descriptions are undertaken for all cores and provides the main physical 

characterisation of sediments to be dredged; 

 Ten samples from each of the qualitative identified sediment classes (e.g. silts, sands, clay etc.) 

will be analysed using sieve and sedigraph analysis (10 to 0.001 mm size classes); and 

 All surface sediments will be characterised using sieve analysis (down to 0.063 mm) to provide 

input for the EIS. 

3.5.2.10 Nutrients 

Nutrient concentrations were relatively consistent over the last decade for both the Outer Channel 

and Inner Port dredge areas. The sediments in the study area can be considered well characterised 

with regards to nutrient concentrations.  It is, however, noted that assessment of sediment nutrients 

are requested in the State Terms of Reference.  

Given the well characterised nature of sediments in the study area with regards to nutrients and given 

that no screening levels exist for nutrients under NAGD, it is proposed to analyse nutrients at a 

representative 20% of locations for both the Inner Port and Outer Channel area. These 

measurements will be undertaken to confirm nutrient levels with results from previous studies. 

Nutrient analysis will be restricted to 20% of locations and it is not proposed to keep hold samples for 

the remaining sampling locations. 

3.5.2.11 Acid Sulfate Potential 

Assessment of acid sulfate potential is not prescribed under NAGD and it noted that acid sulfate 

potential would not be an issue should the dredged material be found suitable for unconfined ocean 

disposal. However, both the federal EIS guidelines and State Terms of Reference require an 

assessment of acid sulfate potential. It is also noted that existing sediment studies did not include 

assessment of acid sulfate potential, so no existing data is available. 

It is therefore proposed that acid sulfate potential be analysed in all samples for both the Outer 

Channel and Inner Port dredge areas. The sampling frequency prescribed in NAGD does not strictly 

meet requirements of the Acid Sulfate Soils guidelines (Ahern et al. 1998) or the State Planning 

Policy 2/02 – Guideline Acid sulfate soil. More detailed assessment of acid sulfate potential may be 

required in the unlikely event that the dredged material will be classified as unsuitable for ocean 

disposal. 
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3.5.2.12 Not Included Contaminants  

Contaminants such as cyanide, phenols, volatile chlorinated hydrocarbons and PCBs have not been 

detected in the study area. It is therefore not considered warranted that these contaminants are 

analysed as part of the Project. 

Furthermore, it is not proposed to analyse for radionuclides, given that no source for radionuclides 

exists in the study area and catchment (e.g. mineral sand mining and handling). 

It is also not proposed to analyse for dioxins/furans. The potential need to test for these compounds 

was assessed as part of the 2005 SAP development and it was agreed that testing for dioxins/furans 

was not warranted. There is no indication that dioxins may have been introduced to the ecosystem in 

recent years. 

3.6 Laboratory Analysis 

3.6.1 Analytical Laboratories 

Primary analysis of the sediment samples will be conducted by Advanced Analytical Australia Pty Ltd 

(AAA). The National Measurement Institute (NMI) will be used as the secondary (reference) 

laboratory for inter-laboratory quality testing. 

Both analytical laboratories are fully accredited by the National Association of Testing Authorities 

(NATA). AAA will subcontract some of the analyses to specialised NATA accredited laboratories, i.e. 

Sydney Analytical Laboratories (ammonia, Total Organic Carbon) and Microanalysis (Particle Size 

Distribution). 

3.6.2 Analytical Tests 

In accordance with the SAP, all samples will be analysed for the contaminants listed in Table 3-5. 

The primary laboratory Advanced Analytical Australia will perform all analyses in accordance with 

NAGD and will meet or provide better practical quantitation limits (PQL) than the target PQL’s (Table 

3-5). 

Table 3-5  Analytical Parameters and Practical Quantitation Limits 

Parameter Target Practical Quantitation Limit 
(required) 

Practical Quantitation Limit
(Advanced Analytical Australia) 

Moisture Content 0.1% 0.1% 

Particle Size (sieve and sedigraph) Size distribution (sieve + hydrometer 
or equivalent) and rates of settlement 
after 50% and 90% of settlement in 
seawater if possible. 

10 to 0.001mm 
Settling velocities in m/s for all 
particle size fractions  

Total Organic Carbon 0.1% 0.01% 

Total Petroleum Hydrocarbons 100 mg/kg 10-50 mg/kg 

BTEX 200 μg/kg 200 μg/kg 
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Parameter Target Practical Quantitation Limit 
(required) 

Practical Quantitation Limit
(Advanced Analytical Australia) 

PAHs (naphthalene, acenaphthalene, 
acenapthene, fluorene, phenanthene, 
anthracene, total fluoranthene, benzo 
[a]anthracene, benzo [a] pyrene, 
chrysene, dibenz[a,h] anthracene, 
pyrene, 2-methylnapthalene) 

Individual - 5 μg/kg;  Sum of PAHs - 
100 μg/kg 

Individual - 5 μg/kg;  Sum of PAHs - 
100 μg/kg 

Trace Metals and Metalloids (antimony, 
arsenic, cadmium, chromium, copper, 
lead, mercury, nickel, silver, zinc, iron) 

0.1 – 100 mg/kg, Hg- 0.01 mg/kg 0.1 – 5 mg/kg, Hg – 0.01 mg/kg 

Organotins (MBT, DBT, TBT) 1 μg Sn/kg 0.5 μg Sn/kg 

OCP/OPP Pesticides  OPP- 10–100 μg/kg; OCP-1 μg/kg OPP- 20 μg/kg; OCP-1 μg/kg 

Diuron 1 μg/kg (literature derived) 1 μg/kg 

Total Nitrogen 
Total Kjeldahl Nitrogen 
Nitrate & Nitrite as N 
Ammonia 
Total Phosphorus 

N/A 
N/A 
0.1 mg/kg 
0.1 mg/kg 
N/A 

20 mg/kg 
20 mg/kg 
0.1 mg/kg 
0.1 mg/kg 
1 mg/kg 

Acid Sulfate Soils N/A 2 mole H+/tonne 

3.6.3 Sample Containers 

Based on the proposed analyses, the following sample containers would be required per sample 

 2 x 250 mL glass jar – organic/inorganic chemical analysis; 

 1 x 125 mL glass jar – nutrient analyses; 

 1 x medium plastic clipseal bag (50-100 g) – particle size distribution; and 

 1 x small clipseal bag (200 g) – acid sulfate soil. 

3.6.4 Quality Control – Laboratory Analysis 

Both laboratories will follow laboratory QC procedures in accordance with requirements outlined in 

Appendix F of NAGD. This includes analysis of laboratory blanks, duplicates, certified reference 

materials and spiked samples. 

3.6.4.1 Laboratory Blanks 

The purpose of this assessment is to monitor a potential laboratory contamination of samples due to 

potential cross-contamination of samples during laboratory preparation, extraction or analysis. Blank 

sample concentrations should be at or near the detection limit of the method used. 
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3.6.4.2 Laboratory Duplicates 

This assessment refers to a randomly selected intra-laboratory split sample, which provides 

information regarding the method precision and sample heterogeneity. Results are presented as 

Relative Percent Difference (RPD) values of two sample concentrations for a specific contaminant.  

NAGD recommends that duplicates should agree within a typical RPD of the method of ±35 %. This 

recommended RPD is typically not adopted by analytical laboratories as it does not account for the 

greater uncertainty for contaminant concentrations close to the method’s detection limit. 

The primary laboratory AAA uses the following approach to assess duplicate RPD’s: 

 Result <10 times LOR – no limit to RPD; and 

 Result >10 times LOR – RPD between 0% and 50%. 

The secondary laboratory NMI adopts specific RPDs for individual compounds. 

3.6.4.3 Surrogate and Matrix Spikes 

Laboratory Control Samples are either certified reference materials or a blank sample spiked with 

known concentrations of the analytes of interest. The purpose of this measurement is to monitor 

method accuracy.  

Matrix spikes refer to an intra-laboratory split sample spiked with a representative set of target 

analytes of known concentration. Matrix spikes are assessed to monitor potential sample matrix 

effects on analyte recoveries.  

Surrogate spikes are used for organic analytes. Surrogates are known additions to samples which 

mimic the compounds of interested are not normally expected to be present in the sample. 

For both surrogate and matrix spikes, a calculation of the percent recovery of the spiked amount 

against the returned concentration is performed indicating analytical performance in terms of 

extraction efficiency.  

NAGD states that recovery limits of 75% - 125% are generally acceptable. Analytical laboratories 

typically adopt specific surrogate and matrix spike recovery limits for the various contaminant 

compound groups. It is also noted that ideal recovery ranges may be waived in the event of sample 

matrix interference. 

The primary laboratory AAA adopts the following acceptable surrogate and matrix spike recovery 

limits: 

 Trace elements: 70-130%;  

 Organic analyses: 50-150%; 

 SVOC & speciated phenols: 10-140%; and 

 Surrogates: 10-140%. 

The secondary laboratory NMI adopts specific recovery limits for individual compounds. 
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3.7 Data Analysis  

3.7.1 Sediment Contaminants 

Concentrations of chemicals measured in sediment samples will be compared to screening levels 

listed in Table 2 of NAGD to determine whether the material is suitable for unconfined placement at 

sea or if further analyses, such as elutriate, bioavailability or toxicity testing, are required. 

Specifically, mean concentrations of chemical parameters at the upper 95% confidence level (95% 

UCL) will be compared against NAGD guideline levels. This involves the following steps. 

1. Data pre-treatment. 

Analytical values below detection limit will be set to one-half of the laboratory Limit of Reporting 

(LOR) as per NAGD recommendation to facilitate 95% UCL calculation. Organic contaminant results 

will be normalised to 1% Total Organic Carbon (TOC) where the measured value is within the range 

of 0.2-10%. If TOC values are outside of this range, the highest (10%) or lowest (0.2%) value will be 

adopted as appropriate. Organic parameters with concentrations below detection limits will not be 

normalised to 1% TOC but included at half their LOR. 

One assumption in the calculation of the 95% UCL is that the samples are statistically independent. 

Therefore, field triplicate samples and laboratory split samples will not be included in the 95% UCL 

calculation.  

2. Selection of appropriate 95% UCL Calculation Method.  

The methodology for calculating the 95% UCL follows the approach recommended in Appendix A of 

NAGD. A Shapiro-Wilk test will be used to determine whether data followed a normal distribution. The 

ProUCL (Version 4.1.00) software package will be used for these calculations (Singh et al. 2010).  

3. Calculation of 95% UCL and Comparison to Screening Levels. 

ProUCL Version 4.1.00 will be used to calculate the 95% UCL.  For normally distributed data, the 

arithmetic mean and standard deviation will be calculated, and the 95% UCL calculated using the 

one-tailed Student’s t UCL test.   For data that follows a log-normal (or other) distribution, the 

geomean will be calculated, and the 95% UCL analysed using non-parametric Jack-Knife analysis as 

per NAGD recommendation.  

In cases where an insufficient number of discrete values in the dataset would not allow calculation of 

the 95% UCL (e.g. most values below LOR), the maximum recorded value of the dataset will be 

conservatively used instead for comparison against NAGD trigger levels. 

Should 95% UCL values for all analysed parameters fall below NAGD screening levels, the sediment 

would be considered clean and suitable for unconfined disposal at sea.     

3.7.2 Screening Levels 

In general, all contaminant concentrations will be compared against the screening levels outlined in 

Table 2 of NAGD. Some exceptions would apply as follows. 
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Comparison of arsenic concentrations would be compared against the local screening level of 30 

mg/kg. The modification of the arsenic screening level was based on more than a decade of arsenic 

data (total, elutriate and dilute acid extraction) demonstrating the low bioavailability of arsenic and 

evidence showing that elevated arsenic concentrations are caused by local mineralogy (refer Section 

2.2.2).  

NAGD does not specify a screening level for the herbicide diuron. Diuron concentrations will be 

compared against the literature derived screening level of 2 μg/kg that was adopted in all previous 

studies (refer Section 2.2.5.2). 

It is noted that the screening level for the organochlorine pesticides chlordane (0.5 μg/kg) and lindane 

(0.32 μg/kg) are less than the PQL (1 μg/kg) achievable by any laboratory. In accordance with NAGD, 

reporting for these two pesticides will be either as ‘detected’ or ‘not detected’. 

Given the absence of sediment screening levels for PFCs in NAGD, concentrations of PFC’s will be 

compared against a literature derived screening level. Assessment of findings would be interpreted in 

context of published references on ecological health, industry published information, and outcomes of 

investigations by the operator and QLD EHP compiled to date, where applicable. 

3.7.3 Baseline Concentrations 

NAGD states that ambient baseline concentrations can be determined by sampling of sediment at 

reference areas in the vicinity of an existing disposal site. It is noted that four locations from within the 

DMPA and two locations in the vicinity of the DMPA have been sampled on an annual basis in 

previous years. This dataset would be used to derive ambient baseline concentrations if required. 

3.7.4 Elutriate and Bioavailability Testing 

If concentrations of contaminants exceed the NAGD screening levels, Phase III testing would be 

required as per NAGD including elutriate and bioavailability testing. 

Table 7 of NAGD will be used to determine the minimum required sampling locations for potential 

elutriate and bioavailability testing. In accordance with NAGD requirements, sampling locations for 

elutriate and bioavailability testing will be representative of the overall dredged material composition 

in the dredge area(s) which require these tests. Alternatively, if a defined sub-area of the dredge area 

has been selected for testing on the basis of elevated contamination levels, samples will be 

representative of this sub-area, including the most contaminated locations. Furthermore, samples for 

elutriate and bioavailability testing will be representative of the full depth of contaminated sediment as 

identified in the Phase II testing, except where a discrete ‘hot spot’ layer has been identified, which 

would be sampled separately. 

Elutriate Testing: 

The elutriate test is designed to simulate release of contaminants from sediment during dredged 

material disposal. Testing will be carried out using the USEPA’s standard seawater elutriate test 

which involves shaking the sediment samples with four times the volume of seawater at room 

temperature for 30 minutes. The sample will be allowed to settle for one hour and the supernatant 
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centrifuged or filtered (0.45 µm) within sixty minutes, and analysed using analytical methods 

appropriate for determining ultra-trace levels in seawater. 

Results would be compared to the respective ANZECC/ARMCANZ (2000) marine water quality 

trigger value (for 95% or 99% protection of species, as appropriate). 

Bioavailability Testing: 

The Dilute Acid Extraction (DAE) method will be used to provide an estimate of the bioavailable 

fraction of the contaminant of concern in case of metal/metalloid analysis. The sediment samples will 

be extracted using a weak acid and the results compared against the respective NAGD screening 

levels. 

Porewater analysis would be undertaken for organic contaminants such as TBT. Porewater is 

assumed to represent the major route of exposure to sediment contaminants by benthic organisms 

and is the recommended bioavailability test for organic contaminants as per NAGD. Porewater results 

would be compared to the respective ANZECC/ARMCANZ (2000) marine water quality trigger value 

(for 95% protection of species). 

Should both elutriate and bioavailability tests result in values less than the respective guideline limits, 

the material would be considered clean and suitable for ocean disposal. 

3.7.5 Acid Sulfate Soils 

The results of the chromium-suite acid sulfate analysis will be assessed against the Australian 

framework for Acid Sulfate Soil management in coastal systems (Ahern et al. 1998). The risk of 

acidification will be determined by the acid-base accounting approach (Ahern et al. 2004). Net acidity 

will be calculated from the results as a measure of the acid producing capacity of the sampled 

sediment upon complete oxidation. 

The calculated net acidity will then be compared to the QASSIT action criteria of 0.03% S or 18 mol 

H+/tonne to assess the need for acid sulfate soil management if the dredged sediments were to be 

placed on land. 

The liming rate will indicate the amount of lime that needs to be added to the soil to manage its acid 

generating capacity. 

3.8 Data Validation 

All laboratory analyses will be validated in accordance with Appendix A of NAGD to confirm suitable 

data quality for undertaking a rigorous characterisation of the proposed dredge material. 

Data Validation will involve assessment of the following: 

 Sample holding times and storage conditions; 

 Laboratory blanks, duplicates and surrogate/matrix spikes; and 

 Field triplicates samples, triplicate sample splits and trip blank. 

The proposed data quality objectives for data validation are outlined in Table 3-6. 
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Table 3-6  Data Quality Objectives for Data Validation 

Parameter Data Quality Objective 

Holding Time Samples received within specified holding time 

(NAGD Appendix H) 

Field Triplicate Samples Relative Standard Deviation <50% 

Triplicate Split Samples, including inter-laboratory 

samples 

Relative Standard Deviation <50% 

Laboratory Blanks At or near the Limit of Reporting (LOR) 

Laboratory Duplicate Samples Relative Percent Difference (RPD) <35% or as 

per laboratory requirements 

Laboratory Matrix Spikes Recovery as per laboratory requirements 

Surrogate Spikes Recovery as per laboratory requirements 

3.9 Reporting 

The reporting of sediment quality results will be undertaken in a SAP Implementation Report in 

accordance with NAGD including the following components: 

 Summary of the SAP, or SAP appended to the report; 

 Outline of potential problems encountered and deviations from the SAP, including justification; 

 Description of the sampling carried out, along with the actual sampling locations, sample 

numbers (including replicates and QA samples), completed COC forms, field logs and 

description of sediments; 

 Comparison of the 95% UCL of mean chemical concentrations of sediments in the Inner Port 

and Outer Channel dredge subareas; 

 Assessment of QA/QC procedures for both field and laboratory data; 

 Data validation including comparison to data quality objectives; 

 Appendices including all laboratory and field data; and 

 Conclusions as to the acceptability or otherwise of the dredge material for unconfined ocean 

disposal and recommendations as to further work required. 
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15 May 2014 
 
 
Ports North 
Cnr Grafton and Hartley Streets 
CAIRNS QLD 4870 
 
Attention:  Alan Vico 
 
 
 
RE:  SUPPLEMENTARY SAMPLING AND ANALYSIS PLAN FOR THE CAIRNS SHIPPING 
DEVELOPMENT PROJECT EIS 
 

Dear Alan, 

This letter responds to comments provided by the Great Barrier Reef Marine Park Authority (GBRMPA) in 

their letter to Ports North dated 19 February 2014 (Reference 17/2396), and subsequent letter dated 2 

May 2014 (Reference 17/2396). 

1 Initial Sediment Core Sampling 

1.1 Adequacy of the Core Sampling 

Sediment core sampling for the Inner Port and Outer Channel dredge areas was undertaken between 18 

and 23 October 2013 by Geochemical Assessments. Table 2-1 provides a summary of the initial core 

sampling including: 

 Target coring depths as per the approved Sampling and Analysis Plan (SAP); 

 Achieved coring depths during actual sampling; 

 Reason for core refusal (if any) as provided in sediment core logs;  

 Initial pilot study analysis for diuron (and other organic contaminants) for the Inner Port including 

subsample analysis; and 

 Additional grab sampling undertaken for further diuron characterisation. 

Within the Outer Channel dredge area 17 out of 30 locations were sampled down to the target depth. For 

the Inner Port dredge area, 14% or two out of 14 locations were sampled down to the target depth.  

It is evident from the information in Table 2-1 that the reasons for core refusal at the other locations were 

the presence of stiff clays or hard material such as rocky or gravelly substrate. As outlined in the 

approved SAP (Section 3.3.2) one of the acceptance criteria for a sediment core is that ‘the core must 

reach the depth of dredging, or core refusal in clay, dense sand or rock’.  

It is noted in the National Assessment Guidelines for Dredging 2009 (NAGD) that natural geological 

materials such as rocky substrate or stiff clays are generally not considered contaminated (pg. 58 of 

NAGD). It is also noted that current coring techniques are generally not capable of penetrating such 
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Fax: + 61 7 3832 3627 
 
ABN  54 010 830 421 
 
www.bmtwbm.com.au 

 



2 

 

 

\\wbm-fs\admin\Admin\B20180.g.gwf_Cairns Port Lead 
EIS\L.B20180.011.Supplementary SAP_rev2.docx 

materials. Furthermore, multiple coring attempts were undertaken at most locations were core refusal was 

encountered. 

The initial core sampling is therefore considered adequate and in full compliance with the approved SAP 

and the NAGD. 

2 Additional Grab Sampling 

The initial data analysis for the Inner Port dredge area indicated that no further testing of hold samples 

would be required for most ‘low risk’ contaminants with the exception of diuron. A detailed summary of the 

diuron testing to date is provided in our letter dated 02 January 2014 (L.B20180.009.Diuron Status.docx). 

Given that no hold samples were available from the initial sampling, additional sampling was required. 

The additional sampling was undertaken using a Van Veen grab sampler. 

2.1 Inner Port Grab Sampling 

Initial analysis for diuron and other organic contaminants in the Inner Port dredge area was undertaken at 

10 out of 14 locations. A total of 16 subsamples were analysed for diuron down to 2.9m sediment depth 

(Table 2-1). The core penetration depths for the remaining four locations (F156, G155, H160 and H162) 

were between 0m and 0.15m. Fragments of sediment on the core barrel were used for analysis at one 

location (H162) and a grab sample was taken by Geotechnical Assessments at another location (F156) 

due to the inability to obtain a sediment core. 

Given that core refusal on stiff clays or rocky material occurred at shallow sediment depths for these four 

locations despite multiple coring attempts, the additional grab sampling at these locations was 

appropriate. It is also considered that an adequate characterisation of the potentially contaminated 

shallow surface sediments (less than 0.15m deep) was undertaken for the Inner Port sediments using 

grab sampling.  

Whilst it is considered that an appropriate characterisation of sediment quality has been undertaken for 

the Inner Port dredge sediments in accordance with the SAP and in full compliance with the NAGD 

guidelines, in general accordance with GBRMPA’s request by letter dated 2 May 2014, additional grab 

sampling and testing for diuron will be undertaken at Inner Port sites
1
 H167, K167, M180, & P180 where 

the initial core depths were less than 0.3m. Should it not be possible to achieve a representative grab 

sample at these sites (due to the stiffness of the surface material), then a ‘clay plug’ will be taken at the 

site (where practicable) and tested for diuron.   

To verify the assumption that the underlying consolidated material below core refusal is uncontaminated 

for diuron, samples of the consolidated underlying material (‘clay plugs’) will be taken and tested at sites 

G155, I172, H165, H167 & M180 where practicable. (Note: It may not be possible to collect clay plug 

samples at these five locations should the underlying material be very stiff / hard. Should this be the case, 

alternative locations will be chosen).  

Following additional sampling and re-testing, a revised statistical analysis of the Inner Port sediment 

quality data will be undertaken which includes all sample test results (including additional grab and ‘clay 

plug’ test results). The revised mean normalised concentration of diuron at the 95% confidence level for 

the Inner Port samples will be compared to the diuron screening level to determine if the material is 

                                                      
1
 GBRMPA letter dated 2 May 2014 suggested that sites H165 and U187 should also be grab sampled; however these sites have 

already been sampled using a grab during initial sampling. 
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suitable for unconfined disposal as per the NAGD guidelines for all investigated contaminants (including 

diuron).   

2.2 Outer Channel Grab Sampling 

In accordance with the SAP analysis of diuron was undertaken at an additional 20% of sampling locations 

(i.e. six locations) from the Outer Channel dredge area with a focus on sampling locations close to the 

Inner Port dredge area. Additional sampling using a grab sampler was undertaken at six locations (A140, 

C146, D147, D149, F150 and A138) for analysis of diuron (Table 2-1). 

Five of the six locations had shallow core refusal due to stiff clays or rocky substrate in the initial core 

sampling, with a maximum core penetration of 0.27m sediment depth. The only exception was location 

F150 where a core sample down to 0.8m sediment was collected in the initial sampling. It is therefore 

considered that the additional grab sampling at the five locations A140, C146, D147, D149, and A138 

was appropriate for an adequate characterisation of shallow surface sediments (less than 0.27m deep) 

for diuron in accordance with the NAGD guidelines.  

Location F150 will be re-sampled using a vibrocorer as part of additional core sampling proposed to be 

undertaken for the Outer Channel dredge area (refer Section 3). 
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3 Additional Core Sampling – Outer Channel 

In accordance with the approved SAP, the detection of diuron at concentrations exceeding 10% of the 

screening level for two Outer Channel locations (D149 and F150) would require diuron analysis from the 

remaining Outer Channel locations.  

A total of 25 locations will be resampled including the remaining 24 locations previously not analysed for 

diuron and location F150 where the grab sampling did not characterise the deeper sediment layers (refer 

Section 2.2). 

Specifically, all Outer Channel locations outlined in Table 2-1 with the exception of locations A140, C146, 

D147, D149, and A138 will be resampled and analysed for diuron. 

3.1 Sampling Methodology 

3.1.1 Survey Vessel and Positioning 

A suitable sampling vessel will be used to undertake sediment sampling. Navigation to the sampling 

locations will be undertaken using a differentially corrected global positioning system (GPS) with an 

accuracy of approximately ±1 m. 

3.1.2 Sediment Core Sampling 

Sediment cores will be obtained using a vibrocorer or other suitable coring devices down to the required 

depths or to refusal. 

The acceptability of each sediment core will be determined immediately following collection, and the 

criteria for acceptance of the core will include: 

 No obvious loss of surficial sediment; 

 The core must have entered the profile vertically; 

 There must be no gaps in the stratigraphy; 

 There must be no disturbance of the sediment stratigraphy; and 

 The core must reach the required depth (0.5 m below dredge depth), or core refusal in clay, dense 

sand or rock. 

3.1.3 Grab Sampling 

While grab sampling should only be necessary if it is not be possible to achieve a representative sample 

in shallow sediments by the proposed coring, as per GBRMPA request by letter dated 2 May 2014, grab 

samples of sediment will be taken and tested for diuron should the core sample depth (to refusal) be less 

than 0.3m. 

3.1.4 Sediment Core Subsampling 

Subsampling at all sample locations for total (whole) sediment analyses will be in accordance with NAGD 

requirements. Sediment will be collected in 0.5 m intervals in the upper one metre of the core, followed by 

a composite subsample from 1.0 m to the end of the core if the depth of dredging exceeds 1.0 m at the 

sample location (i.e. 0 to 0.5 m - Sample 1; 0.5 to 1.0 m - Sample 2; 1.0 m to the end of the core, which 
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represents the entire thickness of sediment proposed for dredging at each core location or the depth of 

core refusal - Sample 3). 

3.1.5 Sample Handling and Chain of Custody 

Sample management procedures will include the careful collection of sediment samples from the core 

tube, following the recovery of the sediment core from the seabed.  

Photographs of the cores will be taken and field personnel will log each core profile for its physical 

characteristics and variations in sediment type and texture. All sediment cores will be geotechnically 

logged upon collection on a standardised pro-forma. 

The core length will be measured and the appropriate sample interval subsampled and collected in a 

clean, stainless steel bowl for homogenization prior to the filling of analytical laboratory-supplied clean 

sampling jars.  

All sample handling and processing will be performed to minimise contamination and sample mix-ups. All 

sample equipment will be cleaned prior to sample collection using a scrub with decontamination solution 

followed by a rinse with seawater. 

The workspace on the vessel will be washed down regularly with ambient seawater to clean all surfaces 

and minimize the potential for dust contamination of samples. All sample processing will be undertaken 

away from any potential contamination sources such as engine exhausts, fuels, oils, greases, lead 

weights, zinc anodes, antifouling paint etc. 

Nitrile gloves will be worn by all field personnel handling the sediment, and gloves will be disposed of 

after processing of each core sample. 

Utmost care will be maintained in ensuring that cross-contamination between samples is not possible. 

Samples collected from each interval will be placed into appropriately cleaned and preserved containers 

(labelled prior to filling) provided by the analytical laboratories.  

Following sample processing and filling of sample containers, all samples will be immediately chilled.  

The chilled samples will be submitted to the laboratory under appropriate Chain of Custody 

documentation to ensure that the sample possession and processing can be traced from sample 

collection to reporting of results. 

3.2 Laboratory Analysis 

3.2.1 Analytical Parameters 

All subsamples will be analysed for: 

 Herbicide diuron; and 

 Total organic carbon (for normalisation of diuron concentrations to 1% TOC). 

3.2.2 Analytical Laboratory 

The analysis of diuron and TOC will be undertaken by Advanced Analytical Australia who is fully 

accredited by the National Association of Testing Authorities (NATA) for the required analyses. 
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3.3 Data Analysis 

3.3.1 Diuron Analysis 

Concentrations of diuron measured in sediment samples will be normalised to 1% TOC (if detected above 

the Limit of Reporting). The mean normalised concentration of diuron at the upper 95% confidence level 

(95% UCL) will be compared against the literature derived screening level of 2.0 µg/kg to determine 

whether the material is suitable for unconfined placement at sea, or if further analyses, such as elutriate, 

bioavailability or toxicity testing, are required. 

The statistical analysis will follow the approach given in Appendix A of NAGD. 

Yours Faithfully 
BMT WBM 
 

 
 
Dr Markus Billerbeck 
Senior Environmental Scientist 
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CERTIFICATE OF ANALYSIS 99730

Client:

BMT WBM Pty. Ltd

Level 1, 256-258 Norton St

Leichhardt

NSW

Attention: Markus Billerbeck, Stuart Taylor

Sample log in details:

Your Reference: Cairns EIS

No. of samples: 5 soils

Date samples received / completed instructions received 29/10/13 / 29/10/13

Analysis Details:

Please refer to the following pages for results, methodology summary and quality control data.

Samples were analysed as received from the client. Results relate specifically to the samples as received.

Results are reported on a dry weight basis for solids and on an as received basis for other matrices.

Please refer to the last page of this report for any comments relating to the results.

Report Details:

Date results requested by: / Issue Date: 8/11/13 / 20/11/13

Date of Preliminary Report: Not issued

NATA accreditation number 2901. This document shall not be reproduced except in full.

Accredited for compliance with ISO/IEC 17025. Tests not covered by NATA are denoted with *.

Results Approved By:

Page 1 of  21Envirolab Reference: 99730

Revision No:                R 00



Client Reference: Cairns EIS

vTRH(C6-C10)/BTEXN in Soil 

Our Reference: UNITS 99730-1 99730-2 99730-3

Your Reference ------------- H167 U185 U185

Depth ------------ 0-0.2 0-0.5 0.5-1.0

Type of sample soil soil soil

Date extracted - 30/10/2013 30/10/2013 30/10/2013 

Date analysed - 04/11/2013 04/11/2013 04/11/2013 

TRH C6 - C9 mg/kg <25 <25 <25 

TRH C6 - C10 mg/kg <25 <25 <25 

vTPH C6 - C10 less BTEX (F1) mg/kg <25 <25 <25 

Benzene mg/kg <0.2 <0.2 <0.2 

Toluene mg/kg <0.5 <0.5 <0.5 

Ethylbenzene mg/kg <1 <1 <1 

m+p-xylene mg/kg <2 <2 <2 

o-Xylene mg/kg <1 <1 <1 

naphthalene mg/kg <1 <1 <1 

Surrogate aaa-Trifluorotoluene % 91 93 77 

Page 2 of  21Envirolab Reference: 99730

Revision No:                R 00



Client Reference: Cairns EIS

svTRH (C10-C40) in Soil 

Our Reference: UNITS 99730-1 99730-2 99730-3

Your Reference ------------- H167 U185 U185

Depth ------------ 0-0.2 0-0.5 0.5-1.0

Type of sample soil soil soil

Date extracted - 30/10/2013 30/10/2013 30/10/2013 

Date analysed - 31/10/2013 31/10/2013 31/10/2013 

TRH C10 - C14 mg/kg <50 <50 <50 

TRH C15 - C28 mg/kg <100 <100 <100 

TRH C29 - C36 mg/kg <100 <100 <100 

TRH >C10-C16 mg/kg <50 <50 <50 

TRH >C10 - C16 less Naphthalene 

(F2)

mg/kg <50 <50 <50 

TRH >C16-C34 mg/kg <100 <100 <100 

TRH >C34-C40 mg/kg <100 <100 <100 

Surrogate o-Terphenyl % 90 90 88 
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Client Reference: Cairns EIS

PAHs in Soil 

Our Reference: UNITS 99730-1 99730-2 99730-3

Your Reference ------------- H167 U185 U185

Depth ------------ 0-0.2 0-0.5 0.5-1.0

Type of sample soil soil soil

Date extracted - 30/10/2013 30/10/2013 30/10/2013 

Date analysed - 31/10/2013 31/10/2013 31/10/2013 

Naphthalene mg/kg <0.1 <0.1 <0.1 

Acenaphthylene mg/kg <0.1 <0.1 <0.1 

Acenaphthene mg/kg <0.1 <0.1 <0.1 

Fluorene mg/kg <0.1 <0.1 <0.1 

Phenanthrene mg/kg <0.1 <0.1 <0.1 

Anthracene mg/kg <0.1 <0.1 <0.1 

Fluoranthene mg/kg <0.1 <0.1 <0.1 

Pyrene mg/kg <0.1 <0.1 <0.1 

Benzo(a)anthracene mg/kg <0.1 <0.1 <0.1 

Chrysene mg/kg <0.1 <0.1 <0.1 

Benzo(b+k)fluoranthene mg/kg <0.2 <0.2 <0.2 

Benzo(a)pyrene mg/kg <0.05 <0.05 <0.05 

Indeno(1,2,3-c,d)pyrene mg/kg <0.1 <0.1 <0.1 

Dibenzo(a,h)anthracene mg/kg <0.1 <0.1 <0.1 

Benzo(g,h,i)perylene mg/kg <0.1 <0.1 <0.1 

Benzo(a)pyrene TEQ NEPM B1 mg/kg <0.5 <0.5 <0.5 

Total +ve PAH's mg/kg NIL (+)VE NIL (+)VE NIL (+)VE 

Surrogate p-Terphenyl-d14 % 101 95 97 
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Client Reference: Cairns EIS

Organochlorine Pesticides in soil

Our Reference: UNITS 99730-1 99730-2 99730-3

Your Reference ------------- H167 U185 U185

Depth ------------ 0-0.2 0-0.5 0.5-1.0

Type of sample soil soil soil

Date extracted - 31/10/2013 31/10/2013 31/10/2013 

Date analysed - 01/11/2013 01/11/2013 01/11/2013 

HCB mg/kg <0.1 <0.1 <0.1 

alpha-BHC mg/kg <0.1 <0.1 <0.1 

gamma-BHC mg/kg <0.1 <0.1 <0.1 

beta-BHC mg/kg <0.1 <0.1 <0.1 

Heptachlor mg/kg <0.1 <0.1 <0.1 

delta-BHC mg/kg <0.1 <0.1 <0.1 

Aldrin mg/kg <0.1 <0.1 <0.1 

Heptachlor Epoxide mg/kg <0.1 <0.1 <0.1 

gamma-Chlordane mg/kg <0.1 <0.1 <0.1 

alpha-chlordane mg/kg <0.1 <0.1 <0.1 

Endosulfan I mg/kg <0.1 <0.1 <0.1 

pp-DDE mg/kg <0.1 <0.1 <0.1 

Dieldrin mg/kg <0.1 <0.1 <0.1 

Endrin mg/kg <0.1 <0.1 <0.1 

pp-DDD mg/kg <0.1 <0.1 <0.1 

Endosulfan II mg/kg <0.1 <0.1 <0.1 

pp-DDT mg/kg <0.1 <0.1 <0.1 

Endrin Aldehyde mg/kg <0.1 <0.1 <0.1 

Endosulfan Sulphate mg/kg <0.1 <0.1 <0.1 

Methoxychlor mg/kg <0.1 <0.1 <0.1 

Surrogate TCMX % 97 95 98 
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Client Reference: Cairns EIS

Organophosphorus Pesticides 

Our Reference: UNITS 99730-1 99730-2 99730-3

Your Reference ------------- H167 U185 U185

Depth ------------ 0-0.2 0-0.5 0.5-1.0

Type of sample soil soil soil

Date extracted - 31/10/2013 31/10/2013 31/10/2013 

Date analysed - 01/11/2013 01/11/2013 01/11/2013 

Diazinon mg/kg <0.1 <0.1 <0.1 

Dimethoate mg/kg <0.1 <0.1 <0.1 

Chlorpyriphos-methyl mg/kg <0.1 <0.1 <0.1 

Ronnel mg/kg <0.1 <0.1 <0.1 

Chlorpyriphos mg/kg <0.1 <0.1 <0.1 

Fenitrothion mg/kg <0.1 <0.1 <0.1 

Bromophos-ethyl mg/kg <0.1 <0.1 <0.1 

Ethion mg/kg <0.1 <0.1 <0.1 

Surrogate TCMX % 97 95 98 
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Client Reference: Cairns EIS

Acid Extractable metals in soil

Our Reference: UNITS 99730-1 99730-2 99730-3 99730-4 99730-5

Your Reference ------------- H167 U185 U185 B41 B41

Depth ------------ 0-0.2 0-0.5 0.5-1.0 0-0.5 0.5-0.9

Type of sample soil soil soil soil soil

Date digested - 30/10/2013 30/10/2013 30/10/2013 30/10/2013 30/10/2013 

Date analysed - 30/10/2013 30/10/2013 30/10/2013 30/10/2013 30/10/2013 

Arsenic mg/kg 16 12 13 16 17 

Cadmium mg/kg <0.4 <0.4 <0.4 <0.4 <0.4 

Chromium mg/kg 34 17 25 34 33 

Copper mg/kg 17 8 8 12 12 

Lead mg/kg 16 9 15 15 15 

Mercury mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 

Nickel mg/kg 16 8 12 17 16 

Zinc mg/kg 53 29 29 43 44 

Silver mg/kg <1 <1 <1 <1 <1 

Aluminium mg/kg 21,000 10,000 15,000 21,000 19,000 

Iron mg/kg 29,000 18,000 24,000 28,000 28,000 

Antimony mg/kg <7 <7 <7 <7 <7 

Phosphorus mg/kg 370 190 200 [NA] [NA]
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Client Reference: Cairns EIS

Miscellaneous Inorg - soil 

Our Reference: UNITS 99730-1 99730-2 99730-3 99730-4 99730-5

Your Reference ------------- H167 U185 U185 B41 B41

Depth ------------ 0-0.2 0-0.5 0.5-1.0 0-0.5 0.5-0.9

Type of sample soil soil soil soil soil

Date prepared - 31/10/2013 31/10/2013 31/10/2013 [NA] [NA]

Date analysed - 31/10/2013 31/10/2013 31/10/2013 [NA] [NA]

TKN as N in soil mg/kg 1,500 730 910 [NA] [NA]

Total Nitrogen in soil mg/kg 1,500 730 910 [NA] [NA]

Ammonia as N in soil mg/kg 24 1.6 3.1 [NA] [NA]

NOx as N in soil mg/kg <0.5 <0.5 <0.5 [NA] [NA]

Total Organic Carbon (Combustion) mg/kg 21,000 15,000 13,000 14,000 14,000 
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Client Reference: Cairns EIS

Moisture 

Our Reference: UNITS 99730-1 99730-2 99730-3 99730-4 99730-5

Your Reference ------------- H167 U185 U185 B41 B41

Depth ------------ 0-0.2 0-0.5 0.5-1.0 0-0.5 0.5-0.9

Type of sample soil soil soil soil soil

Date prepared - 30/10/2013 30/10/2013 30/10/2013 30/10/2013 30/10/2013 

Date analysed - 31/10/2013 31/10/2013 31/10/2013 31/10/2013 31/10/2013 

Moisture % 56 39 47 57 51 
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Client Reference: Cairns EIS

Chromium Suite 

Our Reference: UNITS 99730-1 99730-2 99730-3 99730-4 99730-5

Your Reference ------------- H167 U185 U185 B41 B41

Depth ------------ 0-0.2 0-0.5 0.5-1.0 0-0.5 0.5-0.9

Type of sample soil soil soil soil soil

pH kcl pH units 8.1 8.4 8.4 8.7 8.7 

s-TAA pH 6.5 %w/w S <0.01 <0.01 <0.01 <0.01 <0.01 

TAA pH 6.5 moles H+/t <5 <5 <5 <5 <5 

Chromium Reducible Sulfur %w/w 0.20 0.29 0.44 0.03 0.15 

a-Chromium Reducible Sulfur moles H+/t 130 180 280 21 97 

SKCl %w/w S 0.23 0.14 0.17 0.19 0.11 

ANCBT % CaCO3 6.5 4.2 5.6 11 10 

s-ANCBT %w/w S 2.1 1.3 1.8 3.4 3.2 

s-Net Acidity %w/w S <0.01 <0.01 <0.01 <0.01 <0.01 

a-Net Acidity moles H+/t <10 <10 <10 <10 <10 

Liming rate kg 

CaCO3/t

<0.75 <0.75 <0.75 <0.75 <0.75 

a-Net Acidity without ANCE moles H+/t <10 <10 <10 <10 <10 

Liming rate without ANCE kg 

CaCO3/t

<0.75 <0.75 <0.75 <0.75 <0.75 
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Client Reference: Cairns EIS

Particle Size Distribution in Soils

Our Reference: UNITS 99730-1 99730-2 99730-3 99730-4 99730-5

Your Reference ------------- H167 U185 U185 B41 B41

Depth ------------ 0-0.2 0-0.5 0.5-1.0 0-0.5 0.5-0.9

Type of sample soil soil soil soil soil

Particle Size Analysis % # # # # # 
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Client Reference: Cairns EIS

Herbicides in Soil 

Our Reference: UNITS 99730-1 99730-2 99730-3

Your Reference ------------- H167 U185 U185

Depth ------------ 0-0.2 0-0.5 0.5-1.0

Type of sample soil soil soil

Diuron mg/kg <0.1 <0.1 <0.1 
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Client Reference: Cairns EIS

Organotin Compunds in Soil 

Our Reference: UNITS 99730-1 99730-2 99730-3 99730-4 99730-5

Your Reference ------------- H167 U185 U185 B41 B41

Depth ------------ 0-0.2 0-0.5 0.5-1.0 0-0.5 0.5-0.9

Type of sample soil soil soil soil soil

Monobutyltin as Sn ng/g <0.50 0.58 <0.50 <0.50 0.62 

Dibutyltin as Sn ng/g 1.3 1.0 <0.50 <0.50 0.61 

Tributyltin as Sn ng/g 0.93 <0.50 <0.50 <0.50 <0.50 

Surrogate (Tripropyltin) % 130 130 120 140 120 
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Client Reference: Cairns EIS

Perfluorochemicals in Soil 

Our Reference: UNITS 99730-1 99730-2 99730-3

Your Reference ------------- H167 U185 U185

Depth ------------ 0-0.2 0-0.5 0.5-1.0

Type of sample soil soil soil

 PFOS (Branched and Linear) µg/kg <1.0 <1.0 <1.0 

Perfluorooctanoate PFOA µg/kg <0.50 <0.50 <0.50 

Total Solids % 39.7 58.0 53.4 

Surrogate 1 Recovery % 86.0 106 102 

Date Analysed - 13/11/2013 13/11/2013 13/11/2013 

Date Extracted - 15/11/2013 15/11/2013 15/11/2013 
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Client Reference: Cairns EIS

Method ID Methodology Summary

  Org-016 Soil samples are extracted with methanol and spiked into water prior to analysing by purge and trap GC-MS. 

Water samples are analysed directly by purge and trap GC-MS. F1 = (C6-C10)-BTEX as per NEPM B1 

Guideline on Investigation Levels for Soil and Groundwater.

 

  Org-014 Soil samples are extracted with methanol and spiked into water prior to analysing by purge and trap GC-MS. 

 

  Org-003 Soil samples are extracted with Dichloromethane/Acetone and waters with Dichloromethane and analysed by 

GC-FID. 

F2 = (>C10-C16)-Naphthalene as per NEPM B1 Guideline on Investigation Levels for Soil and Groundwater. 

Note Naphthalene is determined from the VOC analysis.

 

  Org-012 subset Soil samples are extracted with Dichloromethane/Acetone and waters with Dichloromethane and analysed by 

GC-MS. Benzo(a)pyrene TEQ as per NEPM B1 Guideline on Investigation Levels for Soil and Groundwater - 

2013.

 

  Org-005 Soil samples are extracted with dichloromethane/acetone and waters with dichloromethane and analysed by 

GC with dual ECD's.

 

  Org-008 Soil samples are extracted with dichloromethane/acetone and waters with dichloromethane and analysed by 

GC with dual ECD's.

 

  Metals-020 ICP-

AES

Determination of various metals by ICP-AES. 

 

  Metals-021 CV-

AAS

Determination of Mercury by Cold Vapour AAS. 

 

  Inorg-062 TKN  - determined colourimetrically based on APHA 22nd ED 4500 Norg.

 

  Inorg-055/062 Total Nitrogen - Calculation sum of TKN and oxidised Nitrogen.

 

  Inorg-057 Ammonia - determined colourimetrically based on EPA350.1 and APHA 22nd ED 4500-NH3 F, Soils are 

analysed following a KCl extraction.

 

  Inorg-055 Nitrate - determined colourimetrically based on EPA353.2 and APHA 22nd ED NO3- F. Soils are analysed 

following a water extraction.

 

  Ext-020 Analysis subcontracted to Australian Government - National Measurement Institute. NATA Accreditation No: 

198

 

  Inorg-008 Moisture content determined by heating at 105+/-5 deg C for a minimum of 12 hours.

 

  Inorg-068 Chromium Reducible Sulfur - Hydrogen Sulfide is quantified by iodometric titration after distillation to determine 

potential acidity. Based on Acid Sulfate Soils Laboratory Methods Guidelines, Version 2.1 - June 2004.

 

  Ext-062 Analysed by East West Enviroag

 

  Ext-038 Analysed by Advanced Analytical Australia Pty Ltd. NATA accreditation 15109.
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Client Reference: Cairns EIS

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 

Sm#

Duplicate results Spike Sm# Spike % 

Recovery

vTRH(C6-C10)/BTEXN in 

Soil 

Base ll Duplicate ll %RPD

Date extracted - 30/10/2

013

[NT] [NT] LCS-3 30/10/2013

Date analysed - 30/10/2

013

[NT] [NT] LCS-3 30/10/2013

TRH C6 - C9 mg/kg 25 Org-016 <25 [NT] [NT] LCS-3 89%

TRH C6 - C10 mg/kg 25 Org-016 <25 [NT] [NT] LCS-3 89%

Benzene mg/kg 0.2 Org-016 <0.2 [NT] [NT] LCS-3 71%

Toluene mg/kg 0.5 Org-016 <0.5 [NT] [NT] LCS-3 93%

Ethylbenzene mg/kg 1 Org-016 <1 [NT] [NT] LCS-3 90%

m+p-xylene mg/kg 2 Org-016 <2 [NT] [NT] LCS-3 95%

o-Xylene mg/kg 1 Org-016 <1 [NT] [NT] LCS-3 94%

naphthalene mg/kg 1 Org-014 <1 [NT] [NT] [NR] [NR]

Surrogate aaa-

Trifluorotoluene

% Org-016 91 [NT] [NT] LCS-3 84%

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 

Sm#

Duplicate results Spike Sm# Spike % 

Recovery

svTRH (C10-C40) in Soil Base ll Duplicate ll %RPD

Date extracted - 30/10/2

013

[NT] [NT] LCS-4 30/10/2013

Date analysed - 31/10/2

013

[NT] [NT] LCS-4 31/10/2013

TRH C10 - C14 mg/kg 50 Org-003 <50 [NT] [NT] LCS-4 121%

TRH C15 - C28 mg/kg 100 Org-003 <100 [NT] [NT] LCS-4 99%

TRH C29 - C36 mg/kg 100 Org-003 <100 [NT] [NT] LCS-4 89%

TRH >C10-C16 mg/kg 50 Org-003 <50 [NT] [NT] LCS-4 121%

TRH >C16-C34 mg/kg 100 Org-003 <100 [NT] [NT] LCS-4 99%

TRH >C34-C40 mg/kg 100 Org-003 <100 [NT] [NT] LCS-4 89%

Surrogate o-Terphenyl % Org-003 96 [NT] [NT] LCS-4 127%

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 

Sm#

Duplicate results Spike Sm# Spike % 

Recovery

PAHs in Soil Base ll Duplicate ll %RPD

Date extracted - 30/10/2

013

[NT] [NT] LCS-4 30/10/2013

Date analysed - 31/10/2

013

[NT] [NT] LCS-4 31/10/2013

Naphthalene mg/kg 0.1 Org-012 

subset

<0.1 [NT] [NT] LCS-4 109%

Acenaphthylene mg/kg 0.1 Org-012 

subset

<0.1 [NT] [NT] [NR] [NR]

Acenaphthene mg/kg 0.1 Org-012 

subset

<0.1 [NT] [NT] [NR] [NR]

Fluorene mg/kg 0.1 Org-012 

subset

<0.1 [NT] [NT] LCS-4 110%

Phenanthrene mg/kg 0.1 Org-012 

subset

<0.1 [NT] [NT] LCS-4 107%

Anthracene mg/kg 0.1 Org-012 

subset

<0.1 [NT] [NT] [NR] [NR]

Fluoranthene mg/kg 0.1 Org-012 

subset

<0.1 [NT] [NT] LCS-4 108%

Page 16 of  21Envirolab Reference: 99730

Revision No:                R 00



Client Reference: Cairns EIS

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 

Sm#

Duplicate results Spike Sm# Spike % 

Recovery

PAHs in Soil Base ll Duplicate ll %RPD

Pyrene mg/kg 0.1 Org-012 

subset

<0.1 [NT] [NT] LCS-4 111%

Benzo(a)anthracene mg/kg 0.1 Org-012 

subset

<0.1 [NT] [NT] [NR] [NR]

Chrysene mg/kg 0.1 Org-012 

subset

<0.1 [NT] [NT] LCS-4 97%

Benzo(b+k)fluoranthene mg/kg 0.2 Org-012 

subset

<0.2 [NT] [NT] [NR] [NR]

Benzo(a)pyrene mg/kg 0.05 Org-012 

subset

<0.05 [NT] [NT] LCS-4 99%

Indeno(1,2,3-c,d)pyrene mg/kg 0.1 Org-012 

subset

<0.1 [NT] [NT] [NR] [NR]

Dibenzo(a,h)anthracene mg/kg 0.1 Org-012 

subset

<0.1 [NT] [NT] [NR] [NR]

Benzo(g,h,i)perylene mg/kg 0.1 Org-012 

subset

<0.1 [NT] [NT] [NR] [NR]

Surrogate p-Terphenyl-

d14 

% Org-012 

subset

105 [NT] [NT] LCS-4 96%

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 

Sm#

Duplicate results Spike Sm# Spike % 

Recovery

Organochlorine 

Pesticides in soil

Base ll Duplicate ll %RPD

Date extracted - 31/10/2

013

[NT] [NT] LCS-11 31/10/2013

Date analysed - 01/11/2

013

[NT] [NT] LCS-11 01/11/2013

HCB mg/kg 0.1 Org-005 <0.1 [NT] [NT] [NR] [NR]

alpha-BHC mg/kg 0.1 Org-005 <0.1 [NT] [NT] LCS-11 105%

gamma-BHC mg/kg 0.1 Org-005 <0.1 [NT] [NT] [NR] [NR]

beta-BHC mg/kg 0.1 Org-005 <0.1 [NT] [NT] LCS-11 106%

Heptachlor mg/kg 0.1 Org-005 <0.1 [NT] [NT] LCS-11 125%

delta-BHC mg/kg 0.1 Org-005 <0.1 [NT] [NT] [NR] [NR]

Aldrin mg/kg 0.1 Org-005 <0.1 [NT] [NT] LCS-11 110%

Heptachlor Epoxide mg/kg 0.1 Org-005 <0.1 [NT] [NT] LCS-11 105%

gamma-Chlordane mg/kg 0.1 Org-005 <0.1 [NT] [NT] [NR] [NR]

alpha-chlordane mg/kg 0.1 Org-005 <0.1 [NT] [NT] [NR] [NR]

Endosulfan I mg/kg 0.1 Org-005 <0.1 [NT] [NT] [NR] [NR]

pp-DDE mg/kg 0.1 Org-005 <0.1 [NT] [NT] LCS-11 114%

Dieldrin mg/kg 0.1 Org-005 <0.1 [NT] [NT] LCS-11 110%

Endrin mg/kg 0.1 Org-005 <0.1 [NT] [NT] LCS-11 107%

pp-DDD mg/kg 0.1 Org-005 <0.1 [NT] [NT] LCS-11 105%

Endosulfan II mg/kg 0.1 Org-005 <0.1 [NT] [NT] [NR] [NR]

pp-DDT mg/kg 0.1 Org-005 <0.1 [NT] [NT] [NR] [NR]

Endrin Aldehyde mg/kg 0.1 Org-005 <0.1 [NT] [NT] [NR] [NR]

Endosulfan Sulphate mg/kg 0.1 Org-005 <0.1 [NT] [NT] LCS-11 133%

Methoxychlor mg/kg 0.1 Org-005 <0.1 [NT] [NT] [NR] [NR]

Surrogate TCMX % Org-005 89 [NT] [NT] LCS-11 87%
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Client Reference: Cairns EIS

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 

Sm#

Duplicate results Spike Sm# Spike % 

Recovery

Organophosphorus 

Pesticides 

Base ll Duplicate ll %RPD

Date extracted - 31/10/2

013

[NT] [NT] LCS-11 31/10/2013

Date analysed - 01/11/2

013

[NT] [NT] LCS-11 01/11/2013

Diazinon mg/kg 0.1 Org-008 <0.1 [NT] [NT] [NR] [NR]

Dimethoate mg/kg 0.1 Org-008 <0.1 [NT] [NT] [NR] [NR]

Chlorpyriphos-methyl mg/kg 0.1 Org-008 <0.1 [NT] [NT] [NR] [NR]

Ronnel mg/kg 0.1 Org-008 <0.1 [NT] [NT] [NR] [NR]

Chlorpyriphos mg/kg 0.1 Org-008 <0.1 [NT] [NT] LCS-11 89%

Fenitrothion mg/kg 0.1 Org-008 <0.1 [NT] [NT] LCS-11 126%

Bromophos-ethyl mg/kg 0.1 Org-008 <0.1 [NT] [NT] [NR] [NR]

Ethion mg/kg 0.1 Org-008 <0.1 [NT] [NT] LCS-11 124%

Surrogate TCMX % Org-008 89 [NT] [NT] LCS-11 87%

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 

Sm#

Duplicate results Spike Sm# Spike % 

Recovery

Acid Extractable metals 

in soil

Base ll Duplicate ll %RPD

Date digested - 30/10/2

013

[NT] [NT] LCS-4 30/10/2013

Date analysed - 30/10/2

013

[NT] [NT] LCS-4 30/10/2013

Arsenic mg/kg 4 Metals-020 

ICP-AES

<4 [NT] [NT] LCS-4 100%

Cadmium mg/kg 0.4 Metals-020 

ICP-AES

<0.4 [NT] [NT] LCS-4 106%

Chromium mg/kg 1 Metals-020 

ICP-AES

<1 [NT] [NT] LCS-4 104%

Copper mg/kg 1 Metals-020 

ICP-AES

<1 [NT] [NT] LCS-4 102%

Lead mg/kg 1 Metals-020 

ICP-AES

<1 [NT] [NT] LCS-4 102%

Mercury mg/kg 0.1 Metals-021 

CV-AAS

<0.1 [NT] [NT] LCS-4 93%

Nickel mg/kg 1 Metals-020 

ICP-AES

<1 [NT] [NT] LCS-4 103%

Zinc mg/kg 1 Metals-020 

ICP-AES

<1 [NT] [NT] LCS-4 104%

Silver mg/kg 1 Metals-020 

ICP-AES

<1 [NT] [NT] LCS-4 83%

Aluminium mg/kg 1 Metals-020 

ICP-AES

<1 [NT] [NT] LCS-4 106%

Iron mg/kg 1 Metals-020 

ICP-AES

<1 [NT] [NT] LCS-4 114%

Antimony mg/kg 7 Metals-020 

ICP-AES

<7 [NT] [NT] LCS-4 110%

Phosphorus mg/kg 10 Metals-020 

ICP-AES

<10 [NT] [NT] LCS-4 102%
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Client Reference: Cairns EIS

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 

Sm#

Duplicate results Spike Sm# Spike % 

Recovery

Miscellaneous Inorg - soil Base ll Duplicate ll %RPD

Date prepared - 12/11/2

013

[NT] [NT] LCS-1 31/10/2013

Date analysed - 12/11/2

013

[NT] [NT] LCS-1 31/10/2013

TKN as N in soil mg/kg 10 Inorg-062 <10 [NT] [NT] LCS-1 96%

Total Nitrogen in soil mg/kg 10 Inorg-

055/062

<10 [NT] [NT] LCS-1 96%

Ammonia as N in soil mg/kg 0.5 Inorg-057 <0.5 [NT] [NT] LCS-1 104%

NOx as N in soil mg/kg 0.5 Inorg-055 <0.5 [NT] [NT] LCS-1 102%

Total Organic Carbon 

(Combustion)

mg/kg 100 Ext-020 <100 [NT] [NT] LCS-1 94%

QUALITY CONTROL UNITS PQL METHOD Blank

Moisture 

Date prepared - [NT]

Date analysed - [NT]

Moisture % 0.1 Inorg-008 [NT]

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 

Sm#

Duplicate results Spike Sm# Spike % 

Recovery

Chromium Suite Base ll Duplicate ll %RPD

pH kcl pH units Inorg-068 [NT] 99730-1 8.1 || 8.3 || RPD: 2 LCS-1 96%

s-TAA pH 6.5 %w/w 

S

0.01 Inorg-068 <0.01 99730-1 <0.01 || <0.01 [NR] [NR]

TAA pH 6.5 moles 

H+/t

5 Inorg-068 <5 99730-1 <5 || <5 LCS-1 128%

Chromium Reducible 

Sulfur 

%w/w 0.005 Inorg-068 <0.005 99730-1 0.20 || 0.19 || RPD: 5 LCS-1 93%

a-Chromium Reducible 

Sulfur 

moles 

H+/t

3 Inorg-068 <3 99730-1 130 || 120 || RPD: 8 [NR] [NR]

SHCl %w/w 

S

0.005 Inorg-068 <0.005 [NT] [NT] [NR] [NR]

SKCl %w/w 

S

0.005 Inorg-068 <0.005 99730-1 0.23 || 0.22 || RPD: 4 LCS-1 100%

SNAS %w/w 

S

0.005 Inorg-068 <0.005 [NT] [NT] [NR] [NR]

ANCBT % 

CaCO3

0.05 Inorg-068 <0.05 99730-1 6.5 || 6.7 || RPD: 3 [NR] [NR]

s-ANCBT %w/w 

S

0.05 Inorg-068 <0.05 99730-1 2.1 || 2.1 || RPD: 0 [NR] [NR]

s-Net Acidity %w/w 

S

0.01 Inorg-068 <0.01 99730-1 <0.01 || <0.01 [NR] [NR]

a-Net Acidity moles 

H+/t

10 Inorg-068 <10 99730-1 <10 || <10 [NR] [NR]

Liming rate kg 

CaCO3

/t

0.75 Inorg-068 <0.75 99730-1 <0.75 || <0.75 [NR] [NR]

a-Net Acidity without 

ANCE 

moles 

H+/t

10 Inorg-068 <10 99730-1 <10 || <10 [NR] [NR]

Liming rate without ANCE kg 

CaCO3

/t

0.75 Inorg-068 <0.75 99730-1 <0.75 || <0.75 [NR] [NR]
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Client Reference: Cairns EIS

QUALITY CONTROL UNITS PQL METHOD Blank

Particle Size Distribution 

in Soils

Particle Size Analysis % 0.01 Ext-062 <0.01

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 

Sm#

Duplicate results Spike Sm# Spike % 

Recovery

Herbicides in Soil Base ll Duplicate ll %RPD

Diuron mg/kg 0.1 Ext-020 <0.1 [NT] [NT] [NR] [NR]

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 

Sm#

Duplicate results Spike Sm# Spike % 

Recovery

Organotin Compunds in 

Soil 

Base ll Duplicate ll %RPD

Monobutyltin as Sn ng/g 0.5 Ext-020 <0.50 [NT] [NT] LCS-1 74%

Dibutyltin as Sn ng/g 0.5 Ext-020 <0.50 [NT] [NT] LCS-1 143%

Tributyltin as Sn ng/g 0.5 Ext-020 <0.50 [NT] [NT] LCS-1 132%

Surrogate (Tripropyltin) % Ext-020 [NT] [NT] [NT] LCS-1 141%

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 

Sm#

Duplicate results Spike Sm# Spike % 

Recovery

Perfluorochemicals in 

Soil 

Base ll Duplicate ll %RPD

 PFOS (Branched and 

Linear) 

µg/kg 1 Ext-038 <1.0 99730-2 <1.0 || <1.0 99730-2 93%

Perfluorooctanoate 

PFOA 

µg/kg 0.5 Ext-038 <1 99730-2 <0.50 || <0.50 99730-2 96%

Total Solids % 1 Ext-038 <1.00 99730-2 58.0 || 59.6 || RPD: 3 [NR] [NR]

Surrogate 1 Recovery % Ext-038 87.0 99730-2 106 ||  [N/T] 99730-2 120%

Date Analysed - Ext-038 12/11/2

013

99730-2 13/11/2013 || 13/11/2013 99730-2 13/11/2013

Date Extracted - Ext-038 15/11/2

013

99730-2 15/11/2013 || 15/11/2013 99730-2 15/11/2013
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Client Reference: Cairns EIS

Report Comments:

Organotins, Herbicides & TOC analysed by NMI. Report No.RN0996418.

# PSD analysed by East West report number EW130723.

PFCS analysed by Advanced analytical report number A13/5272

Asbestos ID was analysed by Approved Identifier: Not applicable for this job

Asbestos ID was authorised by Approved Signatory: Not applicable for this job

INS: Insufficient sample for this test PQL: Practical Quantitation Limit NT: Not tested

NA: Test not required RPD: Relative Percent Difference NA: Test not required

<: Less than >: Greater than LCS: Laboratory Control Sample

Quality Control Definitions

Blank: This is the component of the analytical signal which is not derived from the sample but from reagents, 

glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for samples. 

Duplicate : This is the complete duplicate analysis of a sample from the process batch. If possible, the sample

selected should be one where the analyte concentration is easily measurable. 

Matrix Spike : A portion of the sample is spiked with a known concentration of target analyte. The purpose of the matrix 

spike is to monitor the performance of the analytical method used and to determine whether matrix interferences exist. 

LCS (Laboratory Control Sample) : This comprises either a standard reference material or a control matrix (such as a blank

sand or water) fortified with analytes representative of the analyte class. It is simply a check sample. 

Surrogate Spike: Surrogates are known additions to each sample, blank, matrix spike and LCS in a batch, of compounds

which are similar to the analyte of interest, however are not expected to be found in real samples.

Laboratory Acceptance Criteria

Duplicate sample and matrix spike recoveries may not be reported on smaller jobs, however, were analysed at a frequency

to meet or exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD and matrix

spike recoveries for the batch were within the laboratory acceptance criteria.

Filters, swabs, wipes, tubes and badges will not have duplicate data as the whole sample is 

generally extracted during sample extraction.

Spikes for Physical and Aggregate Tests are not applicable.

For VOCs in water samples, three vials are required for duplicate or spike analysis.

Duplicates: <5xPQL - any RPD is acceptable;  >5xPQL - 0-50% RPD is acceptable.

Matrix Spikes, LCS and Surrogate recoveries: Generally 70-130% for inorganics/metals; 60-140%

for organics and 10-140% for SVOC and speciated phenols is acceptable.

In circumstances where no duplicate and/or sample spike has been

reported at 1 in 10 and/or 1 in 20 samples respectively, the sample

volume submitted was insufficient in order to satisfy

laboratory QA/QC protocols.

When samples are received where certain analytes are outside of

recommended technical holding times (THTs), the analysis has 

proceeded. Where analytes are on the verge of breaching THTs, 

every effort will be made to analyse within the THT or as 

soon as practicable.
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Document ID: REP-02 
Issued By: S. Cameron 
Issue No: 2 

Date of Issue: 21/1/13 
Page 1 of 4 

 
 

ANALYSIS REPORT SOIL 
 
 
 

Project No:  EW130723 Date of Issue: 11/11/2013 

Customer: Envirolab Services Report No: 1 

Address: 12 Ashley Street Date Received: 30/10/2013 

Chatswood NSW 2067 Matrix: Soil 

Phone: 02 9910 6200 Location: - 

Fax: - Sampler ID: Client Supplied 

email: ahie@envirolab.com.au Date of Sampling: - 

  Sample Condition: Acceptable 

 
  

 

Results apply to the samples as submitted. All pages of this report have been checked and 
approved for release. 

 

Signed: Dan Poflotski 
  

 
Laboratory Manager 

 

 

 

 
 

 

         

      
               
               

 

      

      

 
  

    

PROFICIENT LAB 
Visit www.aspac-australasia.com 
 to view our certification details. 

  
  

East West is certified by the Australian-Asian Soil & Plant Analysis Council to 
perform various soil and plant tissue analysis. The tests reported herein have 

been performed in accordance with our terms of accreditation.  

This report must not be reproduced except in full and EWEA takes no 
responsibility of the end use of the results within this report.  

This analysis relates to the sample submitted and it is the client's 
responsibility to make certain the sample is representative of the matrix to be 
tested.  

Samples will be discarded one month after the date of this report. Please 

advise if you wish to have your sample/s returned.   
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Document ID: REP-02 
Issued By: S. Cameron 
Issue No: 2 

Date of Issue: 21/1/13 

Project No:

Particle Size Analysis 
Method 

Description

Method 

Reference
Units

Gravel >2.36mm Hydrometer ATSM D422 %

Very Coarse Sand 1.18-2.36mm Hydrometer ATSM D422 %

Coarse Sand 0.6-1.18mm Hydrometer ATSM D422 %

Medium Sand 0.3-0.6mm Hydrometer ATSM D422 %

Fine Sand 0.15-0.3mm Hydrometer ATSM D422 %

Very Fine Sand 0.075-0.15mm Hydrometer ATSM D422 %

Coarse Silt 0.075-0.02mm Hydrometer ATSM D422 %

Fine Silt 0.002-0.02mm Hydrometer ATSM D422 %

Clay <0.002mm Hydrometer ATSM D422 %

Moisture Oven dry AS 1289 % v/v

ANALYSIS REPORT

EW130723
Sample ID 99730-1 99730-2

Depth

130723-1 130723-2

0.1 7.6

0.1 13.0

0.1 16.7

0.5 11.1

0.8 3.0

0.7 4.7

26.6 9.3

25.6 11.9

45.5 22.7

46.1 60.9
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Document ID: REP-02 
Issued By: S. Cameron 
Issue No: 2 

Date of Issue: 21/1/13 

Project No:

Particle Size Analysis 
Method 

Description

Method 

Reference
Units

Gravel >2.36mm Hydrometer ATSM D422 %

Very Coarse Sand 1.18-2.36mm Hydrometer ATSM D422 %

Coarse Sand 0.6-1.18mm Hydrometer ATSM D422 %

Medium Sand 0.3-0.6mm Hydrometer ATSM D422 %

Fine Sand 0.15-0.3mm Hydrometer ATSM D422 %

Very Fine Sand 0.075-0.15mm Hydrometer ATSM D422 %

Coarse Silt 0.075-0.02mm Hydrometer ATSM D422 %

Fine Silt 0.002-0.02mm Hydrometer ATSM D422 %

Clay <0.002mm Hydrometer ATSM D422 %

Moisture Oven dry AS 1289 % v/v

12.2 37.6

67.7 50.3

4.4 4.1

9.0 39.9

10.0 17.6

16.4 0.1

15.0 0.1

5.3 0.6

130723-3 130723-4

9.1 0.0

13.7 0.0

ANALYSIS REPORT

EW130723
Sample ID 99730-3 99730-4

Depth
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Document ID: REP-02 
Issued By: S. Cameron 
Issue No: 2 

Date of Issue: 21/1/13 

Project No:

Particle Size Analysis 
Method 

Description

Method 

Reference
Units

Gravel >2.36mm Hydrometer ATSM D422 %

Very Coarse Sand 1.18-2.36mm Hydrometer ATSM D422 %

Coarse Sand 0.6-1.18mm Hydrometer ATSM D422 %

Medium Sand 0.3-0.6mm Hydrometer ATSM D422 %

Fine Sand 0.15-0.3mm Hydrometer ATSM D422 %

Very Fine Sand 0.075-0.15mm Hydrometer ATSM D422 %

Coarse Silt 0.075-0.02mm Hydrometer ATSM D422 %

Fine Silt 0.002-0.02mm Hydrometer ATSM D422 %

Clay <0.002mm Hydrometer ATSM D422 %

Moisture Oven dry AS 1289 % v/v

37.4

55.4

3.3

30.4

27.6

0.3

0.3

0.7

130723-5

0.0

0.0

ANALYSIS REPORT

EW130723
Sample ID 99730-5

Depth

This Analysis Report shall not be reproduced except in full without the written approval of the laboratory. 

DOCUMENT END 
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REPORT OF ANALYSIS

Laboratory Reference: A13/5926 [R01 ]

Client: BMT WBM Pty Ltd Order No: B20180

Level 8, 200 Creek Street Project: Diuron Anaysis of Marine Sediment

Brisbane  QLD  4000 Sample Type: Marine Sediment

No. of Samples: 10

Contact: Markus Billerbeck Date Received: 27/11/2013

Date Completed: 9/12/2013

Laboratory Contact Details:

Client Services Manager: Daniel Um

Technical Enquiries: Ian Eckhard

Telephone: +61 2 9888 9077

Fax: +61 2 9888 9577

Email: daniel.um@advancedanalytical.com.au

Attached Results Approved By:

Comments:

All samples tested as submitted by client. All attached results have been checked and approved for release.

This is the Final Report and supersedes any reports previously issued with this reference number.

Accredited for compliance with ISO/IEC 17025. This document shall not be reproduced, except in full.

Page 1 of  59 December 2013Issue Date:

Advanced Analytical Australia Pty ltd Ph:     + 61 2 9888 9077

ABN  20  105 644 979 Fax:   + 61 2 9888 9577

11 Julius Avenue, contact@advancedanalytical.com.au

North Ryde  NSW  2113  Australia www.advancedanalytical.com.au



Laboratory Reference: A13/5926 [R01 ]

Project: Diuron Anaysis of Marine Sediment

Laboratory Reference: - - A13/5926/1 A13/5926/2 A13/5926/3 A13/5926/4

Client Reference: - - A138 A140 C146 D147

Date Sampled: - - 26/11/2013 26/11/2013 26/11/2013 26/11/2013

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 39.6 44.7 27.3 44.2

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 <1 <1

Subcontract Analysis - Soil 

Total Organic Carbon SUB % 1.3 1.7 0.28 0.96

Laboratory Reference: - - A13/5926/5 A13/5926/6 A13/5926/7 A13/5926/8

Client Reference: - - D149 F150 G155 F156

Date Sampled: - - 26/11/2013 26/11/2013 26/11/2013 26/11/2013

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 61.2 46.0 25.8 29.5

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg 1.2 2.0 1 <1

Subcontract Analysis - Soil 

Total Organic Carbon SUB % 2.1 2.1 0.19 0.57

Laboratory Reference: - - A13/5926/9 A13/5926/10

Client Reference: - - H160 H162

Date Sampled: - - 26/11/2013 26/11/2013

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 24.0 28.8

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1

Subcontract Analysis - Soil 

Total Organic Carbon SUB % 0.19 0.31
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Laboratory Reference: A13/5926 [R01 ]

Project: Diuron Anaysis of Marine Sediment

Method Method Description

  04-004 Moisture by gravimetric, %

  LCMSMS *Analysis by LCMSMS

  SUB Subcontracted Analyses
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Laboratory Reference: A13/5926 [R01 ]

Project: Diuron Anaysis of Marine Sediment

Result Comments

[<] Less than

[INS] Insufficient sample for this test

[NA] Test not required

*Analyte is not covered by NATA scope of accreditation.
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Laboratory Reference: A13/5926 [R01 ]

Project: Diuron Anaysis of Marine Sediment

QUALITY ASSURANCE REPORT

TEST UNITS Blank Duplicate Sm# Duplicate Results Spike Sm# Spike 

Results

Diuron µg/kg <1 A13/5926-1 <1 || <1 External 106%

TEST UNITS Blank Duplicate Sm# Duplicate Results Spike Sm# Spike 

Results

Total Organic Carbon % <0.01 1.3 || NT NA

Comments:

RPD =   Relative Percent Deviation

[NT] =   Not Tested

[N/A] =   Not Applicable

'#' =   Spike recovery data could not be calculated due to high levels of contaminants

Acceptable replicate reproducibility limit or RPD: Results < 10 times LOR:  no limits.

Results >10 times LOR:  0% - 50%.

Acceptable matrix spike & LCS recovery limits: Trace elements  70-130%

Organic analyses  50-150%

SVOC & speciated phenols   10-140%

Surrogates  10-140%

When levels outside these limits are obtained, an investigation into the cause of the deviation

is performed before the batch is accepted or rejected, and results are released.
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REPORT OF ANALYSIS

Laboratory Reference: A14/3001 [R00 ]

Client: BMT WBM Pty Ltd Order No:

Level 8, 200 Creek Street Project: Sediment Analysis

Brisbane  QLD  4000 Sample Type: Sediment

No. of Samples: 71

Contact: Brad Grant Date Received: 06/06/2014

Date Completed: 26/06/2014

Laboratory Contact Details:

Client Services Manager: Trent Biggin

Technical Enquiries: Andrew Bradbury

Telephone: +61 7 3268 1228

Fax: +61 7 3268 1238

Email: brisbane@advancedanalytical.com.au

andrew.bradbury@advancedanalytical.com.au

Attached Results Approved By:

Comments:

All samples tested as submitted by client. All attached results have been checked and approved for release.

This is the Final Report and supersedes any reports previously issued with this reference number.

Accredited for compliance with ISO/IEC 17025. This document shall not be reproduced, except in full.
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Batch Number: A14/3001 [R00]

Project Reference: Sediment Analysis

Laboratory Reference: - - /1 /2 /3 /4

Client Reference: - - C94 0-0.5 C94 0.5-0.95 B2 0-0.5 B2 0.5-1.0

Date Sampled: - - 02/06/2014 02/06/2014 02/06/2014 02/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 56.9 53.5 37.0 42.1

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 <1 <1

Subcontract Analysis 

Total Organic Carbon SUB % 1.6 1.6 0.51 0.45

Laboratory Reference: - - /5 /6 /7 /8

Client Reference: - - B7 0-0.5 B7 0.5-0.9 B9 0-0.5 B9 0.5-1.0

Date Sampled: - - 02/06/2014 02/06/2014 02/06/2014 02/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 40.1 38.3 38.8 39.9

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 <1 <1

Subcontract Analysis 

Total Organic Carbon SUB % 0.50 0.46 0.48 0.51

Laboratory Reference: - - /9 /10 /11 /12

Client Reference: - - C22 0-0.5 C22 0.5-0.9 B25 0-0.5 B25 0.5-1.0

Date Sampled: - - 02/06/2014 02/06/2014 02/06/2014 02/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 57.6 51.7 48.9 49.7

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 <1 <1

Subcontract Analysis 

Total Organic Carbon SUB % 0.97 0.92 0.87 0.97
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Batch Number: A14/3001 [R00]

Project Reference: Sediment Analysis

Laboratory Reference: - - /13 /14 /15 /16

Client Reference: - - C29 0-0.5 C29 0.5-0.8 C30 0-0.5 C30 0.5-1.0

Date Sampled: - - 02/06/2014 02/06/2014 02/06/2014 02/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 52.0 55.6 57.3 55.8

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 <1 <1

Subcontract Analysis 

Total Organic Carbon SUB % 1.1 1.1 1.5 1.1

Laboratory Reference: - - /17 /18 /19 /20

Client Reference: - - B41  0-0.5 B41 0.5-0.9 C50 0-0.5 C50 0.5-1.0

Date Sampled: - - 02/06/2014 02/06/2014 02/06/2014 02/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 52.1 52.4 58.5 58.0

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 <1 <1

Subcontract Analysis 

Total Organic Carbon SUB % 1.0 1.3 1.2 1.2

Laboratory Reference: - - /21 /22 /23 /24

Client Reference: - - C50 1.0-1.2 C53 0-0.5 C53 0.5-0.9 QAQC 2

Date Sampled: - - 02/06/2014 02/06/2014 02/06/2014 02/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 52.8 55.1 56.8 58.9

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 <1 <1

Subcontract Analysis 

Total Organic Carbon SUB % 1.3 1.1 1.3 1.2

Page 3 of  1026 June 2014Issue Date:

Advanced Analytical Australia Pty Ltd Ph:     + 61 2 9888 9077

ABN 20 105 644 979 Fax:   + 61 2 9888 9577

11 Julius Avenue contact@advancedanalytical.com.au

North Ryde  NSW  2113  Australia www.advancedanalytical.com.au



Batch Number: A14/3001 [R00]

Project Reference: Sediment Analysis

Laboratory Reference: - - /25 /26 /27 /28

Client Reference: - - QAQC1 B54 0-0.5 B54 0.5-1.0 B54 1.0-1.1

Date Sampled: - - 02/06/2014 02/06/2014 02/06/2014 02/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 42.5 [NA] 55.6 52.6

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 <1 <1

Subcontract Analysis 

Total Organic Carbon SUB % 0.46 0.91 1.3 0.93

Laboratory Reference: - - /29 /30 /31 /32

Client Reference: - - C99 0-0.5 C99 0.5-0.8 B63 0-0.5 B63 0.5-1.0

Date Sampled: - - 02/06/2014 02/06/2014 03/06/2014 03/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 59.5 58.4 44.0 57.2

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 <1 <1

Subcontract Analysis 

Total Organic Carbon SUB % 2.1 1.8 0.78 1.5

Laboratory Reference: - - /33 /34 /35 /36

Client Reference: - - B63 1.0-1.8 C72 0-0.5 C72 0.5-1.0 C72 1.0-1.95

Date Sampled: - - 03/06/2014 03/06/2014 03/06/2014 03/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 52.9 53.4 53.1 53.1

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 <1 <1

Subcontract Analysis 

Total Organic Carbon SUB % 1.6 1.4 1.3 1.5
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Batch Number: A14/3001 [R00]

Project Reference: Sediment Analysis

Laboratory Reference: - - /37 /38 /39 /40

Client Reference: - - B74 0-0..5 B74 0.5-1.0 B74 1.0-2.0 B79 0-0.5

Date Sampled: - - 03/06/2014 03/06/2014 03/06/2014 03/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 59.3 55.3 52.2 57.5

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 <1 <1

Subcontract Analysis 

Total Organic Carbon SUB % 1.4 1.5 1.6 1.4

Laboratory Reference: - - /41 /42 /43 /44

Client Reference: - - B79 0.5-1.0 B79 1.0-1.8 C82 0-0.5 C82 0.5-1.0

Date Sampled: - - 03/06/2014 03/06/2014 03/06/2014 03/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 53.5 52.0 56.7 55.0

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 <1 <1

Subcontract Analysis 

Total Organic Carbon SUB % 1.6 1.7 1.6 1.5

Laboratory Reference: - - /45 /46 /47 /48

Client Reference: - - C82 1.0-1.8 B104 0-0.5 B104 0.5-1.0 B104 1.0-1.1

Date Sampled: - - 03/06/2014 03/06/2014 03/06/2014 03/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 54.2 31.1 32.4 30.9

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 <1 <1

Subcontract Analysis 

Total Organic Carbon SUB % 1.7 0.51 0.63 0.80
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Batch Number: A14/3001 [R00]

Project Reference: Sediment Analysis

Laboratory Reference: - - /49 /50 /51 /52

Client Reference: - - QAQC 4 QAQC 3 B108 0-0.5 B108 0.5-1.0

Date Sampled: - - 03/06/2014 03/06/2014 03/06/2014 03/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 55.2 53.6 31.6 35.4

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 <1 <1

Subcontract Analysis 

Total Organic Carbon SUB % 1.4 1.3 0.72 0.96

Laboratory Reference: - - /53 /54 /55 /56

Client Reference: - - B108 1.0-1.3 C119 0-0.2 C121 0-0.5 C121 0.5-0.8

Date Sampled: - - 03/06/2014 03/06/2014 03/06/2014 03/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 30.6 54.2 55.6 52.7

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 <1 <1

Subcontract Analysis 

Total Organic Carbon SUB % 0.63 2.0 1.5 1.3

Laboratory Reference: - - /57 /58 /59 /60

Client Reference: - - B130 0-0.5 A127 0.1-0.55 F150 0.01-0.45 H165 0.02-0.1

Date Sampled: - - 03/06/2014 03/06/2014 03/06/2014 04/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 54.3 36.1 32.0 23.1

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 <1 <1

Subcontract Analysis 

Total Organic Carbon SUB % 1.3 1.1 4.0 0.05
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Batch Number: A14/3001 [R00]

Project Reference: Sediment Analysis

Laboratory Reference: - - /61 /62 /63 /64

Client Reference: - - G155 0-0.05 H167 0.05-0.11 H167 0-0.08 k167 0-0.03

Date Sampled: - - 04/06/2014 04/06/2014 04/06/2014 04/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 23.0 28.1 62.0 31.5

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 1.8 <1

Subcontract Analysis 

Total Organic Carbon SUB % 0.05 0.13 2.3 1.0

Laboratory Reference: - - /65 /66 /67 /68

Client Reference: - - P180 0-0.04 I172 1.05-1.10 M180 Grab M180 0.06-0.12

Date Sampled: - - 04/06/2014 04/06/2014 04/06/2014 04/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 65.8 22.7 53.4 21.0

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg <1 <1 1.5 <1

Subcontract Analysis 

Total Organic Carbon SUB % 0.98 0.20 2.0 0.07

Laboratory Reference: - - /69 /70 /71

Client Reference: - - QAQC 6 QAQC 5 A127 0-0.1

Date Sampled: - - 04/06/2014 03/06/2014 03/06/2014

                  

Analysis Description Method Units

Moisture Content 

Moisture Content 04-004 % 60.1 53.0 42.0

Herbicides by LCMSMS 

Diuron LCMSMS µg/kg 1.8 <1 <1

Subcontract Analysis 

Total Organic Carbon SUB % 2.3 1.3 0.81
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Batch Number: A14/3001 [R00]

Project Reference: Sediment Analysis

Method Method Description

  04-004 Moisture by gravimetric, %

  LCMSMS *Analysis by LCMSMS

  SUB Subcontracted Analyses

Result Comments

[<] Less than

[INS] Insufficient sample for this test

[NA] Test not required

*Analyte is not covered by NATA scope of accreditation.

Solid sample results are reported on a dry weight basis.

Analysis was subcontracted to Sydney Analytical Laboratories (NATA Number 1884); reference SAL report number SAL25126B.
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Batch Number: A14/3001 [R00]

Project Reference: Sediment Analysis

QUALITY ASSURANCE REPORT

TEST UNITS Blank Duplicate Sm# Duplicate Results Spike Sm# Spike 

Results

Diuron µg/kg <1 A14/3001-1 <1 || <1 A14/3001-1 102%

TEST UNITS Blank

Total Organic Carbon % <0.01

TEST Units Blank Duplicate Sm# Duplicate Results Spike Sm# Spike 

Results

Diuron µg/kg <1 A14/3001-11 <1 || <1 A14/3001-21 97%

TEST Units Blank Duplicate Sm# Duplicate Results Spike Sm# Spike 

Results

Diuron µg/kg <1 A14/3001-21 <1 || <1 A14/3001-41 105%

TEST Units Blank Duplicate Sm# Duplicate Results Spike Sm# Spike 

Results

Diuron µg/kg [NT] A14/3001-31 <1 || <1 A14/3001-61 95%

TEST Units Blank Duplicate Sm# Duplicate Results

Diuron µg/kg [NT] A14/3001-41 <1 || <1

TEST Units Blank Duplicate Sm# Duplicate Results

Diuron µg/kg [NT] A14/3001-51 <1 || <1

TEST Units Blank Duplicate Sm# Duplicate Results

Diuron µg/kg [NT] A14/3001-61 <1 || <1

TEST Units Blank Duplicate Sm# Duplicate Results

Diuron µg/kg [NT] A14/3001-71 <1 || <1

TEST Units Blank Duplicate Sm# Duplicate Results

Total Organic Carbon % [NT] A14/3001-10 0.92 || 0.90 || RPD: 2 

TEST Units Blank Duplicate Sm# Duplicate Results

Total Organic Carbon % [NT] A14/3001-20 1.2 || 1.2 || RPD: 0 

Page 9 of  1026 June 2014Issue Date:

Advanced Analytical Australia Pty Ltd Ph:     + 61 2 9888 9077

ABN 20 105 644 979 Fax:   + 61 2 9888 9577

11 Julius Avenue contact@advancedanalytical.com.au

North Ryde  NSW  2113  Australia www.advancedanalytical.com.au



Batch Number: A14/3001 [R00]

Project Reference: Sediment Analysis

TEST Units Blank Duplicate Sm# Duplicate Results

Total Organic Carbon % [NT] A14/3001-30 1.8 || 1.8 || RPD: 0 

TEST Units Blank Duplicate Sm# Duplicate Results

Total Organic Carbon % [NT] A14/3001-40 1.4 || 1.5 || RPD: 7 

TEST Units Blank Duplicate Sm# Duplicate Results

Total Organic Carbon % [NT] A14/3001-50 1.3 || 1.3 || RPD: 0 

TEST Units Blank Duplicate Sm# Duplicate Results

Total Organic Carbon % [NT] A14/3001-60 0.05 || 0.06 || RPD: 18 

TEST Units Blank Duplicate Sm# Duplicate Results

Total Organic Carbon % [NT] A14/3001-70 1.3 || 1.3 || RPD: 0 

Comments:

RPD =   Relative Percent Deviation

[NT] =   Not Tested

[N/A] =   Not Applicable

'#' =   Spike recovery data could not be calculated due to high levels of contaminants

Acceptable replicate reproducibility limit or RPD: Results < 10 times LOR:  no limits

Results >10 times LOR:  0% - 50%

Acceptable matrix spike & LCS recovery limits: Trace elements  70-130%

Organic analyses  50-150%

SVOC & speciated phenols   10-140%

Surrogates  10-140%

When levels outside these limits are obtained, an investigation into the cause of the deviation

is performed before the batch is accepted or rejected, and results are released.
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BMT WBM Bangalow 6/20 Byron Street, Bangalow 2479 

Tel +61 2 6687 0466 Fax +61 2 66870422 
Email  bmtwbm@bmtwbm.com.au 
Web www.bmtwbm.com.au 
 

BMT WBM Brisbane Level 8, 200 Creek Street, Brisbane  4000 
PO Box 203, Spring Hill  QLD  4004 
Tel +61 7 3831 6744 Fax +61 7 3832 3627 
Email  bmtwbm@bmtwbm.com.au 
Web www.bmtwbm.com.au 
 

BMT WBM Denver 8200 S. Akron Street, #B120 
Centennial,  Denver Colorado  80112 USA 
Tel +1 303 792 9814 Fax +1 303 792 9742 
Email denver@bmtwbm.com 
Web  www.bmtwbm.com 
 

BMT WBM London International House, 1st Floor 
St Katharine’s Way, London E1W 1AY 
Email  london@bmtwbm.co.uk 
Web  www.bmtwbm.com 
 

BMT WBM Mackay Suite 1, 138 Wood Street, Mackay  4740 
PO Box 4447, Mackay QLD  4740 
Tel  +61 7 4953 5144 Fax +61 7 4953 5132 
Email  mackay@bmtwbm.com.au 
Web  www.bmtwbm.com.au 
 

BMT WBM Melbourne Level 5, 99 King Street, Melbourne  3000 
PO Box 604, Collins Street West  VIC  8007 
Tel +61 3 8620 6100 Fax  +61 3 8620 6105 
Email  melbourne@bmtwbm.com.au 
Web  www.bmtwbm.com.au 
 

BMT WBM Newcastle 126 Belford Street, Broadmeadow 2292 
PO Box 266,  Broadmeadow  NSW  2292 
Tel  +61 2 4940 8882 Fax +61 2 4940 8887 
Email newcastle@bmtwbm.com.au 
Web www.bmtwbm.com.au 
 

BMT WBM Perth Suite 6, 29 Hood Street, Subiaco  6008 
Tel  +61 8 9328 2029 Fax +61 8 9486 7588 
Email  perth@bmtwbm.com.au 
Web www.bmtwbm.com.au 
 

BMT WBM Sydney Level 1, 256-258 Norton Street, Leichhardt  2040 
PO Box 194, Leichhardt  NSW  2040 
Tel  +61 2 8987 2900 Fax +61 2 8987 2999 
Email sydney@bmtwbm.com.au 
Web www.bmtwbm.com.au 
 

BMT WBM Vancouver Suite 401, 611 Alexander Street 
Vancouver  British Columbia V6A 1E1 Canada 
Tel +1 604 683 5777 Fax +1 604 608 3232 
Email vancouver@bmtwbm.com 
Web  www.bmtwbm.com 
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