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1. Introduction 

1.1 Background 

Johns Creek Boat Harbour (hereafter the Boat Harbour) is a small facility located south of the 

Point Samson town site and ~40 km north-east of Karratha, in the Pilbara region.  The Boat 

Harbour is located within a mangrove tidal creek and has historically experienced siltation issues 

(JFA & Oceanica 2005).  Recent complaints from users have highlighted areas of sediment 

accretion; and preparations for maintenance dredging of the Boat Harbour in autumn 2017 are 

now underway. 

 

The construction of Johns Creek Boat Harbour commenced in 1982.  Construction of the pens, 

service jetty, a 40 tonne slipway and services was completed in 1984.  A redevelopment of the 

Boat Harbour commenced in October 1999, and after a nine month construction period was 

officially opened on 15 July 2000 (JFA & Oceanica 2005).  The redevelopment involved the 

deepening of the basin to a depth of -2.1 m lowest astronomical tide (LAT) and was carried out 

using excavators working from temporary bunds (JFA & Oceanica 2005).  Excavated material 

was loaded directly into trucks and was either used as fill or carted to the Shire of Roebourne 

(now City of Karratha) quarry site. 

1.2 Purpose of this document 

This document outlines the Sediment Sampling and Analysis Plan (SAP) for characterisation of 

sediments within the proposed dredging and disposal areas at the Johns Creek Boat Harbour in 

accordance with the Western Australian (WA) Department of Transport's Environmental 

Management Framework (EMF; BMT Oceanica 2016).  The proposed sediment sampling covers 

a range of onshore and offshore disposal sites that may be used in future maintenance dredging 

campaigns of the Boat Harbour.  The results of the sediment sampling and analyses will be 

presented in a Dredging Environmental Impact Assessment (DEIA).   

 

This SAP has been prepared with reference to the National Assessment Guidelines for Dredging 

(NAGD; CA 2009) and the WA Department of Environment Regulation (DER) Contaminated Sites 

Guidelines (DER 2014).  The NAGD (CA 2009) provides a reasonable and logical framework for 

the sampling of marine sediments to adequately characterise the physical and contamination 

status of the material to be dredged, whereas the Contaminated Sites Guidelines (DER 2014) 

provides a framework for sampling of soils at the proposed onshore disposal areas.  Both 

frameworks provide guidance on sampling intensity as well as appropriate methods for sampling, 

quality assurance and quality control (QA/QC), and sample handling, storage and transport.  Both 

frameworks also provide guidelines for the assessment of the contamination status of sediment 

and soil. 

 

The specific objectives of this SAP are to: 

 

 describe the proposed dredging and disposal works 

 outline the relevant legislation and guidelines 

 review the existing information on sediment quality and potential contamination sources within 

the dredging and disposal areas 

 document the proposed sampling program, including sample location, analytes and 

assessment guidelines 

 describe the methods for sampling, sample preservation, transportation and storage to ensure 

sample integrity 

 outline the data QA/QC measures and analyses. 
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1.3 Proposed dredging and disposal 

The proposed maintenance dredging in autumn 2017 will restore the original design depths in 

most areas of the Boat Harbour and entrance channel down to -2.1 m LAT and 0.0m LAT 

respectively.  To achieve this, up to 47 000 m3 of material will be removed from the entrance 

channel and the Boat Harbour (refer to Drawing JFA 1530-06-01; Appendix A), using a small 

cutter-suction dredge.   

 

Material from the entrance channel (expected to be clean marine sands) will be pumped to a 

sandbar south-west of the Boat Harbour (hereafter the western disposal site), and material from 

the Boat Harbour (expected to be possibly contaminated sediments) will be pumped into a 

bunded disposal area on the banks of Johns Creek north of the Boat Harbour (hereafter Johns 

Creek disposal site).  Both sites are above the low water mark and are therefore considered to be 

onshore disposal. 

 

The Johns Creek disposal site north of the Boat Harbour will be bunded to create a small settling 

pond for the dredged material.  This pond will act to reduce turbidity generated by return water 

discharging back into the estuarine environment, and also reduce the leaching of potential 

contaminants into the creek.    

 

The duration of the maintenance dredging campaign will depend on the final dredging design and 

specific dredging plant selected, however the works are expected to extend for ~2–3 months. 

1.4 Relevant legislation and guidelines 

The environmental legislation and guidelines applicable to the proposed maintenance dredging 

campaign are outlined below: 

 

 WA Department of Transport Maintenance Dredging  Environmental Management Framework 

(BMT Oceanica 2016) 

 Environmental Protection Act 1986 (WA) 

 Environment Protection and Biodiversity Conservation Act 1999 (Commonwealth) 

 Contaminated Sites Act 2003 (WA) 

 Aboriginal Heritage Act 1972 

 Contaminated Sites Guidelines (DER 2014) 

 National Assessment Guidelines for Dredging (CA 2009) 

 Acid Sulfate Soils Guidelines Series (DER 2015) 

 Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC & 

ARMCANZ 2000) 

 Preparation of Management Plans under Part IV of the Environmental Protection Act 1986 

(Environmental Assessment Guideline No 17; EPA 2015).   

 

Refer to Appendix B for further details of these environmental legislations and guidelines. 

1.5 Review of existing sediment data and potential contamination 
sources 

The main source of potential contamination to the proposed dredging and disposal sites is likely 

to be associated with commercial/recreational boating operations and maintenance activities.  

This potential contamination is likely to be more significant in the Boat Harbour, whereas the 

entrance channel is anticipated to have relatively clean marine sands.  Sediments within the 

Johns Creek disposal site have the potential to be contaminated by activities on an adjoining 

industrial estate. 
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1.5.1 Previous sediment sampling 

Sediments were collected from seven sites within the Boat Harbour basin in August 2005 (JFA & 

Oceanica 2005).  Sediments were found to be primarily fine silt and clay.  Sample analyte 

concentrations exceeded relevant guidelines for arsenic, chromium, nickel and mercury (JFA & 

Oceanica 2005).  However, leachate and elutriate concentrations of these metals were all below 

the laboratory limit of reporting, indicating that the metals were strongly bound to the sediment 

particles, and unlikely to become biologically available during the dredging and disposal process 

(JFA & Oceanica 2005).  The Boat Harbour sediments have not been sampled since 2005, and 

no sampling has ever been completed of the entrance channel sediments. 

1.5.2 Contaminants of concern 

Based on the potential sediment contamination and risk rating (Table 1.1), the proposed onshore 

disposal method, and recommendations in the EMF (BMT Oceanica 2016), the sediment 

samples from each of the proposed sampling areas (Boat Harbour basin, entrance channel, 

western disposal site, Johns Creek disposal site, and reference sites; Figure 2.1) will be tested 

for a range of analytes explained in more detail in Section 3.   

Table 1.1 Contaminants of potential concern and rationale for sediment analyses at 

Johns Creek Boat Harbour 

Contaminant type Contaminant analysed Possible source Potential impact 

Metals 

 arsenic 

 cadmium 

 chromium (III and VI) 

 copper 

 lead 

 mercury 

 nickel 

 zinc  

Vessel 

operation/maintenance 

and other sources 

High concentrations 

harmful to 

humans/flora/fauna 

Organotins  tributyltin 

Vessel antifouling paint 

(illegal for use since 

2008) 

High concentrations 

harmful to fauna, 

particularly molluscs 

Hydrocarbons 

 Total recoverable hydrocarbons 

 Polycyclic aromatic hydrocarbons 

 Benzene, toluene, ethylbenzene 

and xylene 

Fuels and lubricants 

High concentrations 

harmful to 

humans/flora/fauna 

Acid sulfate soils  Chromium suite 

Decay of organic 

material, potentially 

from adjacent 

mangrove areas 

Release of acid and 

mobilisation of metal 

contaminants with the 

potential to cause 

human and/or 

environmental harm 

Nutrients 
 Total nitrogen 

 Total phosphorus 

Organic material from 

Johns Creek and 

surrounding mangrove 

areas 

High concentrations 

harmful to 

humans/flora/fauna  
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2. Field Sampling Plan 

2.1 Sampling design 

The maintenance dredging volume for the Boat Harbour and entrance channel is expected to be 

~47 000 m3.  As the proposed dredging volume is less than 500 000 m3, the entire dredging area 

has been treated as a single site (CA 2009).  In accordance with the NAGD (Table 2.1; CA 2009), 

a minimum of 12 sampling sites in the dredging area is required.   

 

In addition, the disposal areas will be sampled in accordance with the EMF (BMT Oceanica 2016) 

as follows (Figure 2.1): 

 

 three sites within the western disposal site as these sediments are classified as 'probably 

clean'  

 seven sites within the Johns Creek disposal site as these sediments are 'potentially 

contaminated' 

 three onshore reference sites north of the Boat Harbour away from any potential 

contamination. 

 

Details of the proposed sediment sampling program are described in the sections below. 

2.1.1 Sampling sites 

Sediment sampling sites have been randomly distributed throughout the dredging and disposal 

areas using ArcGIS 10 software (Figure 2.1).  Some sites were manually re-positioned to ensure 

adequate sample depth and coverage of the high spots in the Boat Harbour basin and entrance 

channel.  Sediment cores will be collected from 12 sites in the proposed dredging area and 10 

sites within the disposal areas (Figure 2.1).  The coordinates of the proposed sediment sampling 

sites are listed in Table 2.1.   

2.1.2 Sampling depth 

Sediments within the proposed dredging area will be sampled to the target core sampling depths 

(Table 2.1), or to the depth of core refusal.  Each sediment core collected will be divided into 

0.5 m depth intervals and subsamples will be taken from each 0.5 m interval and analysed 

separately. 

 

Sediments within the proposed disposal areas and reference area will be sampled to a depth of 

0.1 m (Figure 2.1).  Any recent contamination will occur in the surface sediments.  The 

coordinates of the proposed sediment sampling sites are listed in Table 2.1.   
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Figure 2.1 Proposed sediment/soil sampling sites at Johns Creek Boat Harbour 
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Table 2.1 Proposed sediment/soil sampling site coordinates and target sampling 

depths at Johns Creek Boat Harbour 

Sediment 

sampling 

site
1
 

Sampling area 

Coordinates (UTM50 GDA94) 
Target dredging 

depth (m) 

Target sampling 

depth (m) 
Easting Northing 

JCH1 

Dredging area 

(basin and 

entrance 

channel) 

520445 7717902 0.56 1.0 

JCH2 520134 7717785 0.63 1.0 

JCH3 519936 7717822 0.21 0.5 

JCH4 519911 7717910 0.42 0.5 

JCH5 519965 7717962 1.83 2.0 

JCH6 519879 7717987 1.31 1.5 

JCH7 519942 7718050 0.85 1.0 

JCH8 520013 7718008 0.29 0.5 

JCH9 520007 7718076 1.80 2.0 

JCH10 520051 7718055 0.35 0.5 

JCH11 520079 7718066 0.93 1.0 

JCH12 520063 7718078 1.52 2.0 

WD1 
Western disposal 

site 

519330 7717253 Surface sediments 0.1 

WD2 519278 7717433 Surface sediments 0.1 

WD3 519177 7717429 Surface sediments 0.1 

JCD1 

Johns Creek 

disposal site 

520160 7718186 Surface sediments 0.1 

JCD2 520165 7718190 Surface sediments 0.1 

JCD3 520156 7718242 Surface sediments 0.1 

JCD4 520159 7718260 Surface sediments 0.1 

JCD5 520158 7718271 Surface sediments 0.1 

JCD6 520158 7718285 Surface sediments 0.1 

JCD7 520159 7718306 Surface sediments 0.1 

REF1 
Onshore 

reference site 

520019 7718409 Surface sediments 0.1 

REF2 519941 7718592 Surface sediments 0.1 

REF3 519928 7718765 Surface sediments 0.1 

Note: 

1. Refer to Figure 2.1 for sediment sampling site locations 

2.1.3 Sampling QA/QC 

The NAGD (CA 2009) recommends two types of QA/QC samples: 

 

 Triplicate: at 10% of sampling sites, three separate cores (or surface samples for disposal 

areas and reference sites) shall be taken at the same sampling site, to determine the 

variability of the physical and chemical sediment characteristics at the scale of sampling. 

 Split sample: at 5% of sampling sites, the samples shall be thoroughly mixed then split into 

three containers to assess laboratory variation, with two of the three samples analysed at the 

primary laboratory (intra-laboratory splits) and the third sample analysed by a reference 

laboratory (inter-laboratory split). 

 

For the proposed sampling design (Section 2.1), three triplicate samples (site JCH4, JCH10, 

JCD5) and two split samples (site JCH3, JCD2) will be collected.  The QA/QC sampling (for 

triplicate and split samples) will only be done for the surface (0.0–0.5 m) samples and will cover 

both the dredging and disposal areas.  Analysis for PSD will be completed on the triplicate 

sample, but not on the split samples. 
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2.1.4 Samples to be analysed 

In recognition of the small-scale of the proposed maintenance dredging campaign, a risk-based 

screening approach is proposed for analysis of the sediments from the dredging area, consistent 

with the EMF (BMT Oceanica 2016).  Initially for each site within the dredging area, only the 

sample with the highest risk of contamination (typically the surface 0.0–0.5 m interval) will be 

analysed.  At one site in the dredging area (nominally JCH12 in the basin; Figure 2.1), samples 

from all depths (up to 2.0 m) will be analysed to determine the likelihood of contamination in 

deeper layers of sediment.  All remaining intervals that are collected will be stored for further 

analysis if required.  Therefore a total of 38 samples will be analysed from the proposed dredging 

and disposal areas, including QA/QC samples (Table 2.2).   

Table 2.2 Number of samples to be analysed from Johns Creek Boat Harbour 

Sampling area 

Total number of samples collected 
Total number 

of samples to 

be sent for 

initial analysis 
0–0.5 m 0.5–1.0 m 1.0–1.5 m 1.5–2.0 m 

Dredging area (basin and entrance channel) 12 8 4 3 15 

Western disposal site 3
1
 - - - 3 

Johns Creek disposal site 7
1
 - - - 7 

Reference site 3
1
 - - - 3 

QA/QC
 

10 - - - 10 

Total 27 8 4 3 38 

Notes: 

1. Only surface 0.0–0.1 m to be sent for analysis 

2. QA/QC = quality assurance and quality control 

2.2 Field operations and procedures 

The field procedures used during the sampling are consistent with NAGD (CA 2009) and are 

detailed in the following sections. 

2.2.1 Health and safety 

A Field Operations Plan and a Job Hazard Analysis (JHA) shall be completed prior to the field 

survey to identify and address the workplace health and safety associated with the survey.  All 

field personnel will be required to review and sign the field plan and JHA.  Dive logs and 

associated paperwork will be maintained throughout field operations. 

 

Sediment sampling can pose a moderate to high risk to divers, mainly due to vessel traffic in the 

Boat Harbour.  There is a low risk of personal injury from the use of the sampling equipment and 

the sediments to be sampled are considered to pose little risk to the health of field personnel.  

There are few hazardous substances required to complete the field sampling.  Those required 

are of low risk to field personnel (i.e. Decon 901 and medical oxygen).  The use of hazardous 

substances is risk-assessed as part of the JHA, and material safety data sheets for hazardous 

substances will be available in the field.   

 

Appropriate personal protective equipment (PPE) will be worn by all field personnel, including the 

use of non-latex, non-powder, nitrile gloves while handling sediment samples.   

                                                
1
 Decon 90 is a biodegradable concentrate that combines anionic and non-anionic surface active agents with stabilising agents, 

alkalis and non-phosphate detergent builders to produce a highly effective cleaning compound 
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2.2.2 Equipment and personnel 

The dive team will consist of an Australian Diver Accreditation Scheme (ADAS) qualified dive 

supervisor (to AS 2815.5), two ADAS qualified divers (to a minimum of AS 2815.1) and a vessel 

master.  The dive team will be responsible for collection, sub-sampling and logging of all 

sediment samples.  All dive and sediment sampling equipment will be supplied and checked prior 

to mobilisation.  The following equipment will be used during the sediment sampling program: 

 

 dive equipment in compliance with AS/NZS 2299.1:2007 Occupational Diving Operations – 

Standard Operational Practice  

 medical oxygen and first aid kit 

 shark deterrent devices 

 dive flags 

 vessel GPS 

 hand-held GPS 

 3 x 2.5 m cores (50 mm diameter, PVC) 

 3 x 20 cm cores (10 cm diameter, PVC) 

 slide hammer to insert core into seabed – stainless steel sleeve with handle, which fits over 

the PVC cores 

 2 x core retrievers 

 catch bags 

 rubber bungs for cores 

 pneumatic core pump 

 core trays 

 rinsed sample containers provided by the laboratories 

 Ziploc bags or equivalent resealable plastic bag 

 eskies and ice bricks 

 non-latex, non-powder, nitrile gloves 

 Pyrex glass bowls 

 stainless steel or Teflon spoons 

 Decon 90 

 plastic tubs and brushes for washing 

 digital camera, with underwater housing 

 field and sediment logs 

 chain of custody (CoC) forms 

 daily operations reports 

 PPE (steel-cap boots, sunscreen, long trousers, long-sleeved high-visibility shirts, wide-

brimmed hats, gloves) 

 Munsell soil colour chart and scale bar 

 electrical tape 

 permanent markers 

 spare batteries for camera and GPS.  

2.2.3 Contingency 

In the event of delays due to bad weather or critical equipment failure, sampling will be continued 

as soon as safely possible.  In case of extended delays, any samples already collected will be 

freighted back to Perth and submitted to the laboratory for testing rather than being held until the 

completion of the entire sampling program.  Any deviation from the procedures outlined in this 

document will be noted in the DEIA, and records of sample delivery to the laboratories will be 

filed and supplied on request. 
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The recommended sample holding times, storage and transport, as defined within the NAGD 

(CA 2009; Section 2.2.8), will be adhered to.  Should any holding times be exceeded, 

BMT Oceanica will discuss sample integrity with the relevant laboratories and derive a 

contingency plan for sample analysis.  The client will be advised should there be a requirement to 

collect fresh samples.  

2.2.4 Sediment collection 

A GPS will be used to locate the proposed sediment sampling sites (Figure 2.1).  Sites may be 

manually re-positioned if required; for example: if site access within the proposed sampling areas 

is restricted due to moored vessels; or if target sampling depths cannot be reached.  The 'actual' 

location of each site will be recorded on the GPS (accuracy ±5 m) to mark and confirm the 

sampled location.   

 

A single tethered diver will collect the sediment samples, using a PVC core (50 mm inside 

diameter, 2.5 m long).  The diver will obtain the sediment by using a stainless steel slide hammer 

to drive the core into the sediment to the target sampling depth (Table 2.2) or until refusal.  The 

top of the corer will be filled with seawater and a bung inserted in the top to create a vacuum to 

retain the sample before extraction from the seabed.  The diver will insert a second bung into the 

bottom of the corer when the opening is still just below the seabed surface to avoid sediment loss 

during extraction.  One core will be collected from most sampling sites, with three cores collected 

from the triplicate site (see Section 2.1).   

 

After core retrieval, the diver will ascend while holding the cores upright and hand them to 

personnel onboard the vessel in the same upright position.  To avoid loss of sediment fines, 

cores will be placed upright on the deck of the vessel to allow settlement prior to careful 

dewatering of excess headwater. 

 

Onshore sediment samples will be collected using a short, 10 cm core in a similar method to 

cores collected underwater.  However, the core will not be filled with water prior to extraction.  In 

the event that diving is not possible (i.e. strong currents or dangerous marine fauna) sediment 

samples shall be collected via a core from the boat where possible, or by using a grab sampler. 

2.2.5 Seawater collection 

Seawater will be collected within the vicinity of the Boat Harbour for use during elutriate analysis 

(and stored until/if required).  Approximately 50 L will be collected on the last day of sampling and 

as close to transportation time as possible to ensure it arrives at the laboratory as soon as 

possible after sampling.  Seawater will be collected from an area away from potential sources of 

contamination and turbidity.   

2.2.6 Sample processing and labelling 

The cores will be extracted onto a core tray after recovery.  Before placing the sediment into 

laboratory sample containers, the following data and metadata will be entered onto a field log: 

 

 date and time of sampling 

 sampling site number 

 sample identifier (ID) 

 coordinates of each location at which samples are taken (recorded on a GPS) 

 identity of diver and sampler 

 water depth of sampling location 

 core penetration and recovered core length 
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 sediment characteristics including Munsell colour, texture, angularity, odour, sediment type, 

grain size, presence of foreign material, organics and shell fragments 

 local weather conditions at time of sampling, such as tides, swell and currents. 

 

The sediment cores will be photographed and then separated into 0.5 m intervals (sample 

intervals) within a core tray (sample ID and a scale bar will be present in each photograph).  The 

sample will be homogenised within a glass bowl using a stainless steel or Teflon spoon until the 

colour and texture is uniform.  The mixing of the sample will be limited to avoid oxygenation of the 

sample.  An appropriate volume from the relevant 0.5 m interval will be collected for each 

laboratory as described in Section 2.2.8.  The samples will be placed into the appropriate sample 

containers provided by the laboratory, and the remaining material from each 0.5 m interval will be 

stored appropriately.  The core tray will be cleaned with Decon 90 and rinsed thoroughly with 

clean seawater between each sampling site. 

 

All of the sample containers will be clearly labelled in two locations with a unique ID, the date of 

collection, and the BMT Oceanica project number.  A field sediment inventory log will also be kept 

to ensure that each sample can be identified, and a photograph of each field log will be taken as 

a back-up, as often as required.  The field log will record: 

 

 date of sampling  

 field personnel/diver 

 sample location and GPS coordinates 

 sampling interval within the core (e.g. 0.0–0.5 m) 

 sample containers collected. 

2.2.7 Cross-contamination control 

To avoid cross-contamination between sampling at the individual sites, all sampling equipment 

will be washed in Decon 90 after each sampling site and rinsed with fresh seawater.  Field 

personnel handling the samples will wear a pair of non-latex, non-powder, nitrile gloves, changing 

these between sample collection at each site. 

2.2.8 Sample storage and transport  

The recommended sample volumes and sample container types for each analyte are outlined in 

Table 2.3, along with preservation techniques and storage conditions.  Glass pre-cleaned sample 

containers will be used to store sediments other than PSD and acid sulfate soils samples, which 

will be stored in double Ziploc bags.  The samples will be kept in an esky with ice until they can 

be transported to a refrigerator or freezer on completion of the day's sampling.  The samples will 

remain in storage until transported to the laboratories in eskies with ice blocks to ensure that the 

samples remain cool. 
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Table 2.3 Recommended volumes, preservation, storage and holding times for 

sediment samples and analytes 

Analyte 
Typical 

sample 

size 
Sample 

container 
Preservation 

technique 
Storage 

condition 
Storage 

holding time
1 Reference 

Metals 210 ml
2 

Pre-cleaned glass 

jar with Teflon-

lined lid 

Refrigerate (or 

freezer for 

extended storage) 
≤4°C 

6 months (Hg 

28 days unless 

frozen) 
CA (2009) 

Moisture
3
 50 ml 

Refrigerate (or 

freezer for 

extended storage) 

<6°C 14 days
3
 NEPC (2013) 

Total 

organic 

carbon/total 

carbonate 

50 ml 

Refrigerate (or 

freezer for 

extended storage) 

<6°C 
28 days unless 

frozen 
NEPC (2013) 

pH (after 

leaching) 
50 ml Refrigerate <6°C 7 days NEPC (2013) 

Cation 

exchange 

capacity 

50 ml Refrigerate <4°C 28 days NEPC (2013) 

Organics 

(organotins, 

TRH, PAH, 

BTEX) 

250 ml
2
 

Solvent-rinsed 

glass jar with 

Teflon-lined lid, 

filled with zero 

headspace 

Refrigeration 
≤4ºC, in 

the dark 

14 days if 

refrigerated 
CA (2009) 

Elutriate 

seawater 

1 L per 

sample 

White plastic 

drums 
Refrigerate 

4°C, in 

the dark 
14 days CA (2009) 

Particle size 

distribution 
200 ml 

Ziploc bag or 

equivalent 

resealable plastic 

bag 

Refrigerate <4°C Undetermined  CA (2009) 

Acid sulfate 

soils 
200 ml Double Ziploc bag  Freeze <0°C Undetermined  CA (2009) 

Notes: 

1. Represents holding time prior to sample extraction by the laboratory, extract holding times also apply 

2. Includes sample for whole sediment, elutriate and bioavailable analysis 

3. No holding time applies for moisture content if the results are used for dry weight reporting and performed on the 

same day as the chemical analytes of interest  

4. Sediments for elutriate analysis cannot be frozen and have a holding time of 14 days 

5. TRH = total recoverable hydrocarbons, PAH = polycyclic aromatic hydrocarbons, BTEX = benzene, toluene, 

ethylbenzene, xylene 

2.2.9 Chain of custody forms 

A detailed CoC form will be prepared and will accompany the samples to the designated 

laboratories.  The CoC forms allow tracking of individual samples and will ensure the correct 

analysis and storage, and that the recommended holding times are being adhered to.  The CoC 

forms must be signed by the laboratories on receipt of the samples and returned to 

BMT Oceanica and will include the following: 

 

 place of sampling 

 sample site ID and BMT Oceanica project number 

 sampling date 

 requested analysis 

 sample storage request 

 appropriate PPE requirements for sample handling 

 sample transport details, including date of dispatch. 
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3. Sediment Analysis Plan 

3.1 Laboratory analysis and QA/QC 

The sediment samples from each of the proposed sampling areas (Boat Harbour basin, entrance 

channel, western disposal site, Johns Creek disposal site, and reference sites; Figure 2.1) will be 

tested for a range of different analytes including metals, nutrients, organotins, hydrocarbons, and 

acid sulfate soils (Table 3.1).  Bioavailable and elutriate testing will only be completed on 

dredging area (Boat Harbour basin and entrance channel) sediment samples with contaminant 

concentrations exceeding the relevant guidelines (Section 3.3).  Specific sediment samples will 

also be analysed for total organic carbon (TOC), pH, and cation exchange capacity to assist with 

assessment against the NAGD (CA 2009) and DER (2014) guidelines (Table 3.1).  Particle size 

distribution (PSD) will be analysed to determine potential issues regarding turbidity during 

dredging and the behaviour of the material after disposal and to inform the assessment of the 

suitability of the disposal areas. 

 

The western disposal site is classified as 'probably clean' and therefore sampling sites in this 

area can be used as reference sites for: 

 

 the derivation of site-specific ecological investigation levels (EILs) in accordance with the 

Contaminated Site Guidelines (DER 2014) for use in the assessment of the dredged material 

 the assessment of the suitability of this site for disposal of dredged marine sediment 

 background information to assist with the impact assessment in the DEIA. 

 

The Johns Creek disposal site is potentially contaminated from adjacent industrial activities, and 

therefore its contamination status needs to be determined as part of its assessment as a suitable 

disposal site.  Sediments from this site will be tested for the same analytes as the dredging site 

samples with the exception of elutriate and bioavailable testing.  Should the contaminant 

concentrations exceed the relevant guidelines, leachate or other appropriate tests may be 

completed in consultation with the DER. 

 

To assist with the assessment of the suitability of the Johns Creek disposal site, onshore 

reference sites (to the north of the Boat Harbour) where there is a low risk of contamination, shall 

also be sampled to assist with: 

 

 the derivation of site-specific EILs for the assessment of the disposal area soil and the 

dredged material; and  

 background information for the DEIA.  
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Table 3.1 Johns Creek Boat Harbour sediment sampling areas and analytes 

Analyte 

Sampling area 
Dredging area 

(basin and 

entrance 

channel)
1  

 Western 

disposal 

site
1,2  

Johns Creek 

disposal site
1  

Onshore 

reference 

sites
1,2  

Total organic carbons/carbonate X  X  

Metals (As, Cd, 

Cr III and VI, Cu, 

Pb, Hg, Ni, Zn) 

Total X X X X 

Elutriate X    

Bioavailable X    

Organotins (MBT, 

DBT, TBT) 

Total X  X  

Elutriate X    

Nutrients 

Total (TN, TP) X X X X 

Elutriate (NH4, NOx, 

Ortho-P) 
X    

Hydrocarbons 

TRH X  X  

BTEX X  X  

PAH  X  X  

Carcinogenic PAH
4
 X  X  

pH
4
 X  X  

Cation exchange capacity
4
 X  X  

Acid sulfate soils (chromium suite) X X X  

Particle size distribution X X X  

Notes: 

1. Refer to Section 2.1.1 and Figure 2.1 for explanation of sampling areas 

2. The western disposal site and onshore reference sites are classified as 'probably clean' and can be treated as 

reference sites; therefore the suite of metals analysed in these samples will only comprise chromium III, copper, 

nickel and zinc to allow derivation of site-specific ecological investigation levels (DER 2014, BMT Oceanica 2016) 

3. Bioavailable and elutriate testing will be done for metals, nutrients and organotins should total concentrations 

exceed relevant guidelines 

4. Required under DER (2014) guidelines 

5. MBT = monobutyltin, DBT = dibutyltin, TBT = tributyltin, TN = total nitrogen, TP = total phosphorus, NH4 = 

ammonium, NOx = nitrogen oxide, TRH = total recoverable hydrocarbons, BTEX = benzene, toluene, 

ethylbenzene, xylene, PAH = Polycyclic aromatic hydrocarbons 

 

The National Measurement Institute will be the primary laboratory for chemical analysis of 

sediment samples and MPL Laboratories will be the reference laboratory for chemical analysis.  

Microanalysis Australia will complete PSD analysis; no reference laboratory is required for PSD 

analysis. 

 

Samples will be consigned using CoC forms to the laboratories for analysis.  As part of their 

procedures, both the primary laboratory and the reference laboratory will test blanks, spikes and 

standards and complete laboratory duplicates as required by the NAGD (CA 2009) and to the 

satisfaction of the National Association of Testing Authorities requirements.  

 

A detailed description of the laboratory methods used for analyses of sediment samples, and the 

laboratory QA/QC procedures, are provided in Appendix C. 
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3.2 Data analysis 

The PSD data from samples in the proposed dredging areas will be used to calculate particle 

settling times, to give an indication of the likely duration of any turbidity caused by the dredging 

and disposal activities.  Information on the method used to calculate particle settling times is 

provided in Appendix D.  The PSD data from the disposal areas and reference sites samples 

allows for the derivation of site-specific EILs in accordance with DER (2014), in addition to 

informing the assessment of the suitability of the disposal areas.  

 

For all samples, the concentrations of organic analytes (organotins, total recoverable 

hydrocarbons, polycyclic aromatic hydrocarbons, and benzene, toluene, ethylbenzene and 

xylene) will be normalised to 1% TOC to allow for comparison of different sediment samples, and 

to provide a measure of their bioavailability (CA 2009).   

 

For the samples in the proposed dredging area, the 95% upper confidence limit of the mean 

(95% UCL) will be calculated for the concentrations of each analyte, and compared with NAGD 

Screening Levels (CA 2009).  Analyte concentrations of samples from these areas and also the 

onshore disposal samples will be used to determine the maximum value and calculate the 

95% UCL of the arithmetic mean for comparison against the EILs, ecological screening levels 

and health investigation levels (NEPC 2013, DER 2014).   

 

Further detail on the data analysis methods to be used and the guideline values for each analyte 

is provided in Appendix D. 

3.3 Further sample analysis 

If the analyte concentrations in the material to be dredged are below the relevant guidelines, no 

further testing will be done and the material will be considered suitable for dredging and disposal.  

If any of the analyte concentrations exceed the guidelines, further analysis will be completed.  

Only the analyte(s) that exceeded guidelines will be analysed.  The sample that exceeds relevant 

guideline values will be re-analysed if adequate sample remains, and deeper core intervals will 

also be analysed if the holding times have not been exceeded.  The 95% UCL of the analyte 

concentration (or other statistic test) will then be recalculated with the additional data. 

 

If the metal or organotin concentrations in the material to be dredged still exceed the guideline 

values, then elutriate and bioavailability analysis of the exceeding analyte will be completed on 

the samples to: 1) simulate the potential release of contaminants from the sediment during 

dredging and disposal; and 2) determine the bioavailability of the contaminant (CA 2009).  If the 

elutriate and/or bioavailable concentrations still exceed the guidelines, then toxicity testing (as 

described in Section 4.2.3 of the NAGD; CA 2009) will be considered for the metals.  This will be 

done in consultation with the determining authority (DER and the Office of the Environmental 

Protection Authority). 

3.4 Data QA/QC 

The analyte concentrations in the QA/QC samples (triplicates and split samples) will be analysed 

using the methods specified by the NAGD (CA 2009).  Please refer to Appendix D for details. 

3.5 Data management 

BMT Oceanica has quality management systems in place that are ISO 9001 certified.  These 

systems ensure data are transferred and analysed correctly, stored and backed up safely, and 

reported accurately.  See Appendix E for more details on the standard data management 

systems in place 
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Dredging Design Drawing
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Relevant Legislation and Guidelines



Legislation and Guidelines 

Department of Transport Maintenance Dredging – Environmental Management 
Framework 

The Department of Transport (DoT) has a Maintenance Dredging Environmental Management 

Framework (EMF; BMT Oceanica 2016) that provides guidance for the environmental 

management of their statewide maintenance dredging operations.  The EMF includes guidelines 

on sediment sampling and analysis with reference to relevant environmental guidelines.  The 

intention of the EMF is to ensure that DoT's maintenance dredging activities fulfil the following 

objectives: 

 

 protection of the environment 

 clear, relevant and practical identification of environmental issues 

 efficient management and completion of environmental assessments as required. 

 

The EMF is updated annually, ensuring that best practice environmental management is applied 

to maintenance dredging.  This Sediment Sampling and Analysis Plan (SAP) has been designed 

and implemented in accordance with the latest revision of the EMF (BMT Oceanica 2016) to 

ensure that the above objectives are achieved. 

Environmental Protection Act 1986 

The Environmental Protection Act 1986 (EP Act) is the key legislation governing the requirement 

for environmental protection and management in Western Australia (WA) including the 

assessment of the impacts of any proposed new works.  The EP Act (mainly Part IV), together 

with its subsidiary Environmental Impact Assessment Administrative Procedures 2012 (EPA 

2012), specifies the objectives and requisite procedures for environmental impact assessment 

(EIA) of proposed works that must be complied with by all stakeholders including the proponent, 

the Environmental Protection Authority (EPA) and any other relevant party.   

 

The approach taken by the EPA during the EIA process has been documented by the EPA in a 

number of Environmental Assessment Guidelines (EAGs; formerly known as Guidance 

Statements).  The EAGs of particular relevance to the DoT's maintenance dredging program 

include: 

 

 Protection of Benthic Primary Producer Habitat in WA's Marine Environment (EAG3; 

EPA 2009) 

 Marine Dredging Proposals (EAG7; EPA 2011) 

 Environmental Factors and Objectives (EAG8; EPA 2013a) 

 Application of a Significance Framework in the EIA Process (EAG9; EPA 2013b) 

 Protecting the Quality of Western Australia's Marine Environment (EAG15; EPA 2015a) 

 Preparation of Management Plans under Part IV of the Environmental Protection Act 1986 

(EAG17; EPA 2015b).   

 

Under Section 38(1) of the EP Act (Part IV), where a proposed project development is likely to 

have a significant effect on the environment, the proponent must refer the proposal to the EPA for 

a decision on whether it requires formal environmental impact assessment, and if so, at what 

level of assessment.  The DoT will refer maintenance dredging projects to the EPA if they are 

anticipated to have a significant effect on the environment and no environmental approvals have 

previously been obtained.  It may also be appropriate to refer a project if there is a high level of 

community/stakeholder concern.  When referring a project it is necessary to submit a referral pro-



forma (obtained from www.epa.wa.gov.au).  The referral form outlines the project details and 

likely environmental impacts, management and consultation commitments.  Typically the referral 

form is appended and references a detailed Dredging Environmental Impact Assessment (DEIA). 

 

Laws under Part V of the EP Act regulate the clearing of terrestrial native vegetation in Western 

Australia.  These laws apply to the clearing of native vegetation associated with maintenance 

dredging and disposal campaigns, even if they are occurring within harbour lease boundaries.  

Under the EP Act, a vegetation clearing permit must be granted by the Western Australian 

Department of Environment Regulation before any clearing of native vegetation can take place.  

However, if the proposed works have been assessed under Part IV of the EP Act, a vegetation 

clearing permit is not required. 

National Assessment Guidelines for Dredging 

The National Assessment Guidelines for Dredging (NAGD; CA 2009) provide a framework for the 

review and assessment of ocean disposal of dredged material in support of the EP (Sea 

Dumping) Act and the EPBC Act.  Although ocean disposal is not proposed at Johns Creek, the 

guidelines provide a useful reference for the assessment and management of dredging 

operations and have been used to inform this SAP.  The guidelines include information on: 

 

 evaluating alternatives to ocean disposal 

 assessing sediment quality 

 assessing dredging and disposal sites 

 assessing potential impacts on the marine environment and other users 

 determining management and monitoring requirements. 

Contaminated Sites Act 2003 (WA) and Contaminated Sites Guidelines 

The disposal of dredged material to land has the potential to create a contaminated site.  The 

identification, management and remediation of contaminated sites are covered by the WA 

Contaminated Sites Act 2003 (CS Act).  The Contaminated Sites Guidelines (DER 2014) 

provides guidance on the assessment and management of contaminated sites under the CS Act.  

While land disposal of dredged material is not dealt with specifically in the guidelines, it still falls 

under the Act in that land is created, and potential human and environmental impacts must be 

subject to a risk assessment.   

 

Assessment involves a preliminary disposal site investigation and the comparison of dredged 

sediment contamination levels against the National Environment Protection (Assessment of Site 

Contamination) Measure guidelines (as referenced in the Contaminated Sites Guidelines 

(DER 2014)) to assess the ecological and human health risks associated with the material once 

disposed to land (NEPC 2013).   

Acid Sulfate Soils Guidelines 

If dredging is occurring in an estuarine environment then there may be environmental risks 

associated with acid sulfate soils (ASS).  The disturbance of ASS can increase pH levels and 

acidity, and cause mobilisation of metals into the water column.  The Acid Sulfate Soils 

Guidelines Series (DER 2015) contains guidance on how to identify ASS risk areas and the 

subsequent assessment methods, including sampling and reporting for material intended for land 

reclamation purposes.  These guidelines outline a risk assessment approach for ASS under the 

Contaminated Sites Act 2003.  The potential sulfuric acidity of the sediment is compared against 

the Texture-based Action Criteria (DER 2015). 



Australian and New Zealand Guidelines for Fresh and Marine Water Quality 

Dredging causes the release of sediment pore water into the water column and return water from 

disposal sites is often discharged back into the marine environment.  The impact of these 

discharges may be reviewed by comparing the water quality parameters (of elutriate sample 

concentrations of the proposed material prior to dredging and/or of the return water 

concentrations during dredging) with the ANZECC & ARMCANZ (2000) trigger values for physical 

and chemical stressors and toxicants.   

 

The ANZECC & ARMCANZ (2000) Guidelines for Fresh and Marine Water Quality include values 

for a range of analytes to assess adverse effects on the marine environment.  Default low-risk 

water quality guideline trigger values are presented for tropical (north of Carnarvon) and south-

west Australia (south of Carnarvon).  These trigger values are applicable to coastal lagoons 

(excluding estuaries) and embayments and waters less than 20 m depth. 

 

The trigger values are for ‘chemical contaminants that have the potential to exert toxic effects at 

concentrations that might be encountered in the environment’ (ANZECC & ARMCANZ 2000).  

Trigger values for toxicants are defined for different levels of protection that signify the 

percentage of species expected to be protected within the ecosystem.  The 99% or 95% 

protection level is most commonly applied in ‘slightly-moderately’ disturbed ecosystems, which 

would generally classify most of the DoT's maintenance dredging sites.  However, some facilities 

would be considered highly disturbed ecosystems.  Therefore the application of the guidelines 

should be assessed on a case-by-case basis.   

Aboriginal Heritage Act 1972 

Dredging activities has the potential to disturb sites of Aboriginal Heritage significance.  The WA 

Department for Aboriginal Affairs maintain a register of over 22 000 Aboriginal Heritage sites 

(which can include artefacts, engravings, paintings, mythological or ceremonial places) in WA 

which have been defined under the Aboriginal Heritage Act 1972 (AH Act).  If evidence of 

Aboriginal Heritage is located during the assessment or implementation of a project development, 

it must be reported to the Registrar of Aboriginal Sites under the AH Act.  Furthermore, where a 

project might impact upon an Aboriginal site, an Aboriginal Heritage survey should be 

commissioned, addressing anthropological and archaeological matters in the proximal area.  If 

disturbance to an Aboriginal Heritage site is unavoidable, an application for consent to the 

disturbance must be submitted via a Notice under Section 18 of the AH Act.   
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Laboratory Analysis Methods and QA/QC



Laboratory Analysis Methods 

Particle size distributions 

Sediment will be analysed for particle size distribution by wet sieving samples to remove and 
categorise particles >500 µm and then by sedigraph to categorise particle sizes between 0.02 
and 500 µm.   

Total organic carbon 

Total organic carbon (TOC) will be determined from a sample pre-treated with acid to remove 
inorganic carbon (carbonates and bicarbonates).  The residue will be filtered, washed and 
collected on a glass fibre filter.  The filter with residue will be placed into a crucible and oven dried 
at 40°C.  The organic carbon in the dried sample will be determined using a total carbon 
analyser.  The dissolved organic carbon (DOC) in the acid solution will be determined using 
inductively coupled plasma atomic emission spectroscopy (ICP-AES) after purging to remove any 
dissolved inorganic carbon (carbon dioxide).  The final TOC result will be the sum of the organic 
carbon in the solid residue and the DOC in the solution (NMI reference method APHA 5310B). 

Metals (total, bioavailable and elutriate) 

Sediment samples will be digested with HNO3/HCl solution at 100°C for 2 hours (NMI reference 
method NT 2.49 6010C/6020A ICP and NTSMCR3 for Cr III and Cr IV).  After appropriate 
dilution, the acid extractable metal concentrations will then be determined with either inductively 
coupled plasma mass spectrometry and/or ICP-AES.  Whole sediment analysis will be conducted 
for total extractable metals, which will be pre-treated by an aqua regia digestion (AS4479.1-1997 
and AS4479.2-1997) to extract total metals from the sediment.  Analysis of metals from the 
extract solution will be completed using ICP-AES; Varian (Vista AX) ICP-AES CCD Simultaneous 
Standards Australia. 
 
Bioavailable metals will be analysed using NMI reference method USEPA200.8 ICPMS and 
AS2882-1986 for.  It involves extraction using 1 M HCl solution. 
 
Elutriate testing will be completed by shaking a representative sediment sample with four times 
the volume of seawater (ratio of 1:4) collected from a suitable location at the project sampling 
site.  Samples will be placed on an end-over-end shaker at room temperature for 30 min and then 
allowed to settle for 1 hour.  The supernatant will be decanted, centrifuged and then filtered.  
Ultra trace metal analysis will be performed with an Agilent 770 x inductively coupled plasma 
mass spectrometer to achieve the lowest reporting levels possible.  The elutriate water will also 
be tested as a blank by the same methods and subtracted from the elutriate test results.   

Chromium suite (acid sulfate soils) 

Sediments will be analysed using the chromium reducible sulfur suite method.  This method 
allows an estimate of the actual and potential acidity of a sediment sample, the acid neutralising 
capacity (ANC) and the total net acidity via a number of steps.  The reduced inorganic sulfur 
content (SCr) provides an estimate of the potential sulfuric acidity of the sediment.  The soil pH, in 
potassium chloride suspension (pHKCl), estimates the actual acidity of the sediment.  Titratable 
actual acidity (TAAKCl) and/or net acid soluble sulfur (SNAS) will be analysed if pHKCl is <6.5.  The 
ANC will provide an estimate of the ability of the sediment to naturally neutralise any acid 
produced (for example, due to the presence of carbonate material). 
 



 

Total net acidity will be calculated via acid-base accounting (ABA), using the following equation 
(Ahern et al. 2004): 
 

                                                          
   

  
 

 
where: 
 

 potential sulfidic acidity is represented by SCr (converted from %S to mol H+/tonne by 

multiplying by 623.7). 

 if there is no existing acidity i.e. the sample has a pHKCl greater than 6.5, the TAAKCl is 

assumed to be zero and the existing acidity term is neglected.  If the pHKCl is less than 6.5, 

the TAAKCl is measured and used for the existing acidity term in mol H+/tonne.  

 ANC is represented by ANCBT (converted from %CaCO3 to mol H+/tonne by multiplying by 

199.8). 

 FF is the fineness factor. 

 
As the samples are finely ground in the laboratory, the net acid risk likely to be experienced in the 
field could be underestimated by the laboratory results.  To allow for this, the measurement of 
ANC is divided by a FF during ABA.  The minimum FF that should be applied to any ANC is 1.5; 
however larger factors (e.g. 2, 2.5 or 3) may be applicable for shell or other forms of neutralising 
inclusions in the soil (Ahern et al. 2004). 

Nutrients (total and elutriate) 

For total Kjeldahl nitrogen (TKN), the sediment sample will be digested with sulfuric acid and a 
copper-based catalyst to convert any amino or free ammonia nitrogen present into the 
ammonium form.  The resulting digest solution will then be made alkaline with NaOH/thiosulfate 
solution to convert the ammonium back to ammonia, which will then be steam distilled into a 
sulfuric acid solution.  The collected ammonia will then be determined colorimetrically and used to 
calculate the TKN concentration (NMI method No. APHA 4500).  Nitrite (NO2-N) and nitrate (NO3-
N) will be determined by ion chromatography (NMI method No. WL 119 v 11.0).  Total nitrogen 
will be determined by summing the concentrations of TKN, NO2-N and NO3-N. Total phosphorus 
will be analysed by NMI laboratory analysis method USEPA 6010C/6020A ICP. 
 
Elutriate testing will be carried out by shaking a representative sediment sample with four times 
the volume of seawater (ratio of 1:4) collected from a suitable location at the project sampling 
site.  Samples will be placed on an end-over-end shaker at room temperature for 30 min and then 
allowed to settle for 1 hour.  The supernatant will be centrifuged at 3000 rpm for 3 min and then 
filtered through 0.45 µm disposable syringe filters.  The filtered supernatant will be measured for 
dissolved nutrients using the following methods: filterable reactive phosphorus analysed by the 
ascorbic acid method; nitrate and nitrite by copper-cadmium reduction; and ammonium by the 
alkaline phenate method.  All nutrient analyses will be carried out using a Lachat Quick-Chem 
8500 Automated Flow Injection Analyser.  The elutriate water will also be tested as a blank by the 
same methods and subtracted from the elutriate test results.   

Organotins 

Tributyltin (TBT) analysis will involve the alkyltins being extracted with acidified ethanol (NMI 
reference method NOSNTBTALL).  The acidified ethanol will be then be derivatised by sodium 
tetraethylborate.  The ethylated derivatives will then be extracted into hexane prior to analysis by 
gas chromatography inductively coupled plasma mass spectrometry (GC-ICPMS) where 
characteristic isotopes of tin will be used for quantitation and identification.  Quantitation will be 
against target standards.  Tetrabutyltin is the internal standard and will be used to correct for the 
final volume.   
 
For elutriate testing, organotins will be extracted using Solid Phase Extraction with XAD-type 
resin absorbent (styrene-divinylbenzene copolymer) and eluted using acidified ethanol.  Buffer 
will be added and the sample derivatised using sodium tetraethylborate.  Analysis will be by GC-
ICPMS where characteristic isotopes of tin will be used for quantitation and identification.  



Quantitation will be against target standards.  Tetrabutyltin is the internal standard and will be 
used to correct for the final extract volume. 

Total recoverable hydrocarbons and benzene, toluene, ethylbenzene and xylene 

Sediment extraction will be completed using a 50% dichloromethane/acetone solution under 
sonication.  The extract will be analysed by gas chromatography, with detection by flame 
ionisation (NMI reference method No. WL 230 v 8.0). 

Polycyclic aromatic hydrocarbons 

Sediment will be extracted with dichloromethane/acetone solution and injected into a gas 
chromatograph with detection by a mass selective detector (USEPA method 8270; NMI reference 
method WL 206 v 6.0).   

Cation exchange capacity 

The cation exchange capacity will be analysed using NMI reference method NT 2.60. 
 



 

Laboratory Quality Assurance/Quality Control 

As part of their procedures, all laboratories will complete the required testing of blanks, standards 
and spikes, and will complete laboratory duplicates to the satisfaction of the National Association 
of Testing Authorities' requirements and as required by the National Assessment Guidelines for 
Dredging (CA 2009).   
 
Laboratory blanks are samples (usually reagent water or clean matrix similar to that of the test 
sample) that are processed and analysed in the same way as the submitted sediment samples.  
The blanks are used to detect any contamination arising in the laboratory as a result of sample 
preparation, extraction or analysis (CA 2009).  Blanks should ideally be at or near the detection 
limit of the method used (CA 2009). 
 
Standard samples are sediments of known and certified composition that are included in each 
analysis batch to assess analysis accuracy (CA 2009).  The values found by the laboratory 
should be within the certified value for the individual standard (typically 80–120% of the certified 
value; CA 2009).   
 
Matrix spikes are used to prove that an analyte can be added to and then detected in sediment 
samples (CA 2009).  Recovery rates should be within the limits specified for the analysis method 
(typically 75–125%; CA 2009).  When the recovery of a spike is below that expected for the 
performance of the analytical method, this could indicate matrix interference or heterogeneity of 
the sediment sample (CA 2009). 
 

Reference 

Ahern CR, McElnea AE, Sullivan LA (2004) Acid Sulfate Soils Laboratory Methods Guidelines. 

Queensland Department of Natural Resources Mines and Energy, Indooroopilly, 

Queensland, June 2004 

CA (2009) National Assessment Guidelines for Dredging. Commonwealth of Australia, Canberra, 

Australian Capital Territory 



 

 

Appendix D 

  

Data Analysis Methods



Data Analysis 

Particle settling times 

Settling velocities will be used to estimate the time taken for sediment to settle through 1 m of 

water.  Settling times will not be calculated for sediment samples that are >45% silt and clay as 

Stokes’ Law is not applicable for material with a high proportion of fine sediment. 

Normalisation 

As total organic carbon (TOC) is the main binding constituent for organic substances in marine 

sediments, the National Assessment Guidelines for Dredging (NAGD; CA 2009) requires 

organics (tributyltin, total recoverable hydrocarbons and polycyclic aromatic hydrocarbons) to be 

normalised to 1% TOC for comparison with the NAGD Screening Levels.  The normalised results 

allow for comparison of different sediment samples and provide a measure of the bioavailability of 

the organic analytes.  When TOC is significantly greater than 1%, the additional binding capacity 

will result in organics being less biologically available and therefore normalisation will reduce the 

measured value proportionally (the reverse also applies).  Normalisation is only appropriate over 

a TOC range of 0.2–10%.  For TOC <0.2% or TOC >10%, the maximum and minimum values of 

0.2 and 10% TOC will be used for normalisation, respectively.  In accordance with the NAGD, if 

the organic data are below the laboratory limit of reporting (LoR), half the LoR value will be used 

for normalisation purposes.   

Calculation of 95% upper confidence limit (UCL) 

Concentrations of contaminants in sediment samples will be compared to the NAGD Screening 

Levels (CA 2009).  Comparison of sediment contaminant concentrations to the NAGD Screening 

Levels requires calculation of the 95% upper confidence limit (UCL) of the mean (CA 2009).  The 

data will first be tested for normality using the software ProUCL 4.0 (USEPA 2007).  This 

software determines the most appropriate method for calculating the 95% UCL depending on the 

distribution of the data and the size of the dataset, including the proportion of values below the 

LoR (which introduces statistical complexities into the analysis).  These methods may include 

parametric (such as Student’s t-UCL) or nonparametric (such as bootstrap) methods.  A 

95% UCL will then be calculated if there are enough sediment samples.   

 

The 95% UCL of the mean will not be calculated when more than 25% of the contaminant 

concentration data are below the LoR.  This is because bias can be introduced if a large 

proportion of data are below the LoR, leading to underestimation of contamination at certain sites.  

Where there are not enough samples to complete the calculations, the individual samples will be 

compared against the relevant guidelines. 

Ecological investigation levels, ecological screening levels and health 
investigation levels 

Concentrations of metals and organics in sediment samples will be assessed against the 

ecological investigation levels (EILs), ecological screening levels (ESLs), and health investigation 

levels (HILs) from the NEPC (2013) guidelines that are referenced in the DER (2014) 

contaminated sites guidelines.  The EILs (for chromium III, copper, nickel, lead and zinc) require 

addition of ambient background analyte concentrations (determined from reference site data) to 

define contaminant limits for ecological investigation.   



 

The maximum and the 95% UCL of the arithmetic mean are to be used for comparison against 

the EILs, ESLs, and HILs (NEPC 2013).  Sediment contaminant concentration levels will be 

compared to the appropriate EIL, ESL, and HIL for the proposed disposal areas.  For the western 

disposal site, results will be compared to EILs and ESLs for areas of ecological significance.  For 

the Johns Creek disposal site sediments will be compared to EILs and ESLs for urban 

residential/public open space.  Both disposal sites will be compared to HIL“C” for public open 

space (NEPC 2013).  For assessment against the relevant EILs, ESLs and HILs, the following 

criteria are specified in NEPC (2013): 

 

 the standard deviation of the sample data must be less than 50% of the relevant value 

 no single value must exceed 250% of the relevant value. 

 

As HIL values are an order of magnitude higher than the NAGD guidelines, a staged approach 

will be used for assessment: the 95% UCL of the mean will be used as the first basis for 

assessment against HILs, with specific comparison using HIL metrics only invoked if an NAGD 

guideline is exceeded. 

ANZECC & ARMCANZ trigger values 

The mean concentrations of elutriate contaminants will be compared with the ANZECC & 

ARMCANZ (2000) trigger values for toxicants in marine waters, as stipulated by the NAGD 

(CA 2009).  In Western Australian marine waters, a high level of ecosystem protection applies, 

and the trigger value associated with a species protection level of 99% is typically used for all 

contaminants except cobalt (which is assigned a 95% species protection level).  However, areas 

that are frequently used by vessels are considered to be more disturbed environments, and are 

typically assigned a moderate level of ecosystem protection such as 95% or 90% depending on 

the level of disturbance.   

Acid sulfate soil texture-based Action Criteria 

The chromium reducible sulfur suite method measures the reduced inorganic sulfur content (%S) 

of the sediment.  This is then compared against the texture-based Action Criteria (DER 2015).  If 

the results of the subsequent acid base accounting (Appendix C) indicates the net acidity is 

negative, then there is a low likelihood of acid sulfate soil (ASS) generation.  If net acidity is 

positive, there is the potential for ASS generation. 

Analysis of analyte concentrations below the limit of reporting 

Analyte concentrations that are too low to be detected using laboratory methods will be recorded 

as below the LoR.  Generally, half the laboratory LoR value will be used as a substitute for data 

below the LoR, in accordance with the NAGD (CA 2009).  However, a large proportion of the data 

below the LoR has the capacity to bias subsequent analyses and USEPA (2007) does not 

consider a 95% UCL of the mean calculated based upon few detected values to be reliable.  

Therefore, where the data contain values below the LoR, the following protocol will be applied 

(based on ANZECC & ARMCANZ 2000): 

 

 Where >25% of values are below the LoR, descriptive statistics (means and percentiles) or 

inferential analysis (including the calculation of confidence limits) will not be calculated.  

Instead, individual results will be compared to the triggers and discussed accordingly. 

 Where ≤25% but >0% of values are below the LoR, confidence limits will be calculated via 

two methods; once using the normalised estimate based on half the LoR as the replacement 

value and once using zero as a replacement value.  This will then inform the interpretation of 

the results, in particular, whether the choice of replacement value affects the outcome of the 

analysis. 

 



Guidelines and Screening Thresholds 

Proposed analytes for sediments samples and relevant guidelines for assessment. 

Analyte Units LoR 

NAGD 

Screening 

Level 

Western disposal 

site  
Johns Creek 

disposal site 
Western disposal site Johns Creek disposal site Action 

criteria 
ANZECC &ARMCANZ

1
 EIL

2
 ESL

2
 HIL

2
 EIL

3
 ESL

3
 HIL

3
 

Particle size distribution n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

Total organic carbon % 0.02 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

pH pH units 0.1 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

Total and bioavailable metals 

Arsenic mg/kg 0.5 20 n/a n/a 20 n/a 300 50 n/a 300 n/a 

Cadmium mg/kg 0.1 1.5 n/a n/a n/a n/a 90 n/a n/a 90 n/a 

Chromium III mg/kg 0.5 
80 (total) 

n/a n/a 25-50 n/a n/a 75-160 n/a n/a n/a 

Chromium VI mg/kg 0.5 n/a n/a n/a n/a 300 n/a n/a 300 n/a 

Copper mg/kg 0.5 65 n/a n/a 15-60 n/a 17 000 30-120 n/a 17 000 n/a 

Lead mg/kg 0.5 50 n/a n/a 110 n/a 600 270 n/a 600 n/a 

Mercury mg/kg 0.1 0.15 n/a n/a n/a n/a 80 n/a n/a 80 n/a 

Nickel mg/kg 0.5 21 n/a n/a 1-25 n/a 1200 10-170 n/a 1200 n/a 

Zinc mg/kg 0.5 200 n/a n/a 7-130 n/a n/a 25-500 n/a n/a n/a 

Elutriate metals 

Arsenic µg/L 1 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

Cadmium µg/L 0.1 n/a 0.7
1
 0.7

1
 n/a n/a n/a n/a n/a n/a n/a 

Chromium III µg/L 6 n/a 7.7
1
 48.6

1
 n/a n/a n/a n/a n/a n/a n/a 

Chromium VI µg/L 1 n/a 0.14
1
 20

1
 n/a n/a n/a n/a n/a n/a n/a 

Copper µg/L 1 n/a 0.3
1
 3

1
 n/a n/a n/a n/a n/a n/a n/a 

Lead µg/L 1 n/a 2.2
1
 6.6

1
 n/a n/a n/a n/a n/a n/a n/a 

Mercury µg/L 0.1 n/a 0.1
1
 0.1

1
 n/a n/a n/a n/a n/a n/a n/a 

Nickel µg/L 1 n/a 7
1 

200
1
 n/a n/a n/a n/a n/a n/a n/a 

Zinc µg/L 1 n/a 7
1
 23

1
 n/a n/a n/a n/a n/a n/a n/a 

Nutrients 

Total nitrogen  mg/kg 1 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

Total phosphorus mg/kg 1 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

Elutriate nutrients 

Ammonia µg/L 0.005 n/a 500 1200 n/a n/a n/a n/a n/a n/a n/a 

Nitrate/Nitrite µg/L 0.01 n/a 30 30 n/a n/a n/a n/a n/a n/a n/a 



 

Analyte Units LoR 

NAGD 

Screening 

Level 

Western disposal 

site  
Johns Creek 

disposal site 
Western disposal site Johns Creek disposal site Action 

criteria 
ANZECC &ARMCANZ

1
 EIL

2
 ESL

2
 HIL

2
 EIL

3
 ESL

3
 HIL

3
 

Ortho-phosphate µg/L 0.005 n/a 5 5 n/a n/a n/a n/a n/a n/a n/a 

Total and elutriate organotins 

Total tributyltin μgSn/kg 0.5 9 n/a n/a n/a n/a n/a n/a n/a n/a n/a 

Elutriate tributyltin μg/L 0.002 n/a 0.0004
1
 0.002

1
 n/a n/a n/a n/a n/a n/a n/a 

Polycyclic aromatic hydrocarbons (PAHs) 

Benzo[a]pyrene mg/kg 0.1 n/a n/a n/a n/a 0.7 n/a n/a 0.7 n/a n/a 

Naphthalene mg/kg 0.1 n/a n/a n/a 10 n/a n/a 170 n/a n/a n/a 

Total PAHs (18 PAHs) mg/kg 0.1 (individual PAHs) 10 n/a n/a n/a n/a n/a n/a n/a n/a n/a 

Total PAHs (16 PAHs) mg/kg 0.1 (individual PAHs) n/a n/a n/a n/a n/a 300 n/a n/a 300 n/a 

Carcinogenic PAHs mg/kg 0.1 (individual PAHs) n/a n/a n/a n/a n/a 3 n/a n/a 3 n/a 

Total recoverable hydrocarbons (TRHs) 

C6–C10 mg/kg 25 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

C6–C10 less BTEX, 

coarse/fine 
mg/kg 25 n/a n/a n/a n/a 125 n/a n/a 180 n/a n/a 

>C10–C16 mg/kg 50 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

>C10–C16 less naphthalene mg/kg 50 n/a n/a n/a n/a 25 n/a n/a 120 n/a n/a 

>C16–C34 

coarse 
mg/kg 100 n/a n/a n/a n/a n/a n/a n/a 300 n/a n/a 

>C16–C34 

fine 
mg/kg 100 n/a n/a n/a n/a n/a n/a n/a 1300 n/a n/a 

>C34–C40 

coarse 
mg/kg 100 n/a n/a n/a n/a n/a n/a n/a 2800 n/a n/a 

>C34–C40 

fine 
mg/kg 100 n/a n/a n/a n/a n/a n/a n/a 5600 n/a n/a 

Total TRH 

(C6-C40) 
mg/kg 275 550 n/a n/a n/a n/a n/a n/a n/a n/a n/a 

Monocyclic aromatic hydrocarbons 

Benzene (coarse) mg/kg 0.5 n/a n/a n/a n/a 10 n/a n/a 50 n/a n/a 

Benzene (fine) mg/kg 0.5 n/a n/a n/a n/a 10 n/a n/a 65 n/a n/a 

Toluene (coarse) mg/kg 0.5 n/a n/a n/a n/a 10 n/a n/a 85 n/a n/a 

Toluene (fine_ mg/kg 0.5 n/a n/a n/a n/a 65 n/a n/a 105 n/a n/a 

Ethylbenzene (coarse) mg/kg 0.5 n/a n/a n/a n/a 1.5 n/a n/a 7 n/a n/a 

Ethylbenzene (fine) mg/kg 0.5 n/a n/a n/a n/a 40 n/a n/a 125 n/a n/a 

Xylene (coarse) mg/kg 1.0 n/a n/a n/a n/a 10 n/a n/a 105 n/a n/a 



Analyte Units LoR 

NAGD 

Screening 

Level 

Western disposal 

site  
Johns Creek 

disposal site 
Western disposal site Johns Creek disposal site Action 

criteria 
ANZECC &ARMCANZ

1
 EIL

2
 ESL

2
 HIL

2
 EIL

3
 ESL

3
 HIL

3
 

Xylene (fine) mg/kg 1.0 n/a n/a n/a n/a 1.6 n/a n/a 45 n/a n/a 

Acid sulfate soils 

SCr – chromium reducible 

sulfur 
% 0.01 n/a n/a n/a n/a n/a n/a n/a n/a n/a 0.03 

Notes: 

1. ANZECC & ARMCANZ (2000) 99% and 90% species protection guidelines are applied to the western disposal site and Johns Creek disposal site, respectively, except for 

bioaccumulating metals (Cd, Hg) for which 99% species protection is applied 

2. Ecological investigation levels and ecological screening levels for western disposal site for "areas of ecological significance”.  Ecological investigation levels and ecological screening 

levels for “urban residential/public open space” (NEPC 2013, DER 2014).  Health investigation level "C" for public open space (NEPC 2013, DER 2014) 

3. LoR = laboratory limit of reporting, NAGD = National Assessment Guidelines for Dredging, EIL = ecological investigation level, ESL = ecological screening level, HIL = health 
investigation level, PAH = polycyclic aromatic hydrocarbons, BTEX = benzene, toluene, ethylbenzene, xylene, TRH = total recoverable hydrocarbons. 



 

Data Quality Assurance/Quality Control (QA/QC) 

The precision of the sediment analyses will be determined by quantifying the differences between 

the concentrations of analytes in the QA/QC samples, using the methods outlined in the NAGD 

(CA 2009).  The relative percent difference (RPD) will be calculated for the analyte 

concentrations in the split samples (both inter-laboratory and intra-laboratory splits) and the 

relative standard deviation (RSD) will be calculated for analyte concentrations in the triplicate 

samples. 
 

The RPD will be calculated as follows:  
 

         
                                        

                          
 

 

The acceptable RPD range of split samples depends upon the concentration levels detected 

relative to the laboratory LoR as follows (Australian Department of the Environment, pers. comm. 

12 August 2014): 
 

 0–100% RPD when the average concentration is <5 times the LoR 

 0–75% RPD when the average concentration is 5 to 10 times the LoR 

 0–50% RPD when the average concentration is >10 times the LoR. 
 

If the RPD for a measured analyte falls outside of these limits, the value of the measured analyte 

will be flagged as an estimate rather than a precise value (CA 2009).   
 

The RSD will be calculated as follows: 
 

         
                                               

                               
 

 

The triplicate samples should agree within an RSD of ±50%.  RSDs greater than 50% may 

indicate that the sediments are heterogeneous or greatly differ in grain size (CA 2009).  RPD and 

RSD will only be calculated if all QA/QC sample concentrations are above the LoR.  If one or 

more of the analyte concentrations are below the LoR, the individual concentrations will be 

compared to assess the magnitude of the differences between them. 
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Appendix E 

  

Data Management Systems 



Data Management 

Procedures 

All data will be validated prior to reporting.  Data will be checked for completeness and compared 

against the submitted chain of custody forms delivered to the laboratories.  Data will be analysed 

for outliers and these will be processed as per the National Assessment Guidelines for Dredging 

(CA 2009).  All laboratory reports and laboratory quality assurance data (blanks, laboratory 

duplicates, and spikes) will be available on request.   

System 

The data management system includes: 

 

 procedures for recording results of analysis and field observations 

 procedures for systematic screening and validation of data 

 secure storage of information 

 a data retrieval system 

 data analysis protocols 

 flexibility to accommodate additional information, e.g. metadata. 

Data entry protocols 

Appropriate protocols for entering data will be implemented to reduce error in data entry: 

 

 Templates for standardising data sheet formats (sediment field log, method statement) will be 

provided to field staff prior to sampling to ensure all information required will be collected. 

 Data will be electronically transferred to the database where possible to prevent transcription 

errors. 

 The collector(s) of the data will ensure that only correct and validated data are provided to the 

database manager for uploading into the database. 

Responsibility for data management 

A dedicated Geographic Information Systems and Environmental Data Management (EDM) team 

will be responsible for producing maps and managing spatial data, to ensure adherence to data 

management protocols and accurate mapping.  The EDM team adhere to a quality 

assurance/quality control protocol, and any changes to the data and/or the database will be 

appropriately implemented and tracked. 

Archive and back-up data 

Archives of all original data files and associated metadata will be maintained for future reference.  

This will include archiving of: 

 

 raw data sheets from field and laboratory measurements and analyses 

 electronic copies of verified data files prior to uploading into the database. 

 

Regular backing up of the monitoring database will occur so that data are not lost in the case of 

system or file failures.   

 

Reference 

CA (2009) National Assessment Guidelines for Dredging. Commonwealth of Australia, Canberra, 

Australian Capital Territory 
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1. Sediment Sampling and Analysis 

1.1 Sediment sampling methods 

Sediments from the Johns Creek Boat Harbour (hereafter; the Boat Harbour), Entrance Channel 

and Western Disposal sites were sampled on 14–17 May 2016.  The sampling methods were 

based on guidance in the National Assessment Guidelines for Dredging (NAGD; CA 2009) and 

the Department of Environment Regulation (DER) Contaminated Sites Guidelines (DER 2014) 

and were in accordance with the Department of Transport (DoT) Environmental Management 

Framework (BMT Oceanica 2016a).  These methods are detailed in the site-specific Sediment 

Sampling and Analysis Plan (SAP; BMT Oceanica 2016b). 

 

Sediment cores were taken from 12 sites within the Boat Harbour and Entrance Channel area 

and three sites in the proposed Western Disposal area (Table 1.1, Figure 1.1).  Site selection for 

sites located in the Boat Harbour and Entrance Channel satisfied the minimum number of sample 

sites specified by the NAGD for dredging works with a proposed dredging volume of 43 000–

50 000 m3 (CA 2009).   

 

At three sites (JCH5, JCH6 and JCH12), core penetration reached a maximum of 1.5 m below 

the seabed.  At sites where sediment core penetration was >0.5 m, the cores were sub sampled 

at 0.5 m depth intervals (BMT Oceanica 2016b).  Surface samples were named with the site 

name plus a suffix of ‘_S’ to stand for ‘surface’ where applicable (e.g. ‘JCH1_S’ indicates 

sediment taken from site JCH1 from the surface 0.5 m).  Deeper samples were named with the 

site name plus their depth interval below the surface (e.g. the sample from 0.5–1.0 m below the 

surface at site JCH1 was named ‘JCH1_0.5–1.0’). 

Table 1.1 Sediment sampling site coordinates and core retrieval lengths from Johns 

Creek Boat Harbour and Entrance Channel proposed dredge areas and 

Western Disposal area 

Site Sampling area 
Sample site coordinates

1
 Target sampling 

depth (m) 

Actual sampling 

depth (m) 
Easting Northing 

JCH1 
Entrance Channel 

area 

520085 7718065 1.0 1.0 

JCH2 520137 7717789 1.0 1.0 

JCH3 519939 7717822 0.5 0.1 

JCH4 

Boat Harbour 

area 

519912 7717912 0.5 0.5 

JCH5 519930 7717956 2.0 1.5 

JCH6 519881 7717991 1.5 1.5 

JCH7 519955 7718055 1.0 0.8 

JCH8 520010 7718013 0.5 0.5 

JCH9 520007 7718077 2.0 1.0 

JCH10 520052 7718053 0.5 0.5 

JCH11 520085 7718065 1.0 1.0 

JCH12 520073 7718069 2.0 1.5 

WD1 
Western Disposal 

area 

519329 7717253 0.1 0.1 

WD2 519278 7717433 0.1 0.1 

WD3 519177 7717429 0.1 0.1 

Note: 

1. UTM50S, GDA94 
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Figure 1.1 Sediment sampling sites within the Johns Creek Boat Harbour and Entrance 

Channel dredging area and Western Disposal area 
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1.1.1 Sampling quality assurance and quality control 

As per the NAGD (CA 2009), two types of quality assurance and quality control (QA/QC) samples 

were collected: 

 

 Triplicate: at 10% of sampling sites, three separate samples taken at the same site to 

determine the variability of the physical and chemical sediment characteristics at the scale of 

sampling. 

 Split: at 5% of sampling sites, single samples were thoroughly mixed then split into three 

containers to assess intra- and inter-laboratory variation, with two of the three samples 

analysed at the primary laboratory (intra-laboratory splits) and the third sample analysed by a 

reference laboratory (inter-laboratory split). 

 

Triplicate samples were collected at sites JCH4 and JCH10 and split samples collected at site 

JCH3 (Table 1.1, Figure 1.1).  Sampling equipment was washed with Decon 90 between sites, 

and at the beginning of each sampling event.  Field staff wore nitrile gloves when handling 

sampling equipment.  All samples were stored and transported as per the SAP (BMT Oceanica 

2016b) and in accordance with the NAGD (CA 2009). 

1.2 Sediment analysis methods 

1.2.1 Sediment analytes and rationale 

Samples were analysed for the contaminants listed in the site-specific SAP based on surrounding 

land uses and Facility usage (BMT Oceanica 2016b).  For further information on the justification 

for testing for each analyte and laboratory methods, refer to the SAP (BMT Oceanica 2016b).  A 

summary of the sampling areas and contaminants analysed is provided in Table 1.2. 
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Table 1.2 Johns Creek sediment sampling areas and analytes 

Analyte 

Sampling area 

Boat Harbour and Entrance 

Channel dredge area
1 Western Disposal area

1,2
 

Total organic carbons/carbonate X  

Metals (As, Cd, Cr III, 

Cr VI, Cu, Hg, Ni, Pb, 

Zn) 

Total X X 

Elutriate X  

Bioavailable X  

Organotins (MBT, 

DBT, TBT) 

Total X  

Elutriate X  

Nutrients 

Total (TN, TP) X X 

Elutriate (NH3, 

NOX, FRP) 
X  

Hydrocarbons 

TRHs X  

BTEX X  

PAHs  X  

Carcinogenic 

PAHs 
X  

pH X  

Acid sulfate soils (chromium suite) X X 

Particle size distribution X X 

Notes: 

1. Refer to Section 1.1 and Figure 1.1 for explanation of sampling areas 

2. Bioavailable and elutriate testing were undertaken for metals, nutrients and organotins where total concentrations 

exceeded relevant guidelines 

3. As = arsenic, Cd = cadmium, Cr III and Cr VI = chromium three and six, Cu = copper, Hg = mercury, Ni = nickel, 

Pb = lead, Zn = zinc, MBT = monobutyltin, DBT = dibutyltin, TBT = tributyltin, TN = total nitrogen, TP = total 

phosphorus, NH3+NH4 = ammonium, NOX = nitrate+nitrite, FRP=filterable reactive phosphorus, TRH = total 

recoverable hydrocarbons, BTEX = benzene, toluene, ethylbenzene, xylene, PAH = polycyclic aromatic 

hydrocarbons 

1.2.2 Particle size analysis 

Particle size distribution (PSD) and the sediment settling velocity of sediments sampled from the 

Boat Harbour, Entrance channel and Western Disposal area were analysed to: 

 

 assess the potential intensity and persistence of turbidity resulting from dredging and disposal 

 determine the behaviour of the material for onshore disposal 

 determine the suitability of the onshore disposal areas. 

1.2.3 Contaminant analysis 

Concentrations of contaminants in the sediment samples were determined via chemical analyses, 

using standard methods in National Association of Testing Authorities accredited laboratories.  

The primary laboratory used for contaminant analyses was the National Measurement Institute 

and the reference laboratory was MPL Laboratories. 

1.2.4 Laboratory QA/QC 

The laboratories completed testing of blanks, spikes and standards and completed laboratory 

duplicates as required by the NAGD (CA 2009) as part of standard procedures.  These reports 

are available on request. 
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Laboratory blanks 

Laboratory blanks are reagent water or clean matrix similar to that of the test sample that are 

processed and analysed in the same way as the submitted samples.  The blanks are used to 

detect contamination arising in the laboratory as a result of sample preparation, extraction or 

analysis (CA 2009).  Analyte concentrations in the blanks should ideally be at or near the 

detection limit of the method used (CA 2009). 

Standard samples 

Standard samples are sediments of known and certified composition that are included in each 

analysis batch to assess analysis accuracy (CA 2009).  Concentrations measured in the 

laboratory should be close to the certified value for the individual standard, typically 80–120% of 

the certified value (CA 2009). 

Matrix spikes 

Matrix spikes are used to demonstrate that a known amount of each analyte can be detected and 

accurately quantified in sediment samples (CA 2009).  Recovery rates (typically 75–125%) 

should be within the limits specified for the analysis method.  Recovery of a spike below that 

expected for the performance of the analytical method it could indicate matrix interference or 

heterogeneity of the sediment sample (CA 2009). 

1.3 Data analysis methods 

1.3.1 Particle size distribution and settling times 

Microanalysis Australia Pty Ltd completed the particle size measurement, using sedigraph for 

particles 0.3–106 µm and wet screening for particles 106–10 000 µm. 

 

The sedigraph measurements involve samples being agitated and then allowed to settle out of a 

"measurement zone", where the amount of sample remaining in solution is measured by an x-ray 

beam, using soft x-rays to gauge the percentage of material remaining in suspension after 

incrementing time periods.  The largest particles settle at the highest velocity, therefore after a 

time period particles greater than a certain size will settle out of solution.  Knowing the position of 

the measurement zone and the time elapsed allows for the calculation of settling velocity, and 

through the application of Stokes Law, the PSD can be inferred. 

 

The time for 50% and 90% of the particles to settle out of 1 m of water was calculated for each 

sample using the measured settling velocities. 

1.3.2 Normalisation of organics 

As total organic carbon (TOC) is the main binding constituent for organic substances in marine 

sediments, the NAGD (CA 2009) requires organics (tributyltin, total recoverable hydrocarbons 

and polycyclic aromatic hydrocarbons) to be normalised to 1% TOC for comparison with the 

NAGD Screening Levels.  The normalised results provide a measure of the bioavailability of the 

organic analytes.  When TOC is significantly greater than 1%, the additional binding capacity will 

result in organics being less biologically available and therefore normalisation will reduce the 

measured value proportionally (the reverse also applies).  Normalisation is only appropriate over 

a TOC range of 0.2–10%.  For TOC <0.2% or TOC >10%, 0.2 and 10% TOC will be used for 

normalisation, respectively.  If TOC was below the laboratory limit of reporting (LoR), 

normalisation was not completed. 

1.3.3 Computation of test statistics and assessment against guidelines 

Test statistics were computed from the analyte datasets (where possible) for comparison with the 

relevant guidelines.  The different guidelines stipulate different types of statistical analysis; each 
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of which is summarised below.  The Boat Harbour and Entrance Channel were treated as one 

dredging area. 

NAGD Screening Levels 

Concentrations of metals and organics in sediments to be dredged were compared to the NAGD 

Screening Levels (CA 2009).  This comparison required calculation of the 95% upper confidence 

limit (UCL) of the mean (CA 2009).  The 95% UCL of the mean was not calculated when more 

than 25% of the contaminant concentration data were below the LoR.  This was because bias 

can be introduced if a large proportion of data are below the LoR, leading to underestimation of 

contamination at certain sites.  Test statistics were not calculated for areas where the required 

minimum samples numbers were not met.  Where there were not enough samples to complete 

the calculations, the individual site concentrations were compared to the relevant Screening 

Levels. 

Ecological investigation levels 

The proposed Western Disposal area is located in above the low water mark, within the limits of 

the State and, as such, is not considered to meet the requirements of a Sea Dumping permit 

(CA 2009).  The receiving environment for the dredged material is located in an intertidal area 

and the predominant receptors are marine.  As such, disposal of dredged material to the Western 

Disposal area were assessed against the DER (2014) marine interim sediment quality guidelines 

(ISQG; P Bourgault, Strategen Environmental Consultants, pers. comm., 1 December 2016).  

The DER (2014) ISQGs are sourced from the ANZECC & ARMCANZ (2000) ISQG values and, 

for the majority of analytes, equivalent to NAGD Screening Levels (CA 2009). 

ANZECC & ARMCANZ trigger values 

Elutriate tests are undertaken to assess the impacts of potential contaminants released in the 

water column during dredging and disposal operations.  The mean concentrations of elutriate 

contaminants were compared with the ANZECC & ARMCANZ (2000) marine water quality 

guidelines, as stipulated by the NAGD (CA 2009).  There are two subcategories of the ANZECC 

& ARMCANZ (2000) marine water quality guidelines: 1) trigger values for physical and chemical 

stressors and 2) trigger values for toxicants1.   

 

The default low-risk trigger values for physical and chemical stressors used here are for tropical 

(north of Carnarvon) and are applicable to coastal lagoons (excluding estuaries) and 

embayment's and waters less than 20 m depth. 

 

The trigger values for toxicants have been derived for different levels of environmental protection 

that signify the percentage of species expected to be protected within the ecosystem.  In Western 

Australian marine waters, a high level of ecosystem protection applies, and the trigger value 

associated with a species protection level of 99% is typically used for all contaminants except 

cobalt (which is assigned a 95% species protection level).  However, areas with substantial 

vessel traffic are considered to be more disturbed environments, and are typically assigned a 

moderate level of ecosystem protection (90% species protection).  ANZECC & ARMCANZ (2000) 

99% species protection guidelines were applied to sediments being disposed of to the Western 

Disposal area and dredge area waters (i.e. to determine the impacts of contaminants disturbed 

during dredging and disposal).  The ANZECC & ARMCANZ (2000) species protection guidelines 

are for determining the potential long-term effects of chronic exposure whereas dredging impacts 

will result in a short term disturbance.  Acute effects (for 24–96 hours continuous exposure) are 

expected at concentrations at least 1–2 orders of magnitude greater than the chronic guidelines.   

                                                
1
  ‘Toxicants' is a term used for chemical contaminants that have the potential to exert toxic effects at concentrations that might be 

encountered in the environment’ (ANZECC & ARMCANZ 2000) 
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Analysis of analyte concentrations below the limit of reporting 

Analyte concentrations that were undetected in samples following laboratory analyses were 

recorded as below the LoR.  Generally, half the LoR value was used as a substitute for data 

below the LoR, in accordance with the NAGD (CA 2009).  However, a large proportion of the data 

below the LoR has the capacity to bias subsequent analyses and USEPA (2007) does not 

consider a 95% UCL of the mean calculated based upon few samples to be reliable.  Therefore, 

where the data contain values below the LoR, the following protocol was applied (based on 

ANZECC & ARMCANZ 2000): 

 

 Where >25% of values were below the LoR, descriptive statistics (means and percentiles) or 

inferential analysis (including the calculation of confidence limits) were not calculated.  

Instead, individual results were compared to the triggers and discussed accordingly. 

 Where ≤25% but >0% of values are below the LoR, confidence limits were calculated via two 

methods: 

 using the normalised estimate based on half the LoR as the replacement value  

 using zero as a replacement value.  This then informs the interpretation of the results, in 

particular, whether the choice of replacement value affects the outcome of the analysis.   

 

The effect of these two methods on the outcome was then reviewed. 

1.3.4 Acid sulfate soils and acid base accounting 

The chromium reducible sulfur suite method was used, which involved a series of steps that yield 

an estimate of the actual and potential acidity, the acid neutralising capacity (ANC) and the total 

net acidity of a sediment sample.  This method measures the reduced inorganic sulfur content 

(SCr [%S]) and the actual acidity (potassium chloride suspension [pHKCl]) of the sediment.  The SCr 

was assessed against the texture-based Action Criteria (DER 2015) for material >1000 tonnes, 

and if this criterion was exceeded, the total net acidity was calculated via acid-base accounting 

(ABA) which allows an estimate of the actual and potential acidity of a sediment sample using the 

following equation(Ahern et al. 2004): 

 

                                                          
   

  
 

where: 

 

 potential sulfuric acidity of the sediment (SCr) is converted from %S to mol H+/tonne by 

multiplying by 623.7. 

 existing acidity (in mol H+/tonne) is the titratable actual acidity (TAAKCl) and/or net acid 

soluble sulfur (SNAS).  However, if there is no existing acidity i.e. the sample has a pHKCl 

greater than 6.5, the TAAKCl or SNAS is assumed to be zero and the existing acidity term is 

neglected. 

 

ANC is the ability of the sediment to naturally neutralise any acid produced (for example, due to 

the presence of carbonate material).  ANC is represented by ANCBT (converted from %CaCO3 to 

mol H+/tonne by multiplying by 199.8).  The ANC is assumed to be zero if there is existing acidity.   

FF is the fineness factor.  As the samples are finely ground in the laboratory, the net acid risk 

likely to be experienced in the field could be underestimated by the laboratory results.  To allow 

for this, the measurement of ANC is divided by a FF during ABA.  A fineness factor of 1.5 was 

selected for this study to ensure a conservative calculation of the neutralising capacity for the fine 

shell and carbonate silts (DER 2015). 
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If the results of the subsequent acid base accounting indicate the net acidity is negative, then 

there is a low likelihood of acid sulfate soil (ASS) generation.  If net acidity is positive, there is the 

potential for ASS generation during dredging. 

1.4 QA/QC data analysis 

The precision of the sediment analyses was determined by quantifying the differences between 

the concentrations of analytes in the QA/QC samples, using the methods outlined in the NAGD 

(CA 2009).  The relative percent difference (RPD) was calculated for analyte concentrations in 

the sample splits (both intra-laboratory splits and inter-laboratory splits) and the relative standard 

deviation (RSD) was calculated for analyte concentrations in the triplicate samples. 

 

The RPD is calculated as follows: 

 

        
                                      

                          
 

 

The acceptable RPD range of sample splits depends upon the concentration levels detected 

relative to the LoR as follows (Australian Department of the Environment, pers. comm. 

12 August 2014): 

 

 0–100% RPD when the average concentration is <5 times the LoR 

 0–75% RPD when the average concentration is 5 to 10 times the LoR 

 0–50% RPD when the average concentration is >10 times the LoR. 

 

If the RPD for a measured analyte fell outside of these limits, the value of the measured analyte 

was flagged as an estimate rather than a precise value (CA 2009).   

 

The RSD is calculated as follows: 

 

        
                                              

                               
 

 

The triplicate samples should agree within an RSD of ±50%.  RSDs greater than 50% may 

indicate that the sediments are heterogeneous or greatly differ in grain size (CA 2009).  The RPD 

and RSD were only calculated when all QA/QC sample concentrations were above the LoR.  

When one or more of the analyte concentrations were below the LoR, the individual 

concentrations were compared to assess the magnitude of the differences between them.  The 

QA/QC analysis and the type of variability that is indicated by each measure is summarised in 

Table 1.3. 

Table 1.3 QA/QC analysis and interpretation 

QA/QC sample type 
Split samples 

Triplicate samples 
Intra-laboratory splits Inter-laboratory splits 

Type of variability measured Intra-laboratory Inter-laboratory 
Sediment heterogeneity on 

a scale of centimetres 

Analysis applied RPD (%) RPD (%) RSD (%) 

RPD/RSD limits (CA 2009) See above See above ≤50% 

Note: 

1. QA/QC = quality assurance and quality control, RPD = relative percent difference, RSD = relative standard 

deviation. 
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Other QA/QC factors that were monitored during data analyses were whether: 

 

 the laboratory met the LoR required to test against relevant guidelines for all analytes 

 holding times as specified in the NAGD (CA 2009) i.e. the maximum permissible time from 

sampling to analysis, were met the completeness of the dataset (that is, the amount of valid 

data obtained for the study), which can be affected by missing samples or analytical 

problems.  Completeness should be >95% (CA 2009). 
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2. Sediment Analysis Results 

2.1 Physical sediment characteristics 

2.1.1 Visual and odour characterisation 

Sediments at the Western Disposal (WD1–3) and Entrance Channel (JCH1–3) sites consisted of 

sands, with little or no fines and up to 20% shell material (Table 2.1).  Boat Harbour sites (JCH4–

12) mainly consisted of silts and sand (Table 2.1).  At site JCH8, a rubble layer was observed at 

0.5 m.  Sediment colour ranged from dark yellow, to grey and brown (Table 2.1) no odour or 

organic material was observed within the sediments. 



 

BMT Oceanica:  Department of Transport and BMT JFA Consultants Pty Ltd: Johns Creek Boat Harbour Maintenance Dredging Sediment Sampling and Analysis Plan Implementation Report  11 

Table 2.1 Sediment log of sediments sampled at the Johns Creek Boat Harbour and Entrance Channel dredging area and Western Disposal area 

Sample 
Core depth 

interval (m) 
Munsell colour Texture Sorting 

Sulfidic 

odour 

Organic 

matter 
Debris Photos 

Johns Creek Boat Harbour and Entrance Channel dredging area 

JCH1 0.0–1.0 2.5Y 4/2  Medium coarse sand Moderately sorted No No 
20% shell 

material 

 

JCH2 0.0–1.0 2.5Y 4/2  Medium coarse sand Moderately sorted No No None 

 

JCH3 0.0–0.1  2.5Y 3/4  Medium coarse sand Moderately sorted No No 
20% shell 

material 

 

JCH4 

0.0–0.2 2.5Y 2/1  Fine clay Very well sorted No No None 

 
0.2–0.5 2.5Y 2/1  Coarse sand Very well sorted No No None 

JCH5 0.0–1.5 2.5Y 3/2  
Sandy silt and fine to 

coarse sand 
Well sorted No No None 

 

JCH6 0.0–1.5 2.5Y 3/2  Silty sand Very well sorted No No None 

 

JCH7 

0.0–0.5 2.5Y 2/3  
Sandy silt and clay to fine 

sand 
Very well sorted No No None 

 
0.5–0.8 2.5Y 2/3  Coarse and fine sand Very well sorted No No None 

JCH8 

0.0–0.2 2.5Y 2/3  Sandy silt Very well sorted No No None 

 

0.2–0.45 2.5Y 4/1  Coarse sand Partially sorted No No 
60% shell 

fragments 

0.45–0.5 2.5Y 6/1  Rubble Partially sorted No No 100% rubble 

JCH9 

0.0–0.8 2.5Y 2/3  Silty sand Very well sorted No No None 

 

0.8–1.0 2.5Y 2/3  Sandy silt Very well sorted No No None 

JCH10 0.0–0.5 2.5Y 3/3  Sandy silt Very well sorted No No None 

 

JCH11 0.0–1.0 2.5Y 3/1  Sandy silt Very well sorted No No None 

 

JCH12 0.0–1.5 2.5Y 3/1  Sandy silt Very well sorted No No None 

 

Western Disposal area 
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Sample 
Core depth 

interval (m) 
Munsell colour Texture Sorting 

Sulfidic 

odour 

Organic 

matter 
Debris Photos 

WD1 0.0–0.1 7.5YR 4/4  Medium sand Well sorted No No None 

 

WD2 0.0–0.1 7.5YR 4/4  Medium sand Very well sorted No No None 

 

WD3 0.0–0.1 7.5YR 4/4  Medium sand Very well sorted No No None 

 

Note: 

1. Refer to Section 1.1 and Figure 1.1 for explanation of sampling areas 

2. Munsell colour = name, hue, value/chroma 

3. The colours presented in the table above are intended to provide visual comparison between the samples and are not intended to take the place of a Munsell Soil Colour Chart.  Colours were determined using BabelColor 
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2.1.2 Particle size distribution 

Sediment PSD varied between sampling sites and areas (Figure 2.1, Table 2.2).  Entrance 

Channel sediments (JCH 1–3) and Western Disposal area sediments (WD 1–3) were similar in 

composition, with fine–medium sand the dominant size class (54–63%).  Sediments in the Boat 

Harbour basin (JCH 4–9) were also dominated by the fine sand (35–64%), however; these 

sediments comprised a greater proportion of silts and clays (9–35%).  Sediments in the Boat 

Harbour berth pockets (JCH 10–12) were dominated by clay and silts (44-49%) with low sand 

content. 

 

There was little variation with depth at site JCH12 (Figure 2.1, Table 2.2), with only the 0.5–1.0 m 

layer showing a slightly higher clay proportion.  The rubble layer noted in the field at site JCH 8 

(Table 2.1) was also evident in the particle size distribution data as a higher proportion of gravel 

(22%) (Figure 2.1, Table 2.2). 

 

 
Note: 

1. Refer to Section 1.1 and Figure 1.1 for explanation of sampling areas and sites. 

Figure 2.1 Particle size distribution of sediments sampled at the Johns Creek Boat 

Harbour and Entrance Channel dredging area and Western Disposal area 
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Table 2.2 Particle size distribution (%) of sediments at the Johns Creek Boat Harbour and Entrance Channel dredging area 

Category Size 
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Total gravel >2000 µm 0.51 2.27 13.58 4.38 1.99 0.11 8.56 21.77 18.93 0.00 0.90 0.25 0.23 0.15 0.49 1.11 0.13 

Very coarse sand 1000–2000 µm 0.95 3.04 4.02 0.98 0.57 0.44 1.25 12.3 1.53 0.12 0.51 0.28 0.19 0.16 0.43 1.26 0.20 

Coarse sand 500–1000 µm 4.35 7.57 5.22 0.64 0.58 0.66 0.76 12.01 2.35 0.44 1.13 0.52 0.71 0.26 1.14 3.00 0.44 

Medium sand 250–500 µm 61.63 62.56 61.17 11.34 7.44 5.73 11.53 17.94 16.43 1.29 3.62 2.71 2.3 1.66 55.55 60.4 54.05 

Fine sand 125–250 µm 31.82 24.18 15.02 64.12 61.79 35.21 38.47 8.02 47.64 5.16 7.72 8.86 6.54 12.14 42.13 33.5 44.23 

Very fine sand 63–125 µm 0.11 0.03 0.04 0.65 0.45 3.3 1.29 0.81 0.55 1.92 1.21 1.15 0.24 0.99 0.08 0.16 0.26 

Total sand 63–2000 µm 98.85 97.38 85.47 77.72 70.83 45.34 53.3 51.08 68.51 8.93 14.19 13.53 9.98 15.21 99.32 98.32 99.18 

Coarse silt 31–63 µm 0.18 0.06 0.10 2.12 2.51 10.79 4.75 3.64 1.79 9.21 7.34 5.08 5.08 7.65 0.07 0.15 0.22 

Medium silt 16–31 µm 0.12 0.05 0.08 2.71 3.89 10.11 5.22 5.33 1.81 11.55 13.28 12.73 10.23 10.21 0.03 0.07 0.11 

Fine silt 8–16 µm 0.09 0.03 0.07 2.41 3.38 7.60 5.67 3.96 1.40 12.81 15.69 13.17 12.6 12.05 0.02 0.06 0.08 

Very fine silt 4–8 µm 0.07 0.03 0.05 2.11 3.06 6.09 4.17 3.15 1.32 13.1 13.68 12.18 12.52 11.73 0.02 0.05 0.06 

Total silt 4–63 µm 0.46 0.17 0.30 9.35 12.85 34.59 19.81 16.07 6.32 46.66 50 43.15 40.43 41.62 0.13 0.33 0.46 

Total clay 0–4 µm 0.18 0.17 0.65 8.55 14.32 19.96 18.33 11.07 6.24 44.41 34.92 43.07 49.37 43.02 0.06 0.24 0.23 

Notes: 

1. Refer to Section 1.1 and Figure 1.1 for explanation of sampling areas and sites 

2. Red text indicates the dominant size fraction in each sample 
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2.1.3 Settling times 

Time for 50% of particles to settle over 1 m ranged from 0.11 minutes (JCH8, Table 2.3) to 

1175.88 minutes (JCH12_0.5–1.0, Table 2.3).  Time for 90% of particles to settle over 1 m 

ranged from 0.01 h (JCH3, Table 2.3) to 75207.84 h (JCH12_S, Table 2.3).  Settling times are 

closely linked to particle size, samples that had a higher proportion of sands and gravels had 

short settling times.  Conversely, samples with high silt/clay proportions had long settling times, 

particularly for the 90% of particles measurement.  Sample JCH8 had a high gravel fraction but 

took a longer time for 90% of particles to settle than other samples due to its high silt/clay 

content. 

Table 2.3 Settling times of sediments sampled at the Johns Creek Boat Harbour and 

Entrance Channel dredging area and Western Disposal area 

Sample 
Time for 50% of particles in settle 

through 1 m of water (minutes) 

Time for 90% of particles to settle 

through 1 m of water (hours) 

JCH1_S 0.23 0.02 

JCH2_S 0.19 0.02 

JCH3_S 0.15 0.01 

JCH4_S 0.81 8.12 

JCH5_S 0.97 220.95 

JCH6_S 9.98 467.13 

JCH7_S 1.11 654.95 

JCH8_S 0.11 33.84 

JCH9_S 0.57 0.60 

JCH10_S 728.72 7569.27 

JCH11_S 273.41 2973.52 

JCH12_S 567.64 75207.84 

JCH12_0.5–1.0 1175.88 9349.26 

JCH12_1.0–1.5 862.38 4579.50 

WD1_S 0.32 0.02 

WD2_S 0.24 0.02 

WD3_S 0.36 0.02 

Notes: 

1. Refer to Section 1.1 and Figure 1.1 for explanation of sampling areas and sites 

2. Blue shading indicates a sample from deep sediment layers (>0.5 m) 

2.2 Nutrients 

Total Kjeldahl nitrogen (TKN) concentration in dredging area sediments ranged from 79–

1600 mg/kg.  Concentrations in entrance Channel (JCH 1–3) sediments were considerably lower 

than Boat Harbour (JCH 4–12) sediments (Table 2.4).  TKN at the Western Disposal area ranged 

from 48–62 mg/kg in (Table 2.4).  Total phosphorous (TP) was consistent between sites, and 

ranged from 160 mg/kg in Western Disposal area sediments, to 570 mg/kg in Boat Harbour 

sediments (Table 2.4).  There are currently no guidelines for assessing potential impacts from 

TKN or TP for marine sediments. 

 

Concentration of elutriate nutrients from most Boat Harbour and Entrance Channel sediments 

exceeded the ANZECC & ARMCANZ (2000) default trigger values for filterable reactive 

phosphorus (FRP) and nitrate + nitrite (NOx) (Table 2.4).  Concentrations from all Boat Harbour 

and Entrance Channel sediments except JCH1_S and JCH8_S exceeded the 99% species 

protection guideline for ammonia (NH3) (Table 2.4).  Mean Boat Harbour and Entrance Channel 
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elutriate FRP and NH3 concentrations exceeded their respective ANZECC & ARMCANZ (2000) 

guidelines. 

Table 2.4 Total and elutriate nutrient concentrations in sediments sampled at the 

Johns Creek Boat Harbour and Entrance Channel dredging area and 

Western Disposal area 

Sample 
Total nutrients Elutriate nutrients 

TKN TP FRP NOX NH3 

Unit mg/kg mg/kg µg/L µg/L µg/L 

Default trigger values for tropical 

marine inshore waters
2,3

 
- - 5 8 - 

99% species protection level
2,3

 - - - - 500 

JCH1_S 130 200 14 13 400 

JCH2_S 80 170 20 9 700 

JCH3_S 79 160 37 10 700 

JCH4_S 420 420 8 8 1100 

JCH5_S 450 230 29 5 600 

JCH6_S 1100 300 86 7 2200 

JCH7_S 1000 370 91 8 1100 

JCH8_S 530 210 24 <5 400 

JCH9_S 380 170 38 <5 1300 

JCH10_S 643 300 13 10 2500 

JCH11_S 1300 440 130 <5 3100 

JCH12_S 1200 440 130 <5 3700 

JCH12_0.5–1.0 1600 570 240 10 14000 

JCH12_1.0–1.5 1200 460 230 9 17000 

Entrance Channel and Boat Harbour 

mean
4
 

609 284 52 6
5
 1778 

WD1_S 59 160 - - - 

WD2_S 62 160 - - - 

WD3_S 48 160 - - - 

Western Disposal mean 56.33 160.00 - - - 

Notes: 

1. Refer to Section 1.1 and Figure 1.1 for explanation of sampling areas and sites 

2. ANZECC & ARMCANZ (2000) default trigger values  

3. Guideline for sediments being disposed of to the Western Disposal area 

4. Calculated using surface data only 

5. Mean calculated using half LoR (BMT 2016b) 

6. Bold red text indicates mean value exceeds ANZECC & ARMCANZ (2000) default trigger values, non-bold red text 

indicates an individual site has exceeded ANZECC & ARMCANZ (2000) default trigger values 

7. - indicates no guideline available or sample not tested for that analyte 

8. Triplicate sample results have been averaged for inclusion in this table 

9. TKN = total Kjeldahl nitrogen , TP = total phosphorous, FRP = filterable reactive phosphorous, NH3 = ammonia, 

NOX = nitrate + nitrite 

10. Blue shading indicates a sample from deep sediment layers (>0.5 m) 



 

BMT Oceanica:  Department of Transport and BMT JFA Consultants Pty Ltd: Johns Creek Boat Harbour Maintenance Dredging 
Sediment Sampling and Analysis Plan Implementation Report  17 

2.3 Metals 

2.3.1 Total metals 

The total metal concentrations in sediments from the Boat Harbour and Entrance Channel 

dredging area and Western Disposal area were compared to the relevant marine sediment ISQG-

low assessment levels (DER 2014) and NAGD Screening Levels (CA 2009 Table 2.5).  Where 

sufficient data were available, 95% UCLs were calculated for each depth layer in each area.  The 

maximum concentration value was used to characterise the Western Disposal area as there were 

insufficient data to calculate UCLs. 

 

The 95% UCL of arsenic, total chromium and nickel concentration in the Boat Harbour and 

Entrance Channel dredging area sediments exceeded their NAGD Screening Levels (CA 

2009).The ISQG-High Values were met for all analytes except nickel.  The highest concentrations 

of these metals were commonly at sites adjacent to Boat Harbour berth pockets (sites JCH10–12; 

Figure 1.1, Table 2.5).  Arsenic concentrations only exceeded the guideline in sediments adjacent 

to Boat Harbour berth pockets (Figure 1.1), but were sufficiently elevated to cause the 95% UCL 

of the mean for the entire dredging area to slightly exceed the NAGD Screening Level.  The 

mean concentration of total arsenic for dredging area sites was below the DER (2014) ISQG-low 

value.  Chromium concentrations exceeded the NAGD Screening Levels in all Boat Harbour 

surface samples. Elevated concentrations were also found in the deeper sediments adjacent to 

berth pockets (Figure 1.1).  Two samples from the Boat Harbour exceeded the copper NAGD 

Screening Level; however; the 95% UCL met the guideline.  Nickel concentrations exceeded the 

NAGD Screening Levels in all Boat Harbour sediments (including the sediments from lower depth 

horizons), but were below the guideline at the Entrance Channel sites.  The highest 

concentrations of arsenic, chromium, copper and nickel were found at site JCH12.  At sites where 

there were exceedances of the NAGD Screening Levels, the deeper sediments were analysed for 

those metals that exceeded (Table 2.5).  Total metals concentration in sediments from the 

Western Disposal area met the NAGD (CA 2009) Screening Levels with the exception of nickel 

(Table 2.5).  Nickel at site WD had a concentration of 23mg/kg, higher than the screening value 

of 21 mg/kg (CA 2009). 

 

Entrance Channel and Boat Harbour samples that exceeded NAGD Screening Levels for arsenic, 

chromium copper and nickel were analysed for bioavailable and elutriate metals (Sections 2.3.3 

and 2.3.2). 
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Table 2.5 Total metal concentrations in sediments sampled at Johns Creek Boat Harbour and Entrance Channel dredging area and Western Disposal area 

Guideline/sample Arsenic Cadmium Chromium III Hexavalent chromium Total Chromium Copper Lead Mercury Nickel Zinc 

Unit mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Screening Level
2
/ISQG-low

3
 20 1.5 - - 80 65 50 0.15 21 200 

Sediment Quality High Value
2
/ISQG-high

3
 70 10 - - 370 270 220 1 52 410 

JCH1_S 14.0 <0.1 46.0 <0.5 46.0 3.0 1.4 <0.1 17.0 7.9 

JCH2_S 12.0 <0.1 32.0 <0.5 32.0 1.8 1.0 <0.1 10.0 5.1 

JCH3_S 12.0 <0.1 33.0 <0.5 33.0 1.9 1.2 <0.1 11.0 5.0 

JCH4_S 13.7 <0.1 76.0 <0.5 76.0 13.5 3.4 <0.1 32.0 22.0 

JCH5_S 14.0 <0.1 88.0 <0.5 88.0 21.0 4.5 <0.1 37.0 34.0 

JCH5_0.5–1.0 - - 76.0 0.6 77.0 - - - 30.0 - 

JCH5_1.0–1.5 - - 74.0 <0.5 74.0 - - - 29.0 - 

JCH6_S 18.0 <0.1 96.0 0.6 97.0 26.0 6.3 <0.1 39.0 49.0 

JCH6_0.5–1.0 - - 88.0 0.6 89.0 - - - 35.0 - 

JCH6_1.0–1.5 - - 69.0 0.5 70.0 - - - 28.0 - 

JCH7_S 15.0 <0.1 99.5 0.6 100.0 33.0 6.4 <0.1 44.0 52.0 

JCH7_0.5–1.0 - - 79.0 <0.5 79.0 - - - 34.0 - 

JCH8_S 14.0 <0.1 66.0 <0.5 66.0 21.0 4.5 <0.1 25.0 32.0 

JCH9_S 9.9 <0.1 55.0 <0.5 55.0 15.0 7.3 <0.1 24.0 37.0 

JCH9_0.5–1.0 - - - - - - - - 32.0 - 

JCH10_S 35.7 0.1 160.0 0.7 160.0 35.7 9.8 <0.1 63.7 45.3 

JCH11_S 18.0 0.1 130.0 0.7 130.0 56.0 9.1 <0.1 55.0 100.0 

JCH11_0.5–1.0 - - 140.0 1.1 140.0 - - - 52.0 - 

JCH12_S 20.0 0.1 120.0 0.6 130.0 72.0 9.9 <0.1 78.0 130.0 

JCH12_0.5–1.0 21.0 0.1 150.0 1.0 150.0 68.0 12.0 <0.1 64.0 120.0 

JCH12_1.0–1.5 21.0 0.1 140.0 0.8 140.0 54.0 9.5 <0.1 89.0 100.0 

Entrance Channel and Boat Harbour maximum 35.7 0.1 160.0 0.7 160.0 72.0 9.9 <0.1 78.0 130.0 

Entrance Channel and Boat Harbour 95% UCL
4
 20.42 n/c 104.2 n/c 105.6 36.22 7.10 n/c 47.25 62.88 

Entrance Channel and Boat Harbour mean
4
 16.4 n/c 83.5 n/c 84.4 25.0 5.4 n/c 36.3 43.3 

Entrance Channel and Boat Harbour standard deviation
4
 7.4 n/c 33.2 n/c 34.1 19.7 2.4 n/c 18.2 35.6 

WD1_S 16.0 <0.1 53.0 <0.5 53.0 3.5 1.2 <0.1 17.0 8.3 

WD2_S 16.0 <0.1 51.0 <0.5 51.0 3.3 1.2 <0.1 20.0 7.9 

WD3_S 17.0 <0.1 57.0 <0.5 57.0 3.6 1.2 <0.1 23.0 8.2 

Western Disposal maximum 17.0 <0.1 57.0 <0.5 57.0 3.6 1.2 <0.1 23.0 8.3 

Western Disposal 95% UCL
5
 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c 

Western Disposal mean 16.3 <0.1 53.7 <0.5 53.7 3.5 1.2 <0.1 20.0 8.1 

Western Disposal standard deviation 0.6 n/c 3.1 n/c 3.1 0.2 0.0 n/c 3.0 0.2 

Notes: 

1. Refer to Section 1.1 and Figure 1.1 for explanation of sampling areas 

2. NAGD Screening Levels and Sediment Quality High Values from CA (2009) 

3. ISQG = interim sediment quality guideline value from DER (2014) 

4. Calculated using surface data only 

5. Calculation of 95% UCL not possible due to small dataset size 

6. Bold red text indicates maximum value, 95% UCL or area mean value exceeds NAGD (CA 2009) Screening Levels/DER (2014) ISQG-low, non-bold red text indicates an individual site has exceeded NAGD (CA 2009) Screening Levels/DER (2014) ISQG-low 

7. - indicates no guideline available or sample not tested for that analyte 

8. n/c - not calculated due to small sample size or >25% of values  below the LoR (BMT Oceanica 2016b) 

9. Triplicate sample results have been average for inclusion in this table 

10. Blue shading indicates a sample from deep sediment layers (>0.5 m) 
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2.3.2 Elutriate metals 

Elutriate metals were analysed in Boat Harbour (JCH4–12) samples where total metal 

concentrations in sediments exceeded NAGD Screening Levels (CA 2009) (Table 2.5).  Mean 

elutriate concentrations of all metals except copper were below the ANZECC/ARMCAZ 99% 

species protection level (Table 2.6).  Mean copper elutriate copper concentration exceeded the 

AMZECC/ARMCANZ 99% species protection level (Table 2.6). 

Table 2.6 Elutriate metal concentrations from sediments sampled at Johns Creek Boat 

Harbour 

Analyte Arsenic 
Trivalent 

chromium 

Hexavalent 

chromium 

Total 

chromium 
Copper Nickel 

Unit µg/L µg/L µg/L µg/L µg/L µg/L 

ANZECC & ARMCANZ 

(2000) 99% species 

protection level 

- 7.7 0.14
3
 - 0.3 7 

JCH4_S
1 
 - 1 <1 1 - 2 

JCH5_S - <1 <1 9 - 2 

JCH5_0.5–1.0 - - - - - 8 

JCH5_1.0–1.5 - - - - - 7 

JCH6_S - <1 <1 8 - 2 

JCH6_0.5–1.0 - 31 <1 31 - 8 

JCH6_1.0–1.5 - - - - - 8 

JCH7_S - <1 <1 3 - 3 

JCH7_0.5–1.0 - - - - - 100 

JCH8_S - - - - 2 2 

JCH9_S - - - - 2 4 

JCH9_0.5–1.0 - - - - - 8 

JCH10_S 3 2 <1 2 2 4 

JCH11_S 12 <1 <1 1 7 2 

JCH11_0.5–1.0 - 28 <1 28 - 8 

JCH12_S 11 <1 <1 <1 7 2 

JCH12_0.5–1.0 9 <1 <1 <1 13 5 

JCH12_1.0–1.5 10 <1 <1 1 9 5 

Mean
4
 9 1 <1 1 6 3 

Notes: 

1. Included for elutriate analysis as one of the triplicate samples (JCH4_S1) exceeded the guideline level, despite the 

average falling below the guideline level. 

2. Refer to Section 1.1 and Figure 1.1 for explanation of sampling areas and sites 

3. LoR not low enough to meet guideline 

4. Calculated using surface data only 

5. For results below the LoR, means were calculated using half the LoR as the replacement value 

6. Bold red text indicates mean value exceeds ANZECC & ARMCANZ (2000) species protection level, non-bold red 

text indicates an individual site has exceeded ANZECC & ARMCANZ (2000) species protection level 

7. - indicates no guideline available or sample not tested for that analyte 

8. Blue shading indicates a sample from deep sediment layers (>0.5 m) 

2.3.3 Bioavailable metals 

Bioavailable metals were analysed in Boat Harbour (JCH4–12) sediment samples where total 

metal concentrations exceeded the NAGD Screening Levels (CA 2009) (Table 2.5).  Bioavailable 

metal concentrations in all sediment met the NAGD Screening Levels  (Table 2.7),. 
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Table 2.7 Bioavailable metal concentrations in sediments at Johns Creek Boat 

Harbour 

Guideline/sample Arsenic Total chromium Copper Nickel 

Unit mg/kg mg/kg mg/kg mg/kg 

NAGD 

Guidelines  

(CA 2009) 

Screening 

Level  
20 80 65 21 

 

Sediment 

Quality High 

Values  

70 370 270 52 

JCH4_S
1
 - 8.9 - 1.5 

JCH5_S
 
 - 9.8 - 1.3 

JCH5_0.5 - - - 1.1 

JCH5_1.0 - - - 1.2 

JCH6_S - 11.0 - 1.7 

JCH6_0.5–1.0 - 10.0 - 1.6 

JCH6_1.0–1.5 - - - 1.1 

JCH7_S - 11.0 - 1.8 

JCH7_0.5–1.0 - - - 5.0 

JCH8_S - - - 1.6 

JCH9_S - - - 2.0 

JCH9_0.5–1.0 - - - 1.7 

JCH10_S 4.7 13.0 - 3.4 

JCH11_S - 15.0 - 2.4 

JCH11_0.5–1.0 - 11.0 - 2.9 

JCH12_S 2.3 16.0 31.0 2.5 

JCH12_0.5–1.0 2.4 20.0 28.0 3.1 

JCH12_1.0–1.5 1.9 15.0 - 2.1 

95% UCL
3
 4.7

2
 15.5 31

2
 2.5 

Notes: 

1. Included for elutriate analysis as one of the triplicate samples (JCH4_S1) exceeded the guideline level, despite the 

average falling below the guideline level. 

2. Refer to Section 1.1 and Figure 1.1 for explanation of sampling areas and sites 

3. Calculation of 95% UCLs not possible due to small data set size, so maximum value used for comparison to 

guidelines 

4. Calculated using surface data only 

5. – sample not tested for that analyte 

6. Blue shading indicates a sample from deep sediment layers (>0.5 m) 

2.4 Acid sulfate soils 

The pH (measured in potassium chloride suspension) was >8.4 in each sample and there is no 

evidence of actual acidity in the sediments from the dredging and disposal areas (Table 2.8). 

 

%S (SCr) was above the potential sulfidic acidity Action Criteria of 0.03% (DER 2015) at all but 

one dredging area site and these sediments were identified as potential ASS.  The ABA indicated 

that the potential acidity was sufficiently buffered by the ANC of the sediment and the total net 

acidity for samples that exceeded action criteria was negative (Table 2.8).  The %S (SCr) for sites 

within the disposal areas met the potential sulfidic acidity Action Criteria (DER 2015) (Table 2.8).  
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Table 2.8 Acid sulfate soil analysis and acid base accounting for sediments sampled 

at the Johns Creek Boat Harbour and Entrance Channel dredging area and 

Western Disposal area 

Sample pHKCl %S (SCr ) 

Potential 

sulfidic 

acidity 

(mol H+/ 

tonne) 

Existing 

acidity 

ANCBT 

(%CaCO3) 

ANCBT 

(mol H+/ 

tonne) 

Net acidity 

(mol H+/ 

tonne) 

Action Criteria
2
 - 0.03  18.71 - - - - 

JCH1_S 9.9 0.03 18.71 <1 20 3996.0 -2645 

JCH2_S 9.9 0.01 6.24 <1 - - - 

JCH3_S 9.9 0.03 18.71 <1 20 3996.0 -2645 

JCH4_S 9.4 0.28 174.64 <1 17 3396.6 -2090 

JCH5_S 9.3 0.31 193.35 <1 18 3596.4 -2204 

JCH6_S 9.1 0.49 305.61 <1 24 4795.2 -2891 

JCH7_S 9.1 0.59 367.98 <1 20 3996.0 -2296 

JCH8_S 9 0.94 586.28 <1 32 6393.6 -3676 

JCH9_S 9.4 0.30
3 
 187.11 <1 13 2597.4 -1544 

JCH10_S 8.9 0.85 530.15 <1 32 6393.6 -3732 

JCH11_S 8.9 0.80 498.96 <1 27 5394.6 -3097 

JCH12_S 8.9 0.76 474.01 <1 28 5594.4 -3256 

JCH12_0.5–1.0 8.9 0.91 567.57 <1 25 4995.0 -2762 

JCH12_1.0–1.5 8.9 0.75 467.78 <1 26 5194.8 -2995 

WD1_S 9.8 <0.01 <0.01 <1 - - - 

WD2_S 9.7 0.02 12.47 <1 - - - 

WD3_S 9.8 0.01 6.24 <1 - - - 

Note: 

1. Refer to Section 1.1 and Figure 1.1 for explanation of sampling areas and sites 

2. Samples assigned DER (2015) action criteria for >1000 tonnes material 

3. This exceedance is an artefact of rounding error.  Actual %SCr was 0.0285 

4. Values in red indicate exceedance of DER (2015) Action Criteria 

5. - Acid base accounting not completed for these samples as %SCr was met the DER (2015) Action Criteria 

6. pHKCL  = pH in potassium chloride suspension, S = sulfur, SCr = chromium reducible sulfur, ANCBT = acid 

neutralising capacity by back titration, ANC = acid neutralising capacity  

7. Blue shading indicates a sample from deep sediment layers (>0.5 m) 

 

2.5 Total organic carbon and pH 

The TOC content of sediment was lower in Entrance Channel sediments than Boat Harbour 

sediments.  The TOC was highest (1.3–1.6%) at site JCH12, which also had the highest clay and 

silt content (Table 2.9).  Sample pH ranged from 8.3–8.9 (Table 2.9). 

Table 2.9 Total organic carbon content and pH of sediments sampled at Johns Creek 

Boat Harbour and Entrance Channel dredging area and Western Disposal 

area 

Sample TOC (mg/kg) TOC (%) pH 

JCH1_S 1500 0.15 8.7 

JCH2_S 790 0.079 8.8 

JCH3_S 740 0.074 8.9 

JCH4_S 2400 0.24 8.7 
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Sample TOC (mg/kg) TOC (%) pH 

JCH5_S 2700 0.27 8.6 

JCH6_S 11000 1.1 8.5 

JCH7_S 8900 0.89 8.5 

JCH8_S 12000 1.2 8.4 

JCH9_S 4700 0.47 8.5 

JCH10_S 10000 1.0 8.4 

JCH11_S 13000 1.3 8.4 

JCH12_S 14000 1.4 8.5 

JCH12_0.5–1.0 16000 1.6 8.6 

JCH12_1.0–1.5 13000 1.3 8.5 

Notes: 

1. Refer to Section 1.1 and Figure 1.1 for explanation of sampling areas and sites 

2. TOC = total organic carbon 

3. Blue shading indicates a sample from deep sediment layers (>0.5 m) 

2.6 Hydrocarbons  

Concentrations of most hydrocarbons (TRH, BTEX, PAH, carcinogenic PAH) were below the limit 

of reporting in all samples.  Concentrations of fluoroanthene (a PAH) were at the detection limit 

(0.10 mg/kg, 0.21 mg/kg normalised to 1% TOC) in one sample but remained below the NAGD 

Screening Level (CA 2009) of 10 mg/kg. 

2.7 Organotins 

Organotin concentrations were below the limit of reporting in all Entrance Channel sediments 

(Table 2.10).  TBT concentrations exceeded the ISQG-low (DER 2014) and NAGD Screening 

Level (CA 2009) at one site (JCH9_S, Table 2.10).  The 95% UCL of the dredging area surface 

sediments did not exceed the NAGD Screening Level and the mean concentration did not exceed 

the ISQG-low (Table 2.10).   

 

Elutriate TBT concentration in sample JCH9_S was below the LoR (0.002 µg/L) and therefore 

also ANZECC & ARMCANZ (2000) 95% species protection level (0.006 µg/L).  Comparison to 

99% species protection levels was not possible because the LoR was greater than the guideline. 

Table 2.10 Total organotin concentrations in sediments sampled at the Johns Creek 

Boat Harbour and Entrance Channel dredging area 

Sample TOC MBT DBT TBT Normalised TBT 

Unit % µgSn/kg µgSn/kg µgSn/kg µgSn/kg 

ISQG-low
2
 - - - - 5 

Screening Level
3
 - - - - 9 

ISQG-high
2
/Sediment 

Quality High Value
3
 

- - - - 70 

JCH1_S 0.15 <0.5 <0.5 <0.5 0.13 

JCH2_S 0.079 <0.5 <0.5 <0.5 0.13 

JCH3_S 0.074 <0.5 <0.5 <0.5 0.13 

JCH4_S 0.55 <0.5 <0.5 <0.5 0.05 

JCH5_S 0.27 <0.5 <0.5 <0.5 0.09 

JCH6_S 1.10 <0.5 1.20 0.92 0.84 
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Sample TOC MBT DBT TBT Normalised TBT 

Unit % µgSn/kg µgSn/kg µgSn/kg µgSn/kg 

JCH7_S 0.89 1.60 2.20 0.62 0.70 

JCH8_S 1.20 <0.5 0.72 0.83 0.69 

JCH9_S 0.47 4.50 8.10 7.70 16.38 

JCH10_S 0.97 1.50 3.90 2.67 2.74 

JCH11_S 1.30 0.54 1.50 1.90 1.46 

JCH12_S 1.40 0.72 1.60 1.10 0.79 

JCH12_0.5–1.0 1.60 0.73 1.90 2.20 1.38 

JCH12_1.0–1.5 1.30 1.10 2.10 3.20 2.46 

Boat Harbour and Entrance 

Channel maximum
4
 

1.40 4.50 8.10 7.70 16.38 

Boat Harbour and Entrance 

Channel 95% UCL
4
 

0.96 n/c n/c n/c 6.16 

Boat Harbour and Entrance 

Channel mean
4
 

0.70 n/c 1.61 1.32 2.01 

Notes: 

1. Refer to Section 1.1 and Figure 1.1 for explanation of sampling areas and sites 

2. ISQG = interim sediment quality guideline (DER 2014) 

3. As per CA (2009) 

4. Calculated using surface data only.  Values below the LoR have been halved for calculation of the test statistics 

5. Bold red text indicates 95% UCL or area mean value exceeds ISQG-low (DER 2014) Screening Level, red text 

indicates an individual site exceeded ISQG-low (DER 2014)/NAGD (CA 2009) Screening Level 

6. - indicates no guideline available or analyte not calculable 

7. Triplicate sample results have been average for inclusion in this table 

8. TOC = total organic carbon, MBT = monobutyltin, DBT = dibutyltin, TBT = tributyltin 

9. Blue shading indicates a sample from deep sediment layers (>0.5 m) 

 

TBT degrades by a stepwise process to DBT and MBT (Dowson et al. 1993).  An indication of 

how recent the contamination event is can be determined from the relationship between TBT and 

its breakdown products through a butyltin degradation index (BDI) (Garg et al. 2009), where BDI 

is calculated as: 
 

BDI= 
(DBT+MBT) 

TBT 
 

A BDI of 1.00 for a sample would indicate that half the TBT has broken down into MBT and DBT 

(i.e. TBT in the sediment has reached its half-life).  Studies in Australia and New Zealand have 

estimated the half life of TBT in sediments to be between 2 and 5 years (Batley et al. 1992) but 

this may be in the order of tens of years for TBT in anaerobic sediments (Dowson et al. 1996).  

One site, JCH8_S, had a BDI <1.00 (Table 2.11).  Although this suggests contamination is 

recent, it is possible that the sediments are anaerobic and there has been little degradation of 

TBT into MBT and DBT (Dowson et al. 1993) or a hotspot with recalcitrant paint flakes may have 

been sampled (Dowson et al. 1993).  BDI ≥1.00 at all other sites (Table 2.11). 

Table 2.11 Concentrations of organotins normalised to 1% total organic carbon and 

butyltin degradation index for sediments sampled at the Johns Creek Boat 

Harbour and Entrance Channel dredging area 

Sample TBT (µgSn/kg)
2
 MBT (µgSn/kg)

2 
DBT (µgSn/kg)

2
 BDI

2
 

JCH1_S 0.13
3
 0.13

3
 0.13

3
 2.00 

JCH2_S 0.13
3
 0.13

3
 0.13

3
 2.00 

JCH3_S 0.13
3
 0.13

3
 0.13

3
 2.00 
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JCH4_S 0.05
3
 0.05

3
 0.05

3
 2.00 

JCH5_S 0.09
3
 0.09

3
 0.09

3
 2.00 

JCH6_S 0.84 0.02
3
 1.09 1.33 

JCH7_S 0.70 1.80 2.47 6.13 

JCH8_S 0.69 0.02
3
 0.60 0.90 

JCH9_S 16.38 9.57 17.23 1.64 

JCH10_S 2.74 1.54 4.01 2.03 

JCH11_S 1.46 0.42 1.15 1.07 

JCH12_S 0.79 0.51 1.14 2.11 

JCH12_0.5–1.0 1.38 0.46 1.19 1.20 

JCH12_1.0–1.5 2.46 0.85 1.62 1.00 

Note: 

1. Refer to Section 1.1 and Figure 1.1 for explanation of sampling areas and sites 

2. TBT = tributyltin, MBT = monobutyltin, DBT = dibutyltin 

3. BDI = butyltin degradation index; (MBT+DBT)/TBT 

4. Raw values were below the LoR, therefore half the LoR was used for normalisation (CA 2009) 

5. Bold font indicates BDI<1 

6. Blue shading indicates a sample from deep sediment layers (>0.5 m) 

2.8 QA/QC results 

The RPD statistics were calculated for split samples and RSD for triplicate samples.  Acceptable 

RPD values were dependent upon the concentration of the analyte, and were calculated using 

the following rules:  

 

0–100% RPD when the average concentration is <5 times the LoR 

0–75% RPD when the average concentration is 5 to 10 times the LoR 

0–50% RPD when the average concentration is >10 times the LoR. 

 

Acceptable RSD values were defined as those <50%. 

 

The results of QA/QC analyses are summarised in Table 2.12.  Analytes that are not included 

had concentrations that were below the LoR in all QA/QC samples and the calculation of RPD 

and RSD was not appropriate. 

 

All of QAQC exceedances were between inter-laboratory splits indicating some variability 

between laboratory analysis methods (Table 2.12).  The RSD for TOC, total phosphorous and 

total nitrogen (which are naturally highly variable in sediments) exceeded the ±50% limit 

recommended by the NAGD (CA 2009) in the triplicates collected at site JCH4.  The PSD at 

JCH4 was variable suggesting high small scale (centimetre scale) spatial variability of the 

sediment in this location (Table 2.12). 

Table 2.12 Quality assurance and quality control data for Johns Creek Boat Harbour 

sampling sites 

Site JCH3 JCH10 JCH4 

Test statistic RPD (%) RSD (%) 

Samples a,b a,c b,c S1,2,3 S1,2,3 

Total organic carbon 2.74 29.89 32.56 30.06 53.62 

Arsenic 0.00 28.57 28.57 5.84 4.22 

C
h

ro
m

iu
m

 

VI - - - 11.41 - 

III 6.25 5.88 12.12 6.25 6.03 

Total 6.25 5.88 12.12 6.25 6.03 
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Copper 5.41 0.00 5.41 13.25 48.50 

Lead 23.26 18.18 5.13 1.55 4.54 

Nickel 9.52 0.00 9.52 7.25 5.41 

Zinc 12.77 2.02 10.75 14.69 28.39 

pH  1.13 4.40 5.52 0.00 0.00 

Chromium reducible sulfur 40.00 100.00 66.67 25.31 32.02 

Total nitrogen 34.07 48.82 15.38 7.35 59.24 

Total phosphorus 6.45 35.90 42.11 8.82 80.85 

Notes: 

1. QA/QC = quality assurance/quality control, RPD = relative percent difference, RSD = relative standard deviation, 

LoR = laboratory limit of reporting 

2. Values in red exceed RPD/RSD limited specified by the NAGD (CA 2009) 

3. -not determined because one or more analyte concentrations were below the LoR 

 

Table 2.13 Site JCH4 triplicate sample particle size distribution data 

Category (size) JCH4_S1 JCH4_S2 JCH4_S3 

Total gravel (>2000µm) 4.38 4.49 2.58 

Very coarse sand (1000–2000µm) 0.98 1.24 0.92 

Coarse sand (500–1000µm) 0.64 0.53 0.74 

Medium sand (250 – 500µm) 11.34 16.06 14.54 

Fine sand (125 – 250µm) 64.12 51.94 64.35 

Very fine sand (63 – 125 µm) 0.65 1.18 0.71 

Total sand (63 – 2000 µm) 77.72 70.95 81.25 

Coarse silt (31 – 63 µm) 2.12 3.89 2.48 

Medium silt (16 – 31 µm) 2.71 4.15 2.56 

Fine silt (8 – 16 µm) 2.41 3.04 1.91 

Very fine silt (4 – 8 µm) 2.11 2.63 1.70 

Total Silt % (4–63µm) 9.35 13.71 8.64 

Total clay (0 – 4µm) 8.55 10.84 7.53 
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Position Paper 

Project Number: J17001.3 Project Name: Johns Creek Maintenance dredging 

Date: 3/10/2017 Doc Ref:  Tn-J17001.03-1 

Client: Department of Transport 

Subject: Hydrodynamic and sedimentation assessment 

1 Background 

A volume of 45’000m3 is required to be dredged as part of the maintenance dredging 
program for maintaining the safe navigation in the Johns Creek Channel. To assess the tidal 
currents at the site and the likely impact of the required maintenance dredging on the marine 
benthic habitats, Department of Transport (DoT) commissioned BMT JFA to carry out a 
preliminary hydrodynamic and sedimentation modelling study. This technical note provides a 
brief summary of the methodology, assumptions, limitations and the main outcomes of the 
hydrodynamic and sedimentation modelling.  

 

2 Hydrodynamic model 

BMT JFA’s previously calibrated hydrodynamic model (TUFLOW FV calibrated at Dampier), 
was used for assessing the hydrodynamic conditions during the proposed maintenance 
dredging campaign. 

TUFLOW-FV is a finite-volume hydrodynamic model, developed by BMT WBM, which solves 
the 2D Non-Linear-Shallow-Water-Equations (NLSWE).  By adopting the flexible mesh 
approach the entire large scale area and the high resolution nearshore area are covered in a 
single mesh (TUFLOW FV, 2014). 

The model domain is covering more than 600 km along the coast (from Exmouth to Port 
Hedland) and approximately 425 km offshore. The model mesh was refined at Point Samson 
and Johns Creek to represent the nearshore bathymetrical features at the location of interest. 
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3 Bathymetry data 

The following bathymetry data sets were used to establish the hydrodynamic model 
bathymetry: 

1- Available DoT multi-beam surveys 
2- Geo Science Australia data set( offshore area) 
3- AUS Charts A00055, A00741 
4- Rectified aerial photographs 

 

 
Figure 1: Hydrodynamic model domain, coarse offshore mesh 

4 Hydrodynamic model boundary conditions and validation 

The hydrodynamic model was forced with spatially varying tidal water level trimesters along 
the offshore boundary extracted from TOPEX global tide Model (TPXO 7.2, Egbert and 
Erofeeva, 2002). 

Tidal water level was previously calibrated against four points of measured water level data 
in the Mermaid Sound, Mermaid Strait, Eagle Hawk and South Reef islands (all located west 
side of Dampier Peninsula, distances between the tide gauges up to 30km). The current 
speeds were calibrated against the measured data at two locations within the Mermaid 
Sound (approximately 10km apart). No measured metocean data at Point Samson site was 
made available to BMT JFA during this assessment and therefore the previously calibrated 
model parameterization for Dampier was applied unchanged. For the further details of the 
model parameterization and validation refer to BMT JFA paper (Attachment 1) in 2017 
Australia and New Zealand Coasts and Ports conference (HDF et al., 2017).  
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Figure 2: Nearshore high resolution mesh at the project area  

5 Limitations of the study 

This modelling technical note and the achieved outcomes should be read in conjunction with 
the following study limitations: 

1- Other than DoT’s survey data which covers the navigational channel (and small 
nearshore area), no other nearshore bathymetry survey data was available covering 
the estuaries in the vicinity of the project site.  

a. During the study period BMT JFA contacted city of Karratha and Rio Tinto to 
source out additional bathymetry data which was unsuccessful.  

b. AUS charts were digitised to obtain bathymetrical information for the noted 
areas however significant parts of these area are inter-tidal and on the AUS 
charts marked as shallow un-surveyed area. 

c.  Rectified aerial photos were interpreted to fill the remaining bathymetry data 
gaps. The modelling would benefit from a complete bathymetrical survey of 
the inter-tidal areas in the vicinity of the project site.However the likely impact 
of the additional bathymetry data on the overall current filed of is envisaged to 
be insignificant.   

2- No measured metocean and background sedimentation (suspended or bed load) 
data at the project site was available for the model calibration and validation of the 
model. The parameterization of our previous calibrated hydrodynamic model at 
Dampier (refer to section  4) was adopted for this assessment. 

3- The assessment only includes the release of dredged material at the disposal area. 
The disturbance of the bed material at the dredge cutter head will suspend some 
sediments which are mostly collected by the dredge suction pipe and pumped to the 
disposal area. No residual suspended sediment due to the dredge disturbance was 
included at the dredge cutter head in the modelling scenarios. 

4- The scope of this study is limited to assessment of the tidal currents (which are cyclic 
and predictable with a high level of confidence). Other oceanographic forcing 
mechanisms (wind, waves, oceanic currents ,etc.) have not been applied to the 
model.  
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6 Modelling scenario 

 The following parameters/inputs were adopted for the dredge plume simulations: 

Table  6-1: Dredge plume model operational inputs 

Parameter Value unit 

Dredging volume 45,000 m3 

Production rate 60 m3/hr 

Operating days per week 6 days/week 

Dredging hours per day 8  hour 

Ratio of solid to the water discharge( by volume) 7 % 

The hydrodynamic model was run for 100 days to replicate the proposed dredging duration 
(including two days model warm up and 4 days after dredging completion). The simulated 
hydrodynamic period covers approximately seven full typical tidal cycles (approximately 14 
days each) including neap and spring tides. 

The sediment transport module (excluding the morphological update of bathymetry) was 
adopted for simulating the dredge disposal settlement and dispersion due to the tidal 
currents. The discharge of dredged sediments is simulated by release of dredged material as 
a point source at the proposed disposal area shown in Figure 3. 

 

 
Figure 3 : Proposed disposal location demonstrating the hydrodynamic model mesh overlayed 
on the aerial photo (Source: DoT) 
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6.1 Dredged material characteristics 

A representative  particle size distribution of the  material to be dredged was developed from 
the sediment sampling report (BMT Oceanica, 2016). The sediment sampling demonstrated 
that 70% of the bed material at the Point Samson Channel is sand. The remaining portion of 
sediment consists of 16% silt and 14% clay. Three particle fractions of sand, silt and clay 
were simulated to assess the settlement and dispersion of dredge disposal and estimate the 
sedimentation rate due to the proposed maintenance dredging. The portion of each particle 
size fraction was obtained from the averaged sediment sampling data for each sediment type 
(Table  6-2). The settling velocity for each of particle fraction applied in the numerical 
modelling is also tabulated in Table  6-2. 

 

Table  6-2: Composition of dredged material  

Sediment type Grain Size  Dredge material 
composition (%) 

Settling velocity 
(m/sec) 

Sand >63 m 70 0.01 

Silt 4-63 m 16 0.001 

Clay 0-4 m 14 0.0001 
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7 Model outcomes and observations 

The current rose of the model results at the proposed disposal site over the dredging 
campaign period is presented in Figure 4 demonstrating that the dominant tidal current 
direction at this point is east to west during flooding tides and west to east during ebbing 
tides. The simulated current and water level time series at the proposed disposal site are 
presented in Figure 5. As shown the proposed disposal site is located at an inter-tidal area 
where tidal currents are relatively strong (up to 25 cm/sec). 

 
Figure 4: Current rose at the proposed disposal point over the maintenance dredging 
campaign period  
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Figure 5: Hydrodynamic model results at the proposed disposal site 
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Figure 6 demonstrates the averaged sedimentation rate over the maintenance dredging 
campaign (94 days). The average sedimentation rate exceeds the 200mg/cm2/day (trigger 
sedimentation rate for inverse impact on the corals and benthic habitats) only in the area 
within the close proximity of the proposed disposal site (approximately an area by a radius of 
150m). Most of the dredge disposal materials are settled within a short time frame at the 
proposed disposal site(less than one hour). 

 

The modelling results also demonstrated that the total suspended solids (TSS) released at 
the dredge disposal site is reduced to the below TSS 5 mg/l on daily basis (few hours after 
end of the day dredging work, the time varies in the neap and spring tides).  

 

 
Figure 6: Averaged sedimentation rate over the required maintenance dredging campaign 
(mg/cm2/day)
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Abstract 
Most coastal and maritime asset managers recognise that the superior metocean hindcasting of historical 
extreme events is the hallmark of numerical models which are used to make better decisions, particularly in 
areas prone to extreme tropical cyclones. Successful hindcasting of the complex meteorological cyclonic 
phenomenon not only enables detailed review of the rapidly changing cyclonic metocean conditions at the 
site during the event, but also demonstrates the suitability of the modelling framework and parameterisation 
to confidently supplement the ongoing metocean data collection, and fills in the data gaps where required. 
 
To obtain an in depth understanding of the waves and currents experienced during Tropical Cyclone 
(TC) Olwyn (8-14 March 2015) in Dampier Archipelago, a detailed wave and hydrodynamic modelling was 
established. A nested SWAN wave model was set up to simulate the propagation of cyclonic waves. The 
domain of the large scale model covers approximately 850km along the coast and 660km offshore. A 
TUFLOW FV hydrodynamic finite volume model was established to investigate the current speed and storm 
surge in the Mermaid Sound and Strait.   
 
The eye of TC Olwyn passed approximately 100km west of Barrow Island (250km west of Dampier) 
remaining as a Category 3 Cyclone and hit the coast between Denham and Carnarvon. Although the cyclone 
is not considered a direct hit for the maritime facilities located in Mermaid Sound and Strait, it caused a 
significant increase of the wave heights and currents inside the Mermaid Sound. 
 
The paper outlines the details of the applied modelling frame work including the calibration process of, wave 
and hydrodynamic models to the available measured metocean data sets in a complex morphological 
environment of Dampier Archipelago during TC Olwyn. The particular findings in the calibration process 
including the significance of investigation on two dimensional spectral data are presented. The improved 
understanding of the spatial variability of the waves and currents experienced within Mermaid Sound during 
TC Olwyn supplementing the limited available measured data is presented in the paper. 
Keywords: Hindcast, TC Olwyn, SWAN, Spectral, TUFLOW FV hydrodynamic model, Calibration 
 
1. Introduction 
BMT JFA was commissioned to review and 
establish the metocean design criteria applicable 
to the design of a number of maritime 
infrastructures at Mermaid Sound and Mermaid 
Straight. To investigate the cyclonic metocean 
conditions at Mermaid Sound, a detailed wave and 
hydrodynamic model was established. In the first 
stage of the study, the available measured data for 
TC Olwyn was provided to BMT JFA for calibration 
of wind, wave and hydrodynamic models and 
subsequently the models applied to supplement 
the measured data. This paper presents the 
modelling approach adopted for hindcasting the 
oceanographic conditions during TC Olwyn and 
assessment of the capabilities of the modelling 
frame work in replicating the physical processes 
under rapidly changing weather conditions. 
  
2. Area description 
Dampier Archipelago is a chain of 42 islands, islets 
and rocks located in North West Australia which is 
approximately 200km west of Port Hedland and 
20km west of City of Karratha (Figure 1).  
Penetrating waves into the southern end of 
Mermaid Sound are restricted by a relatively 
narrow directional sector from the north. Mermaid 
Strait is relatively sheltered by Lewis Island and 

Enderby Island from the north but is more open to 
the easterly events. Several important maritime 
facilities are located within Mermaid Sound and 
therefore, understanding the propagation of waves 
and currents during the cyclones and their 
interactions with the complex bathymetrical 
features at the site is of special interest. 
 
3. Track of TC Olwyn 
The Bureau of Meteorology (BoM) recorded track 
of TC Olwyn is illustrated in Figure 2[1]. TC Olwyn 
became a Category 3 Cyclone at 12 March 2015 
5:00 PM when the eye of the cyclone was 
approximately 100km west of Barrow Island. The 
cyclone remained as Category 3 and continued its 
track southward along the coastline to Carnarvon. 
The double Holland model blended with CFSR2 
synoptic winds [2] was applied to hindcast the 
cyclonic wind field and calibrated to the measured 
BoM Data at several stations [3]. The calibration of 
cyclonic wind model is a multi criteria analysis 
which is normally carried out over a larger area 
(few hundred kms) covering several BoM stations. 
Various statistical model skills can be calculated 
for each of the wind stations located in the domain, 
however the lower averaged (unweighted) skill 
may not represent the most adequate 
parameterisation (to be used in wave modelling). 
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The local duration of high sustained wind is one of 
the important criteria which must be considered in 
selecting the best cyclonic wind model calibration. 
It is recommended that a sensitivity analysis be 
carried out on a selected number of best matched 
wind fields using the cyclonic wave model to 
ensure that the wind input is suitable to propagate 
the local cyclonic waves. Calibration of the wind 
field is not the focus of this paper and is not 
discussed here (the author may be contacted for 
further information). The hindcast wind data set 
was used as the boundary condition for both wave 
and hydrodynamic models. 
 

 
Figure 1: A00415-Cape Leveque to North West Cape 

 
Figure 2: Recorded track of TC Olwyn 11-13 March 2015  

 
4. Wave modelling 
The SWAN wave model, which is a third 
generation spectral wave model, was used to 
simulate the wave propagation during TC Olwyn 
[4]. SWAN wave model is based on the wave 
action balance equation with sources and sinks 
and can be used on any scale relevant for wind 
generated surface gravity waves [5]. Resolving 
wind waves propagating from far offshore deep 
water to nearshore shallow water at a large scale 
requires local refinement of the grid near the coast. 
This was achieved by employing a nesting 
approach. The resolution of the model is increased 

from offshore to nearshore by applying three 
nested (stepped) grids. 

4.1 Wave Model Domain  
In order to appropriately simulate the propagation 
of cyclonic waves from all potential directions, the 
domain of the large scale model (A-grid shown in 
Figure 3) covers 6.18° along the shore and 3.66° 
offshore (approximately 850X660 km). In order to 
simulate the impact of the relatively small 
nearshore features and the rapid change of the 
depth near the coast, two other nested grids were 
established as shown in Figure 4 and Figure 5 (B 
and C grids). The domain size and the model 
resolution of each nest are outlined in Table  4-1. 
 
Table  4-1: The Domain of the Nested Grids 

Model 
description 

Model 
length 

Model 
width 

Model 
resolution 

Large scale  
(A-grid) 

6.181° 3.665° 0.03° 

Intermediate  
(B-grid) 

1.00° 0.75° 0.005° 

High resolution,  
(C-grid) 

0.42° 0.33° 0.0012° 

 
  

 
Figure 3: Large Scale (A-grid) SWAN model bathymetry, 
red rectangle illustrates the domain of the nested 
intermediate model (B-grid) 

 

 
Figure 4: Intermediate model (B-grid) SWAN model 
bathymetry, red rectangle illustrates the domain of the 
nested high resolution nearshore grid (C-grid) 
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Figure 5: High resolution nearshore SWAN wave 
bathymetry (C-grid), showing the navigational channels 
and mooring sites and location of Malus, East Lewis and 
East Intercourse Island 

4.2 Wave Model Calibration 

Having a reliable continuous record of the 
metocean conditions at different locations during 
cyclonic conditions is rarely achieved due to failure 
of instrument recording or/and unsuitable settings 
for resolving the very energetic sea states. TC 
Olwyn was one of the rare cyclones for which a 
comprehensive continuous metocean data set is 
available at Dampier and therefore is a suitable 
cyclone for assessing the predictive capabilities 
and performance of the modelling framework. 
 
Review of the available measured data 
demonstrated that the most suitable wave data to 
calibrate the wave model for TC Olwyn are the 
data measured by two AWACs at Beacon 2 and 
Beacon 10 . The location of the instruments used 
for wave and hydrodynamic model calibration are 
shown in Figure 6; green points are the directional 
wave instruments and the red points are the tide 
gauges which were used in calibration of water 
levels in the hydrodynamic model. The calibration 
points for wave model (Beacon 2 and 10) are 
approximately 10km apart. 

 
Figure 6: Location of instruments (green points are wave 
instruments and red points are tide gauge data)  

To achieve the best possible calibration, a 
comprehensive sensitivity analysis was carried out 
on a number of major adjustable parameters which 
are sensitive to local environmental factors 
including bed friction, water level, quadruplet 
interaction and white capping.  The sensitivity 

analysis demonstrated that during TC Olwyn the 
waves at the measured sites were not sensitive to 
the water level variation (tide and surge).  The 
presented results of the wave model are based on 
the constant water level +1m AHD during the 
cyclone. The wave model calibration process 
demonstrated the importance of the local 
hindcasted cyclonic winds in the vicinity of the area 
of interest. 
 
The modelled significant wave heights (Hs) and 
peak wave directions at Beacon 2 are in excellent 
agreement with the measured data during the 
cyclone (Figure 7). However, the modelled peak 
wave period after the peak of the cyclone shows a 
sudden change which suggests that the wave 
energy spectra at this time has a bimodal shape 
and the peak energy (of relatively similar 
magnitude) presents in two distinct frequencies. To 
check the above hypothesis the model results 
were also compared with the measured data at 
Nav Aid#9 (Location shown in Figure 6). 
Nav Aid#9 is less than 1.5km away from the 
Beacon2 and is a Directional Wave Rider buoy (no 
current measurement). Figure 8 demonstrates that 
the model results are in good agreement with the 
measured data at Nav Aid#9. The measured data 
at Nav Aid#9 confirmed the presence of peak 
energy in a lower frequency (10sec) compared to 
the data measured at Beacon 2 (showing peak 
energy at approximately 6sec). The measured raw 
spectral data was not available to BMT JFA for 
review and confirmation of the bimodality of the 
spectra at the site. However, the measured 
processed sea and swell data at Beacon 2 
confirms the presence of the significant wave 
energy in approximately 10sec period. Detailed 
investigation on the spectral outputs of the model 
at Beacon 2 also confirmed the bimodality of the 
modelled spectra during the peak of cyclone 
(Figure 9), demonstrating the predominant wave 
energy during the peak of the storm has 
approximately 0.1 Hz frequency (10sec period). 
 
The presence of peak energy in higher periods is 
important in the design of maritime structures and 
therefore it is essential to ensure that the adopted 
modelling framework is capable of representing the 
actual oceanographic conditions. To ensure that 
the wave propagation parameterisation in the wave 
model is capable of replicating the oceanic 
physical processes, it is recommended to pay 
special attention to 2D measured spectral data. 
Where sufficient 2D spectral data is available (for 
both boundary conditions and model calibration), a 
2D spectral calibration of wave energy provides a 
higher level of confidence than the conventional 
calibration methods (calibrating the wave height 
and period time series) [8]. 
 
The results were also in good agreement with the 
cyclonic conditions measured at Beacon 10 which 
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is about 10km further inside Mermaid Sound 
(Figure 10). 
 
The high level of calibration achieved at three 
different locations under rapidly changing weather 
conditions demonstrated the capability of the 
adopted modelling framework as a predictive tool 
to hindcast and provide insight into the wave 
conditions in Mermaid Sound during cyclonic 
events. 

 
Figure 7: Wave Model Calibration to Measured Data at 
Beacon 2 

 
Figure 8: Wave Model Calibration to Measured Data 
Nav Aid#9 (App1.5km south east of the Beacon 2) 

 
Figure 9: 2D Spectra of model result at 12/03/2015 
18:00 at Beacon 2 demonstrating the bimodality of the 
spectra 

 
Figure 10: Wave Model Calibration to Measured Data at 
BN10 

5. Observation of Hindcasted waves at 
Dampier during TC Olwyn 

Once the performance of the model was 
confirmed, the calibrated model was used to 
investigate the wave conditions at Dampier 
Archipelago during TC Olwyn. Figure 11 illustrates 
the large scale hindcasted wave conditions at 
12 March 2015, 1:00PM which resulted in the 
highest wave height in Mermaid Sound.  As 
shown, the eye of the cyclone at this time is 
located north of Barrow Island. The cyclone was 
travelling in a south-south west direction and 
therefore is not considered a direct hit for the 
Dampier area. The passing tail of the cyclone was 
strong enough to generate up to 5m Hs at the 
entrance of the Mermaid Sound (as shown in 
Figure 12). The peak wave direction at the 
entrance of Mermaid Sound (offshore from 
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Legendre Island) was slightly oblique to the 
Mermaid Sound, preventing direct penetration of 
the wave energy. Legendre Island and the 
surrounding shallow bathymetrical features 
blocked a large part of the incident offshore wave 
energy.  It is envisaged that a slight change of the 
cyclonic wind field (e.g. changes in timing, heading 
or/and track) during TC Olwyn could have 
potentially resulted in significantly higher wave 
heights inside Mermaid Sound. Figure 13 shows 
the result of the nearshore high resolution wave 
model and the wave penetration pattern into 
Mermaid Sound. As shown, Hs of  up  to  3m  
occurred in the middle of the Sound (past Malus 
Island). Hs of up to 2m was experienced in the 
southern end of Mermaid Sound in the vicinity of 
Lodge Point (the eastern corner of East 
Intercourse Island). The locations of the above 
noted islands were illustrated in Figure 5. 
 
 

 
Figure 11: Large Scale model results (A-grid), cyclonic 
wave hindcast for TC Olwyn (12 March 2015, 1:00PM 
when the maxium wave height occurred at Dampier) 

 
 
 

 
Figure 12: Intermediate model results (B-grid), cycloinc 
wave hindcast for TC Olwyn (12 March 2015, 1:00PM 
when the maxium wave height occurred at Dampier) 

 

 
Figure 13: High resolution wave model results (C-grid), 
cyclonic wave hindcast for TC Olwyn (12 March 2015, 
1:00PM when the maximum wave height occurred at 
Dampier) 

6. Hydrodynamic modelling 
TUFLOW FV model which is a flexible mesh model 
was used to simulate the hydrodynamic conditions 
during TC Olwyn including current speeds (both 
tidal and cyclonic) and storm surge due to the 
passing cyclones. TUFLOW FV is a finite-volume 
hydrodynamic model, which solves the 2D Non-
Linear-Shallow-Water-Equations (NLSWE). By 
adopting the flexible mesh approach, the entire 
large scale area and the high resolution nearshore 
area are covered in a single mesh [6]. 

6.1 Hydrodynamic model Domain and 
Boundary Conditions 

The modelling mesh established for the 
hydrodynamic modelling is almost a semi circular 
mesh covering more than 600 km along the coast 
and approximately 425 km offshore of Dampier 
(Figure 14). The relatively large extent of the 
model is to ensure that the model domain is 
suitable to replicate the large scale storm surge 
due to the passing cyclones (considering the 
variability of cyclone tracks).  This is essential for 
developing the design conditions in the next stage 
of the study which will consist of running several 
synthetic cyclones (to allow for all the potential 
cyclonic tracks). 
 
The utilised mesh for this study is a curve shaped 
(approximately a semi-circular shape) to reduce 
the unnecessary computations in the corner of a 
rectangular grid/mesh and optimise the 
computational time. The resolution of the mesh 
increases gradually from the offshore boundary 
toward the nearshore points of interest, ensuring 
that the nearshore resolution is adequate to 
resolve the nearshore hydrodynamics and capture 
the relatively small shallow water features in the 
vicinity of the project area. 
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Figure 14: The TUFLOW FV Flexible Mesh domain 

6.2 Hydrodynamic model boundary 
conditions 

The hydrodynamic model was forced with tidal 
water levels at the offshore boundary and the 
cyclonic wind field covering the entire domain.  
Water-level time-series boundary conditions were 
extracted at each of the nodes along the boundary 
cell string of the mesh from the TOPEX global tide 
model [7]. The same cyclonic wind speed field 
which was adopted in the SWAN modelling was 
used for simulating the storm surge and current 
speeds due to the cyclonic wind/ pressure [3].  The 
calibrated cyclonic wind pressure field was used as 
the pressure boundary condition over the entire 
hydrodynamic model domain. 
 
6.3 Hydrodynamic model calibration 
Beacon 2 and Beacon 10 measured current data 
during TC Olwyn were used for calibration of the 
current speeds and directions in the hydrodynamic 
model.  The water level measurement data at the 
same instruments was not available for the 
calibration of modelled water levels (at the same 
locations of available current measurement) 
however; sufficient water level data was available 
at other nearby tide gauges within the Dampier 
Archipelago area to calibrate the modelled water 
levels.  
 
Figure 15 and Figure 16 illustrate the model results 
and measured data at Beacon 2 and Beacon 10 
before and during TC Olwyn.  The depth averaged 
model results successfully replicated the tidal 
currents and changes in the direction during 
flooding and ebbing tides.  The increase of the 
depth averaged current speed and changes of the 
directionality during the cyclone have been 
represented by the model results (12 March 2015, 
12:00PM) at both calibration points. 
 
6.4 Storm surge calibration  
The model water levels have been validated 
against the measured data at four tide gauges in 
the vicinity of the project area (Figure 17). 

 
Figure 15: Measured and depth average modelled 
currents at Beacon 2 

 
Figure 16: Measured and depth average modelled 
currents at Beacon 10 

Two of the selected calibration points are in 
Mermaid Straight (South Reef and Eagle Hawk 
tide gauges) and two of them are located in 
Mermaid Sound (King Bay and Fairway tide 
gauges). The tide gauges cover a wide area, with 
a maximum distance of approximately 30km 
between Kingbay and Eagle Hawk tide gauges as 
illustrated in Figure 6. The adopted modelling 
framework was able to represent the water level 
well over the relatively large area (where 
instruments were available to assess the model 
performance). During TC Olwyn a  surge  level  of  
approximately 0.5m was observed in Mermaid 
Sound measured data (by subtracting the 
predicted tide). Figure 17 illustrates that the surge 
levels at all four locations is represented by the 
numerical model demonstrating the capability of 
the adopted modelling framework for simulating 
both tidal and barometric pressures and wind 
impacts on the hydrodynamic conditions. The 
calibrated model was used to fill in the missing 
water level data at Fairway Beacon, Beacon 2 and 
Beacon 10. 
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Figure 17: Calibration of the Hydrodynamic Model Water 
Levels and Replicating the Storm Surge 

7. Hindcasted currents at Dampier during 
TC Olwyn 

The calibrated hydrodynamic model was 
subsequently used to investigate hydrodynamics at 
different spatial locations in and around Mermaid 
Sound, supplementing the available point 
measurement data. Figure 18 illustrates a 
snapshot of spatial results of the calibrated 
hydrodynamic model at the project site at 
12 March 2015 12:30PM when the peak currents 
occurred in Mermaid Strait. The model results 
show that the current speed in Mermaid Strait, 
south of East Lewis Island was significantly higher 
than the currents in Mermaid Sound and 
surrounding areas. 
 
8. Summary  
The study demonstrated a satisfactory application 
of a numerical modelling framework in an area of 
complex morphological features and under rapidly 
changing cyclonic conditions to supplement the 
measured data, fill in the data gaps and improve 
the understanding of the spatial variability of the 
metocean conditions. Establishing such a 
modelling framework can be a useful tool in spatial 
extrapolation of ongoing metocean data collection 
particularly when instruments fail to record or 
resolve extreme metocean conditions. 
 
The calibration process showed that the local 
shape and duration of the sustained peak wind in 
the vicinity of the area of interest is a crucial factor 

to adequately represent wave propagation in the 
numerical model and therefore this should be 
carefully considered during calibration of the 
hindcasted nearshore wind fields for cyclonic 
conditions.  

 Figure 18: Snapshot of depth averaged current speed in 
Mermaid Sound during TC Olwyn 12 March 2015, 
12:30PM 

The investigation demonstrated a substantial 
difference in the peak wave period measured by 
two instruments which are approximately 1.5km 
apart (relatively similar depth). It was identified that 
the bimodal nature of the spectra may have 
resulted in the observed difference in the 
measured peak wave periods. Further detailed 
investigation on the raw measured spectral data is 
required to completely understand the reason of 
observed difference. Due to the significance of 
peak wave period in metocean design applications, 
where the spectral measured data is available, it is 
recommended to take into account details of 2D 
spectra ensuring that not only the modelling 
parameterisation is capable of replicating the 
distribution of wave energy in both frequency and 
direction domains but also informing downstream 
users adequately about the wave climate. 
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