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Executive Summary 

The Department of Defence (DoD) are proposing to expand their facilities within the HMAS Coonawarra 

harbour basin to accommodate new Arafura Class Offshore Patrol Vessels (ACOPV) being delivered to the 

Royal Australian Navy (RAN) under the SEA1180 project, plus a new navy vessel class currently being designed. 

This expansion requires deepening of the HMAS Coonawarra basin by dredging for safe all-tide access by these 

deeper draft vessels. 

The currently planned development (referenced herein as ‘the current NCIS-5 works’) involves this deepening 

plus the provision of a quay line pontoons in front of the Fremantle Wharf. Further options for expansion 

within the eastern area of the HMAS Coonawarra basin have also been considered.  

The dredging is proposed to be carried out in two stages to account for the varying hardness of the bed 

material types expected to be encountered within the dredge area: 

• Stage 1 – hydraulic dredging of soft to medium strength (‘transitional’) clayey and sandy materials using a 
small cutter suction dredge (CSD), with disposal via discharge within the Naval area of Darwin Harbour (at 
a release point approximately 300 m south west from the existing HMAS Coonawarra western 
breakwater); and 

• Stage 2 – mechanical dredging of hard material (hard clays and weathered rock) using a large backhoe 
dredge (BHD) with removal of this dredged material cuttings offsite via barge. This material is expected in 
localised areas within the basin. 

This staged approach will apply to both this proposed NCIS-5 dredging, as well as dredging to facilitate any 

future eastern wharf expansions. 

To support the impact assessment process for this development, the dispersion and settling of the proportion 

of the dredged material that is released into Darwin Harbour has been studied using the Delft3D 

hydrodynamic and sediment transport computer modelling package. A two-dimensional (depth-averaged) 

hydrodynamic model was developed in the ‘Eulerian’ Delft3D-FLOW modelling package, with suspended 

sediments modelled using the ‘Lagrangian’ ‘random walk’ particle tracking module, Delft3D-PART. 

Several key sources of information were used in development of this model including: 

• Site-specific bathymetric survey data; 

• Site-specific Acoustic Doppler Current Profiler (ADCP) data; 

• Site-specific geotechnical and sediment characteristics data; and 

• Historic dredge monitoring information. 

The hydrodynamics modelling underwent a process of calibration and validation against site-specific ADCP 

current data and water level recordings at nearby Darwin (Fort Hill) tide station. 

The dredging for each option was modelled over a representative one-month period in order to capture two 

full spring and neap tidal cycles. 

Broadly, the currents are unchanged as a result of the proposed dredging works, dominated mainly by the 

tides. 

In total, 12 scenarios were modelled using Delft-PART, covering various combinations of dredge types, 

turbidity sources & locations and seasonal wind conditions to predict the suspended sediment concentrations 

above background. Multiple sediment sources were input into the model to simulate the various coincident 

dredging and dredged material disposal activities. 
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The modelling of the NCIS-5 current works development provided an overall understanding of the areas of 

impact of the proposed dredging on the Darwin Harbour region. ‘Tide Only’ (No wind) scenarios provide a 

conservative estimate of the plume extents, showing the maximum impact is associated with the release of 

dredged sediments into the nearshore areas adjacent to the harbour. 

Far-field cutter suction dredging (CSD) sourced plume simulations indicate areas with dredging related 

suspended sediment concentrations in excess of 10 mg/L (0.01 kg/m3) above background are predicted to 

extend up to approximately 5 km from the nearshore dredge material discharge location and up to 20 mg/L 

typically less than 2 km from the same location. The areas impacted by these elevated suspended sediment 

concentrations is confined to a narrow cross section, governed mostly by the strong tidal currents. This extent 

is generally consistent with observed past CSD maintenance dredging operations at HMAS Coonawarra. 

Modelling of the backhoe dredging scenarios indicates that the areas of elevated suspended sediment 

concentrations will largely be contained within the HMAS Coonawarra harbour basin. 

The modelled sediment plumes from the basin dredging were also found to be similar to the modelled plumes 

from the proposed Future Eastern Wharf dredging. This dredging might be undertaken several years after the 

NCIS-5 works. 

The fate of the plumes was assessed separately based on bed shear stress analysis. High bed shear stresses 

were observed at the site. As such, it is unlikely that a significant proportion of released dredge material will 

reside close to the discharge location, instead being quickly transported and dispersed throughout Darwin 

Harbour or transported out of the harbour with the normal natural sedimentation processes. 
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1 Introduction 

1.1 PROJECT OVERVIEW 

HMAS Coonawarra, a part of Larrakeyah Barracks, is located approximately 2 km north-west of 

Darwin city centre. The locality of the site is shown in Figure 1.1. The HMAS Coonawarra ‘basin’ is 

bound to the north and west by a land-backed rock revetment wall, and to the east and south 

partially by a rock armoured sea wall and breakwater as shown in Figure 1.2. 

Within the basin, two wharves run in a north-west to south-east alignment to allow vessels to 

berth: 

• Attack Wharf located in the north-west area of the basin and; 

• Fremantle Wharf in the south-west area. 

The Department of Defence (DoD) are proposing to expand upgrade these facilities within the 

HMAS Coonawarra basin to accommodate the new Arafura Class Offshore Patrol Vessels (ACOPV) 

being delivered for the Royal Australian Navy (RAN) under the NCIS-5 project and visits by another 

new navy vessel class. The proposed upgrade works will require dredging within the HMAS 

Coonawarra basin to facilitate the safe navigational access and manoeuvring of the larger vessels 

within the basin. 

Several upgrade options were considered in the Concept Design Report (CDR) phase of the project, 

and subsequent design addendum (CDR-A2) which assessed several development scenarios for the 

existing HMAS Coonawarra basin. Three key options were progressed, two of which included the 

potential development of a new wharf in the eastern area of the HMAS Coonawarra basin in an 

effort to expand the berthing capability and improve safe navigational access within the basin. 

These key options investigated included: 

• ‘Option 4’: deepening of the HMAS Coonawarra basin, plus the provision of a quay line 

pontoon in front of the Fremantle Wharf; 

• ‘Option 6B’: deepening of the HMAS Coonawarra basin, plus the provision of a new eastern 

wharf, comprising a floating wharf, located between the existing Synchrolift and the eastern 

breakwater; and 

• ‘Option 6C’: deepening of the HMAS Coonawarra basin, plus the provision of a new eastern 

wharf, comprising a fixed wharf with a nominally 8 m wide frontal pontoon, located between 

the existing Synchrolift and a relocated eastern breakwater to expand the available area within 

the basin. 

The development option being carried forward is the proposed ‘Option 4’ development 

(referenced herein as the ‘NCIS-5 current works’). Options 6B and 6C were not considered further 

for the current development, however the option for future development of the eastern basin as 

part of a future project remains a possibility. 

Consideration of a future eastern wharf development within the HMAS Coonawarra basin has 

therefore also been investigated and discussed as part of this dredging assessment. 
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Figure 1.1 HMAS Coonawarra Location 



Dredging Modelling 
 

 PED752-005-TD-EV-REP-0005 Rev. 1 | 9 February 2022 | Page 3 

 

Figure 1.2 HMAS Coonawarra Basin – Existing Layout
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1.2 DREDGING REQUIREMENT 

1.2.1 Current works – NCIS-5 project dredging 

The HMAS Coonawarra basin is currently maintained to a bed level of -9.100 mAHD 

(4.995 mLAT). This provides a minimum navigational water depth of approximately 4.5 m at all 

levels of the tidal range for the existing range of vessels homeported within the basin. 

Department of Defence plans to accommodate the ACOPV (Arafura Class Offshore Patrol Vessel) 

within the basin. The presently maintained levels are insufficient to provide all tide access for 

these vessels, hence dredging is required to increase the navigational depth of the basin. 

The NCIS-5 development (‘Option 4’) is currently proposed for delivery, with a separate eastern 

wharf development included in the assessment for consideration as part of future expansion plans 

if desired (See Section 1.3.2). 

The design dredge depth for the current NCIS-5 dredging works is RL –9.8 mAHD (RL –5.7 mLAT). 

This is based on a draft of 4.5 m to the underside of the design vessel propeller plus a total under 

keel clearance of 1.2 m (1.0 m navigation clearance and 0.2 m siltation allowance). 

The dredging layout associated with the ‘Option 4’ NCIS-5 upgrade of the Fremantle Wharf is 

provided in Figure 1.3 (area shown in blue). 

1.2.2 Future Eastern Wharf Dredging 

There is pressure to be able to accommodate more and larger vessels at HMAS Coonawarra, hence 

a number of proposals for additional wharf infrastructure and increased navigable area have been 

examined with a view of expanding the basin’s capability and capacity. The basin is presently 

constrained with a limited water area and existing infrastructure. Expanding the capacity would 

necessarily require the development of the eastern area of the basin.  

Examples of potential future developments being considered include the provision of additional 

wharf frontage and navigable area to accommodate the homeporting of the ACOPVs and other 

new navy vessels currently being designed. Two of the options developed to date as part of the 

concept design addendum (CDR-A2) involve new wharves with associated dredging in the eastern 

area. 

Such future developments would see the enlargement of the harbour navigational area between 

the Synchrolift and relocation of the eastern breakwater to the east. This future arrangement may 

vary subject to user requirements but is based on the present understanding of future harbour 

capability and options for expansion. This would be done as a separate project, anticipated to be 

undertaken at least two to three years after the current NCIS-5 works which are the immediate 

priority. 

Such future development would require dredging for a new wharf facility to a design dredge depth 

of RL –9.8 mAHD (RL –5.7 mLAT) to the east of the existing Synchrolift facility, with the option to 

relocate the eastern breakwater. The relocated breakwater may require dredging to remove 

unsuitable material from the foundations of the new breakwater will also be required as part of 

these works. The additional dredging envelope anticipated for the future development of a new 

wharf in the eastern area of the basin is shown in Figure 1.3 (area shown in brown). 
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Figure 1.3 Current NCIS-5 and future eastern wharf dredge areas
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2 Background 

2.1 DREDGING IN DARWIN 

There are a number past dredging and dredge disposal activities that have occurred in Darwin 

Harbour, several of which are comparable to the proposed dredging works at HMAS Coonawarra.  

Locally specific information from a number of these known past dredging campaigns was a 

reviewed to provide guidance on typical dredging methods used in Darwin Harbour. 

Local dredging context 

Periodic maintenance dredging activities are known to occur in areas like the Darwin Marine 

Supply Base (MSB), Fort Hill Wharf and East Arm wharf. Maintenance requirements for these sites 

are typically in the order of 10,000 m3 per campaign. These activities fall under the Darwin Port 

Long Term Dredging Management Plan (AECOM 2018). Darwin Port maintenance dredging is 

typical done by cutter suction dredge (CSD) with a combination of onshore disposal into the East 

Arm bunds or discharge in the harbour.  

The MSB also underwent capital works involving the dredging of approximately 685,000 m3 of 

material to develop an approach channel, swing basin and berth. Material comprised of hard rock 

and residual materials, with material brought on land for disposal as part of a broader reclamation 

project. 

Another past dredge activity in Darwin Harbour was the INPEX dredging at Blaydin Point for the 

Ichthys LNG facility port. The initial capital dredging campaign involved the removal of about 

16 million cubic metres (Mm3) of fine clay, silt, sand and hard rock material. Further maintenance 

dredging under the Dredging and Spoil Disposal Management Plan (DSDMP) removed about 

1.5 Mm3 of material to a designated offshore dredge material disposal site within Beagle Gulf. 

The reported impacts of these dredging and disposal activities, as far as is known, have been minor 

based on past monitoring and reporting. 

History of HMAS Coonawarra dredging 

Several dredging campaigns have been undertaken to develop and maintain the HMAS 

Coonawarra harbour basin to its current design levels. A summary of the dredging history at the 

site is provided in Table 2.1. 

Table 2.1 Dredging history of HMAS Coonawarra harbour basin (GHD, 2012) 

Year  Description of dredging activities 

1980–
1982 

Dredging of the original harbour basin area with the discharge of all dredged material onto a 
reclaimed part of the site. 

1993 Maintenance dredging was undertaken within the area beneath the Synchrolift, with all 
dredged material disposed at sea on the western side of the reclaimed area on ebb tides. 

1999 Approximately of 80,000 m3 of material was dredged from the harbour basin with disposal of all 
dredged material at sea within Darwin Harbour. 

2006 Approximately 35,000 m3 of material was dredged from the centre of the harbour basin, 
including areas beneath the Synchrolift, with the discharge of all material via submerged 
pipeline to a disposal site approximately 360 m offshore. 

2011 Approximately 500 m3 of material was relocated by bed levelling to a location immediately 
outside the entrance to the harbour basin. 

2013 Approximately 39,000 m3 of material was dredged by a medium size 675hp Cutter Suction 
Dredge (CSD) with a 400 mm diameter pipe, from the harbour basin and pumped to a sea 
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Year  Description of dredging activities 

disposal discharge point located approximately 300 m from the southern breakwater of the 
harbour basin. 

2015 Approximately 3,000 m3 of material which had accumulated underneath the Synchrolift was 
dredged by CSD and placed on land within a purpose built temporary dredge material 
rehandling pond. 

The most recent campaign in 2015 was a specialist campaign to remove a targeted area of material 

from the Synchrolift site. The 2013 campaign involved the removal of a large volume of dredge 

material (39,000 m3) and used a similar dredge and disposal method to the works proposed for the 

NCIS-5 current development. The 2006 dredging was also similar. This 2013 campaign is the most 

similar to the currently proposed dredging works. 

Environmental monitoring conducted during the 2006 and 2013 dredging campaigns were 

reviewed and indicated that levels of turbidity and sediment deposition did not reach levels which 

required any intervention or change to dredging and were generally lower than predicted. 

2.2 RELEVANT STUDIES 

Several background studies and data collection programs were referred to in developing the 

hydrodynamic model and dredge plume modelling methodology. 

These studies are briefly summarised in the following sections. 

2.2.1 Site specific investigations 

The following detailed site investigations and assessments (in Table 2.2) have been undertaken 

specifically in relation to the HMAS Coonawarra NCIS-5 package of work, including: 

Table 2.2 Summary of site-specific reference data 

Parameter Reference Purpose 

ADCP 
measurements 

RPS Australia (2017) Deployment of ADCPs to investigate 
current behaviours at the site 

Geotechnical 
investigation and 
interpretation 

GHD (2018) N2263: SEA1180 DSSC 
Consultancy Marine Geotechnical 
Investigation Factual Data Report, 
HMAS Coonawarra 

GHD (2018) N2263: SEA1180 DSSC 
Consultancy Marine Geotechnical 
Interpretative Report, HMAS 
Coonawarra 

In May 2018 a site-specific geotechnical 
investigation was undertaken to provide 
data for engineering and environmental 
purposes. This data has been utilised to 
establish the subsurface soil conditions 
for dredging activities 

Further investigation was undertaken in 
November 2020 to determine the 
physical and chemical characteristics of 
the proposed dredged material within 
the harbour basin. 

Geophysics survey GBGMaps (2020) Marine Geophysical 
and Hydrographic Survey, HMAS 
Coonawarra Darwin NT (Ref; 70578 
Rev 1): 

Sub bottom profiling, side scan sonar, 
continuous marine seismic refraction) to 
map bedrock topography and sub-
surface stratigraphy 

Bathymetric survey GBGMaps (2020) Marine Geophysical 
and Hydrographic Survey 

Collection of Bathymetric Survey data 
for use as an input into the structural 
design process and to assess dredging 
requirements GHD (2017) 

SH20171108_HMAS_Coonawarra_001 

Marine sediment 
sampling and 
analysis 

GBGMaps (2020) Marine Geophysical 
and Hydrographic Survey 

In June 2018, marine sediment sampling 
and analysis was undertaken to 
determine the physical and chemical 
characteristics of the sediment within 
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Parameter Reference Purpose 

the proposed NCIS-5 current works 
areas. Further marine sediment 
sampling and analysis was undertaken 
in 2020 to confirm material properties 
in the vicinity of the future eastern 
wharf development area. 

2.2.2 Nearby relevant studies 

The following reports and studies (Table 2.3) have been used to supplement the site-specific data 

and provide further background and understanding of the HMAS Coonawarra basin site, as well as 

the broader context of dredging and dredge material characteristics in Darwin Harbour. 

Table 2.3 Summary of nearby relevant study references 

Parameter Reference Description of data 

Sediment 
Characterisation 

The Australian Institute of Marine 
Science (AIMS) sediment transport 
research 

AIMS Darwin has undertaken targeted 
sediment transport research investigations. The 
primary aim of these investigations was to 
understand the sediment transport 
mechanisms in Darwin Harbour in order to 
improve AIMS East Arm, Darwin Harbour 
sediment transport model input parameter 
assumptions.  

AIMS carried out several investigations into the 
physical characteristics of marine sediments 
including: 

− Acoustic Doppler Current Profiler 
(ADCP) measurements 

− Vibracore sampling 

− Grab sampling 

− Sub-bottom profiling 

Historic 
dredging 

East Arm Multiuser Barge Ramp 
Sediment and Dredge Modelling 

Previous modelling work was undertaken to 
support the development of a proposed 
multiuser barge facility (“MUBRF”) at East Arm 
Wharf, approximately 8 km from the HMAS 
Coonawarra basin. 

Darwin 
hydrodynamics 
and background 
turbidity 

Australian Institute of Marine 
Science (AIMS) data collection 

Australia's Integrated Marine Observing System 
(IMOS) program is a government led initiative, 
collaborating with several partners including 
the Darwin Port Corporation and University of 
Tasmania.  

The sites are operated by the Australian 
Institute of Marine Science (AIMS). National 
reference stations (NRS) have been deployed to 
collect a range of measurements of water 
quality and physical characteristics (such as 
currents).  

The purpose of the data collection is to 
establish a baseline long-term record of 
observations to provide biological, physical and 
chemical observations.  

The Darwin NRS station is located at the 
entrance to Darwin Harbour (Latitude: -
12.3382, Longitude: 130.6952) and transmits 
remotely sensed observed data.  

The site has been collecting data since 2009. 
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Parameter Reference Description of data 

Measured 
plume 
behaviour 

GHD (2012) Maintenance 
Dredging of the HMAS 
Coonawarra Patrol Boat Basin 

 

Depictions of plume behaviour derived from a 
turbidity monitoring program completed during 
the 2006 maintenance dredging contract at 
HMAS Coonawarra (which utilised CSD with 
nearshore discharge methodology, discharged 
to the same offshore release point to the 
presently proposed location) 

GHD (2013) HMAS Coonawarra 
Dredging Environmental 
Monitoring Report 

Collection of water quality results and 
photographs of the dredge material and dredge 
plumes based on field sampling and monitoring 
of the 2013 HMAS Coonawarra maintenance 
dredging. 

The proposed works at HMAS Coonawarra will use a similar dredging methodology to previous 

maintenance dredging in the 2006 and 2013 maintenance dredging campaigns and are expected to 

target similar dredge material types and utilise the same dredge type and discharge point. The 

measured sediment plume characteristics and associated data for this work have therefore been 

referenced as part of this modelling assessment. 

2.3 PHYSICAL ENVIRONMENT 

Several sources of information have been collated in order to establish the metocean conditions at 

the site. Location of some key sources of information for tide, wind and currents is provided in 

Figure 2.1: 

2.3.1 Tides 

Darwin hydrodynamics are primarily tide dominated and forced by a substantial (macro) tide 

range. Tides at the site are semi-diurnal (two tide cycles a day). Tidal water level variations are 

typically between 2 m (neap tide range) and 7 m (spring tide range). 

The tidal plane for Darwin (Tidal Port #: 63230) is described in Table 1 as supplied by the National 

Tide Centre (NTC), based on a tidal plane reported by the Australian Hydrographic Service (AHS). 

Darwin tide predictions are referred to a datum of LAT, which is 10.479 m below Benchmark BM 

4566 or 4.105 m below AHD. 

Table 2.4 Tide Plane Darwin Stn 63230 

Tidal Plane LAT 

(m) 

HAT 8.06 

MHWS 6.97 

MHWN 5.05 

MSL 4.15 

AHD 4.105 

MLWN 3.26 

MLWS 1.34 

LAT 0.0 
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Figure 2.1 Metocean Data Sources 
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Tidal amplification is a prominent feature of Beagle Gulf and the Darwin Harbour estuary as a 

semidiurnal response to the large tide propagating from the direction of the Indian Ocean (Ray et 

al 2005). The large tidal range in the Darwin areas is a result of the amplification process. 

Due to the large tidal range and the large intertidal areas, there is an observed asymmetry 

between the currents generated on the flood and ebb tides, with ebb currents being larger. 

2.3.2 Bathymetry 

Bathymetry in Darwin Harbour is available from hydrographic survey charts AUS024 and AUS025 

(Australian Hydrographic Office). Several detailed hydrographic survey investigations have also 

been undertaken which are consistent with available chart information.  

Darwin Harbour bathymetry is deep, in excess of 20 to 30 m depth (to LAT) throughout the central 

section of Darwin harbour. The Darwin bathymetry consists of sandy bedforms and bars from the 

transport of sand from offshore in Beagle Gulf, as well as rocky shore platforms, plus large tidal 

flats and mangrove forests. These the intertidal features are an important influence on the Darwin 

Harbour hydrodynamics. 

Nearshore bathymetry in the upper reaches of the harbour is shallow, with a large portion of the 

inshore area and mud flats that are exposed at low water. Closer to the project site, the 

bathymetry is relatively deep as the nearshore area is predominantly steep cliff and rock close to 

the shoreline. The HMAS Coonawarra harbour is also currently maintained to a depth of 

RL-9.1 mAHD (RL 4.995 mLAT). 

Some of the seabed is highly mobile, characterised by loose sediments and bedforms observed in 

sub-bottom profiling by AIMS (See Section 2.2.2). The presence of bedforms outside the HMAS 

Coonawarra Harbour has also been confirmed in recent hydrographic survey campaigns.  

Detailed investigations of the bathymetry specifically within the HMAS Coonawarra basin were 

also carried out to support the modelling effort.  

2.3.3 Winds 

Long-term records of wind data are available from Australian Bureau of Meteorology wind 

observations at the Darwin Airport Station. 

Half-hourly wind data for the years 1985 to 2020 were assessed in Figure 2.2. Winds were 

reviewed for the wet season period (November to April), and the dry season period (May to 

October) to show the distinction between wet and dry season conditions Recorded wet and dry 

season wind speed distributions of the Darwin Airport data are provided in Figure 2.3 and Figure 

2.4 to demonstrate. The BoM reported winds are averaged over 10 minutes at a height of 10 m, 

Terrain Category 2 as per AS 1170.2, sampled every 30 minutes. 

The data shows Darwin has a relatively mild wind climate throughout the year, corresponding 

predominantly to the dry season conditions. Winds are mostly from the South-easterly sector, less 

than 5 m/s. 

Westerly and north-westerly conditions are almost exclusively associated with the wet season 

period with an increased proportion of wind conditions observed between 5 and 20 m/s due to the 

annual monsoon and less frequent occurrence of tropical cyclones (typically low intensity or in 

early stages of generation). Tropical cyclone winds are not common enough to be visible on these 

wind roses. 
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Figure 2.2 Darwin Airport Wind Roses – 1985 to 2020 – Half-hourly data - All data - 10 minute average at 

10 m height  
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Figure 2.3 Darwin Airport Wind Roses – 1985 to 2020 – Half-hourly data - Dry season (May to September) - 

10 minute average at 10 m height  
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Figure 2.4 Darwin Airport Wind Roses – 1985 to 2020 – Half-hourly data - Dry season (October to April) - 

10 minute average at 10 m height 
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2.3.4 Waves 

The wave climate in Darwin Harbour is primarily wind driven and consequently is influenced by the 

monsoonal and tropical cyclone conditions. Typically, waves are fetch-limited with low wave 

energy, with fetches ranging from 6 km to 15 km at the project site (from 115°N to 295°N 

directions). There is a narrow sector at the Darwin Harbour entrance between 297°N and 310°N 

exposed to an essentially unlimited fetch into Beagle Gulf and the Timor Sea, however due to 

refraction, shoaling and diffractive effects, not much offshore swell penetrates Darwin Harbour to 

offshore of HMAS Coonawarra with very of these swells entering the basin due to sheltering by the 

main (western) breakwater. 

The AWAC data collected within the harbour was reviewed to investigate the occurrence of long-

period waves, including swell conditions. Fast Fourier Transform (FFT) analysis of the data 

confirmed the existence of long-period waves, but with small wave heights (Hs < 0.125 m). Most of 

the recorded waves had periods less than 6.5 seconds (i.e. typically associated with local wind-

generated ‘sea’ conditions), and only a small proportion of recorded waves (less than 0.1%) 

exceeded a significant wave height (Hs) of 0.5 m during the 12 month data collection period. 

2.3.5 Currents 

The large tides generate strong flood and ebb currents moving across the entrance of the HMAS 

Coonawarra naval base. Swift tidal currents (up to 4 to 6 knots) are observed to the south of HMAS 

Coonawarra. 

Instrument records were analysed from a nearby ADCP site (AWAC2 as discussed in Section 5.1.1), 

located close to the proposed dredge discharge point, in order to identify variations in current 

speeds and directions through the water column. A sample of current roses and class frequency 

plots (histograms) of selected locations above the seabed are provided in Figures 2.5 to 2.7 and 

these all indicate a pronounced 105°N to 140°N ebb current directions and 240°N to 355°N flood 

current directions (coming from) over depth, indicating that the large astronomical tide is 

dominating the current field through the entire water column, and also indicating the passage of 

eddies in the flood tide current. 
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Figure 2.5 Current rose and histogram of AWAC2 data 15.5 m above seabed 
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Figure 2.6 Current rose and histogram of AWAC2 data 12.4 m above seabed 
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Figure 2.7 Current rose and histogram of AWAC2 data 8.36 m above seabed 
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2.3.6 Water Quality 

Darwin Harbour is a naturally turbid environment with natural background turbidity varying 

seasonally. High observed turbidity is a result of: 

• Short slack water periods (tidal water levels can change by up to 0.5 m per hour). There is 

therefore little opportunity for sediments to fall out of suspension, promoting continual 

movement of loose bed material; 

• Large tidal range, generating fast current speeds; 

• Wind and wave generated resuspension of fine sediments on shallow banks close to the 

shoreline; and 

• Turbidity during the wet season period is highest due to a more active storm climate (from the 

monsoon), combined with high runoff due to monsoon rainfall events flushing the upper 

reaches of the river systems and mangrove flats that feed into the harbour. 

Background turbidity is typically in the order of 5 NTU, however varies considerably throughout 

the year, particularly during the wet season months (October to March), shown in Figure 2.6 for at 

the Darwin NRS Buoy station. As a rough guide the conversion from NTU to sediment 

concentration in kg/m3 is approximately 1 NTU:1 kg/m3. 

Figure 2.8 shows the variability of the background sediment concentrations. The dredge plume 

modelling presented herein is the concentration of sediment above the background 

concentrations. 

 

Figure 2.8  Darwin NRS Buoy – Monthly average turbidity (NTU) for the period March 2015 – June 2021 
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3 Dredging and Disposal Activities 

3.1 MATERIAL TO BE DREDGED 

3.1.1 Sediment characterisation 

HMAS Coonawarra basin has been extensively investigated in order to understand the physical and 

chemical properties of the material to be encountered during dredging. This includes: 

• Geotechnical investigation and interpretation of material properties as described in the 

following reports: 

− GHD (2018) N2263: SEA1180 DSSC Consultancy Marine Geotechnical Investigation Factual 

Data Report, HMAS Coonawarra; and 

− GHD (2018) N2263: SEA1180 DSSC Consultancy Marine Geotechnical Interpretative Report, 

HMAS Coonawarra. 

• Marine sediment sampling and analysis as documented in the following report: 

− GHD (2019) N2263: SEA1180 DSSC Consultancy Marine SAQP Implementation Report; and 

− GHD (2021) N2263: SEA1180 DSSC Consultancy NCIS-5 CDR A2 – HMAS Coonawarra Marine 

Sediment Assessment Report. 

In May 2018 a geotechnical investigation was undertaken to provide data for engineering 

purposes. In June 2018, marine sediment sampling and analysis was undertaken to determine the 

physical and chemical characteristics of the sediment within the proposed dredge area. Further 

sediment sampling and analysis was undertaken to confirm the material properties in the vicinity 

of the future eastern wharf dredge areas between the synchrolift and eastern breakwater as part 

of the GHD (2021) work. 

This site-specific information has been used to characterise subsurface material, establish rock 

surface levels below the overlying soft sediments and obtain samples for analysis of potential 

contaminants within the dredge material following the guidance of the National Assessment 

Guidelines for Dredging 2009 (NAGD). A layout plan showing the sites investigated is provided in 

Appendix A for reference. 

The material which will be encountered at the site can be classified into three main types based on 

physical characteristics: 

• Soft material – referring to easily dredgeable, very soft to soft organic marine clays, silts and 

sands; 

• Transitional material – referring to material that is dredgeable by a medium size CSD generally 

comprising of weathered to very dense, micaceous silty sand/ sandy silt and; 

• Hard material – referring to the isolated patches of steeply bedded schist or phyllite (low to 

medium grade metamorphosed sedimentary rocks) with occasional bands of pegmatite and 

migmatite (intrusive igneous and high grade metamorphic rocks similar to gneiss and granite). 

The later can present as hard quartz-like bands in the weaker phyllite. The schist is typically 

highly fractured and weathered. 

The majority of the material to be dredged is very soft to soft, organic marine clay at the surface, 

with isolated patches of the harder material.  

Most of the bed material is soft mud sediment, with some gravel and shell material in the surface 

layers. This material can be readily dredged by small to medium CSDs. The fines fraction is the 
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material presents the greatest potential for mobilisation into suspension in the water column 

during dredging and disposal.  

The geotechnical and geophysical data indicates that the rock material may be present above 

approximately RL-14 mAHD (i.e. within the maximum proposed dredging depths) in places. A 

comparison between both the geophysical and geotechnical information indicates that this 

material is extremely weathered rock to a ‘residual soil’ (i.e. a soil subjected to sub-aerial erosion 

when the sea levels were lower during the Ice Ages), derived from the underlying rock. 

The geotechnical report describes most of the underlying rock as a ‘transitional’ schist material (i.e. 

transitioning from phyllite to schist in the Barrovian metamorphic sequence). As discussed above 

some isolated much harder rock areas are reported within the dredge area (Described further in 

Section 3.1.2).  

The underlying residual soil material is generally a medium dense micaceous silty sand/sandy silt, 

which exhibits some cohesive properties and is therefore considered to be readily dredged by a 

small to mid-sized cutter suction dredge. 

These findings are similar to past sediment sampling campaigns in Darwin Harbour. Of note, AIMS 

Darwin has previously undertaken targeted sediment transport research in order to improve the 

AIMS sediment transport models in support of proposed industry works at East Arm. 

This investigation therefore provided further understanding of the types and characteristics of 

materials encountered within Darwin Harbour, especially those sediments of interest for the 

modelling of the sediment transport. Vibrocoring was undertaken by AIMS to penetrate the 

surficial sediments until hard clay material caused refusal. The recovered materials loose 

sediments generally had a high fines fraction. The underlying residual soil found by AIMS is similar 

to the phyllite/schist derived residual soil encountered within borehole investigations at the HMAS 

Coonawarra site. 

3.1.2 Hard dredging 

Based on previous dredging campaigns, it is expected that there are isolated ‘patches’ of hard 

material (e.g. weathered pegmatite and migmatite) in the middle of the basin, the top of which will 

need to be dredged. This hard material is described as a quartz rich, very dense sandy gravel to 

fragmented rock.  

It is noted from the 2013 dredging records that a design dredging depth of –9.1 mAHD was 

achieved “in some areas of the harbour”. However, the presence of the hard material, which could 

not be removed by the CSD, predominantly along a ridge through the middle of the harbour, and 

restricted the depths achieved, resulting in some localised ‘high spots’ being retained within the 

dredge area. The identification of these hard material zones during previous dredging has been 

consistent over a number of dredging campaigns, therefore there is a reasonable level of 

confidence in the locality of these zones. 

To date it has not been possible to obtain samples of the isolated ‘hard patches’ have been 

undertaken to confirm the extents of the material deposit below the proposed dredge depth. The 

possible locations and extents of these ‘hard’ dredging areas have therefore been inferred from 

bathymetric and geophysical surveying (i.e. sub-bottom profiling) within the harbour, particularly 

those areas which remained above the design dredge profile following the 2013 maintenance 

dredge campaign. 

Figure 3.1 indicates locations where this hard rock material was encountered within the basin, 

based on mapping undertaken during the 2013 maintenance dredging works. It also shows 

geotechnical borehole and sediment sampling locations.  

This hard material is unlikely to be dredgeable using a small to mid-sized cutter suction dredge. 

Dredging using a backhoe dredge is therefore required to remove these harder areas. Other types 

of dredge including Trailer Hopper Suction Dredge or large Cutter Suction dredgers cannot dredge 

this material due to the small basin size. 
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The area associated with Future Eastern Wharf dredging is outside of the current designated 

navigational boundary and as such have no history of previous dredging. From geophysical and 

sediment sampling It is considered that hard material would be present at levels above the design 

dredge levels within this area. Hard material is presumed to be quartz rich, very dense sandy gravel 

to fragmented rock, consistent with the hard material encountered throughout the existing dredge 

areas. Due to the changes in bathymetry toward the shoreline, this material is likely to be 

encountered at higher levels than the levels encountered within the existing navigable area 

proposed to be dredged under the current NCIS-5 works. 

3.1.3 Modelled sediments 

For the purposes of modelling the general plume behaviours in the HMAS Coonawarra basin, the 

dredge material characteristics from the above assessments were rationalised into a 

representative borehole to characterise the dredging of soft and transitional material (Stage 1) and 

hard material (Stage 2). A general characterisation of the site material encountered from the 

borehole investigations is provided in Table 3.1 and 3.2 and Figure 3.2 and has been adopted for 

modelling purposes. 

Table 3.1 Description of material to be dredged – soft and transitional dredge areas 

Dredge 
material 

Depth Fines 
Fraction 

Sand 
Fraction 

Gravel 
Fraction 

Wet bulk density 

  m % % % t/m3 

Marine 
sediments 

1 82-96 4-18 0 1.493 

Phyllite 
/Schist 

5 12-14 84-86 2-4 2.6 

Phyllite 
/Schist 
(extremely 
weathered) 

5 12-14 84-86 2-4 2.38 

[1] GHD (2018 and 2021) 

[2] Adapted from Patterson & Williams (2014) (Prepared for Australian Institute of Marine 

Science) 

Table 3.2 Description of material to be dredged – hard dredge areas 

Dredge 
material 

Depth Fines 
Fraction 

Sand 
Fraction 

Gravel 
Fraction 

Wet bulk density 

  m % % % t/m3 

Marine 
sediments 

0.5 82-96 4-18 0 1.493 

Phyllite 
/Schist 

5 12-14 84-86 2-4 2.6 

[1] GHD (2018 and 2021) 

[2] Adapted from Patterson & Williams (2014) (Prepared for Australian Institute of Marine 
Science) 
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Figure 3.1 Mapping of ‘hard’ material dredging locations (based on 2013 survey data) and geotechnical investigation locations
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Figure 3.2 Rationalised boreholes adopted for modelling purposes 
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Settling Velocities 

The suspended sediment was modelled as particles with settling velocities. Settlement rates are 

tied to the material type and particle size distribution. 

The settling velocity adopted in the modelling is representative of the median sediments within 

the surface materials found at the HMAS Coonawarra site, where the sediment ranges in size from 

fine clays, to silts and fine sands. A median settling velocity of 3 x 10-4 m/s was adopted, which is 

similar to typical flocculated fine-grained sediment setting velocities quoted in Van Rijn (2020). 

It is noted that some investigations of the rates settlement of sediment within Darwin Harbour 

were carried out via laboratory analysis by AIMS. From this work, a fall velocity of 1.362 x 10-5 m/s 

was found to be representative of the flocculated very fine clay sediments present within Darwin 

Harbour. 

3.2 DREDGE VOLUMES 

The expected volume of material to be dredged was established by comparing the design surface 

to the latest available survey information collected during the 2020 geophysical and bathymetric 

survey collection campaign. These quantities represent the volume of material at insitu bulk 

density that is required to be removed to achieve the dredged design surface (i.e. a ‘cut’ volume). 

An estimate of the proportion of hard (i.e. rock) material to be dredged compared to the total has 

been undertaken. The ‘hard dredging’ locations indicated in Figure 3.1 (Section 3.1.2) show areas 

from previous dredging campaigns where the material was resistant to dredging with a mid-sized 

CSD. These areas have therefore been used to infer the location of hard material expected to be 

encountered within the extents of dredging for the currently proposed NCIS-5 dredging works. 

Table 3.3 summarises the proportions of soft and predicted hard dredging anticipated for the NCIS-

5 dredge area. 

Table 3.3 Dredge volumes – Current works – NCIS-5 Project Dredging 

Dredge material type  Current NCIS-5 Development 

Approximate dredge volume (m3) to 
design depth 

Soft clay material  79,000 

Hard material  6,000 

Table 3.4 summarises the proportions of soft and hard dredging anticipated in the future eastern 

wharf dredge area. The Tables 3.3 & 3.4 estimates were derived from the geophysical survey 

information.  

 Table 3.4 Estimated dredge volumes for future Eastern Wharf Development 

Dredge material type  Future Eastern Wharf Development 

Approximate dredge volume (m3) 
to design depth 

Soft clay material  66,000 

Hard material  43,000 

In practice, some over-dredging will be required below the nominated design surface in order to 

achieve the required navigation clearances. A maximum over-dredging tolerance will therefore be 

specified in order to ensure the stability of the dredge batters and neighbouring structures. 

Allowance for an additional 300 mm of over-dredging across the site has been assumed, 

potentially adding approximately 16,000 m3 to the anticipated dredge volume for the NCIS-5 

current works. This 300 mm tolerance is consistent with typical vertical working tolerances advised 
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in British Standards (BS) 6349-5 given the size and type of equipment proposed and broad 

considerations of the bed material and sea conditions. 

3.3 DREDGING AND DISPOSAL ACTIVITIES 

Two methods of dredging are proposed in order to meet the needs of the project given the 

material characteristics expected to be encountered within the dredge area. 

The following sections discuss dredge methods for the currently proposed NCIS-5 dredging works.  

These methods are also applicable to the future dredging associated with the development of the 

eastern wharf: 

• Stage 1 Dredging: Removal of soft material by small to medium sized CSD with cuttings 

discharged via pipeline into Darwin Harbour within the base property boundary and naval 

waters at, or close to the nearshore discharge location previously used for maintenance 

dredging of the HMAS Coonawarra basin; and 

• Stage 2 Dredging: A smaller volume dredging operation using a backhoe dredge (BHD) for 

removal of harder materials, with disposal of the cuttings via barge and truck transport to an 

onshore disposal facility for re-use and/or storage on land at East Arm port. 

The backhoe dredge may also be used to remove small volumes of material close to existing 

wharves, and the sheet pile wall which will be installed as part of the harbour deepening work.  

3.3.1 Source Rates 

Dredging sourced sediment discharges into Darwin Harbour will be from the following sources: 

1. CSD dredge cuttings discharge 

2. CSD cutter head cuttings that miss the suction pipe 

3. BHD bucket cutting 

4. BHD bucket overflow. 

The sediment source rates were derived from the following key sources of information: 
1. Specifications of dredges from past dredging projects in the Darwin region. 

2. Specifications of known dredges of similar size and production available within Australia 

3. Literature sources including: 

a. Bray et. Al (1997) Dredging: a handbook for engineers, 2nd ed. 

b. CIRIA (2000) Scoping the assessment of sediment plumes from dredging 

Production rates and the rates of material lost from the dredging plant were also based upon 

typical dredges. Two methods of dredging are anticipated. The typical specification of each is 

provided in Table 3.5: 

Table 3.5 Typical dredge specifications 

Type Description 

Cutter-suction dredge (CSD) Small to mid-sized dredge, 

cutter head power of approximately 100 - 200 kW 

450 mm delivery pipe 

Backhoe Dredge large dredge 

nominal 10 to 13 m3 bucket capacity 

Rates of released sediments per unit volume of dredged material were estimated using the ‘S’ 

factor method. The ‘S’ factor represents the average mass loss of sediment into the immediate 
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vicinity of the dredge, represented as a rate of the sediment lost (suspended) per volume of 

material dredged at its insitu density (i.e., the production rate). Published ‘S’ factors are based on 

field measurements of suspended sediment concentrations taken during “steady state” dredging 

for a range of equipment and sites.  

Typical ‘S’ factors range between 12 and 30 kg/m3 of dredging for backhoe dredges, and 

approximately 6 kg/m3 of dredging for a small to mid-sized CSD (CIRIA, 2000). 

There will be a significant amount of cutter head lifting due to the hard bed in places plus debris, 

which will increase this loss rate. Therefore a rate of 18kg/m3 was assumed for the CSD. 

Only the fine particles, including silts and clays, are included in the model as coarser materials, 

including coarse sands and gravels quickly settle out of suspension. A separate assessment of the 

fate of course-grained material was undertaken. 

Plant types, productivity loss rates and concentrations adopted for the modelling are discussed in 

the following sections: 

Losses from cutter-suction dredge 

Cutter suction dredging (CSD) will be used to remove soft and residual soil (i.e. stiff clay) material 

in Stage 1 of the dredging. The CSD method has been successfully used in past maintenance 

dredging campaigns to remove soft sediments from the HMAS Coonawarra basin material; for 

example Hall Contracting’s Warraber CSD. Industry advice is that a CSD will is suitable for dredging 

all but the hardest pegmatite /migmatite material from within the basin for both of the NCIS-5 

Current Development and Eastern Wharf Extension.  

Productivity estimation 

The dredge sizes and production rates are expected to be similar to previous HMAS Coonawarra 

maintenance operations. 

Dredge material will be delivered to a nearshore discharge site via hydraulic pumping. Disposal is 

proposed at a location approximately 300 m from the existing breakwater site. The location for 

disposal aligns with the site allocated in previous maintenance dredging campaigns for HMAS 

Coonawarra basin. 

Dredging operations are intended to be carried out over an approximate 12-hour normal workday 

during daylight hours (for example 6.30am to 6.30pm). Approximately 80% of that time is 

considered productive dredging, with the remainder associated with other operations (e.g. barge 

movements, crew transfers and downtime). 

Dredging production is anticipated to be about 3,100 m3 per hour of slurry assuming a nom. 

450 mm diameter delivery pipe. This slurry production rate includes the sediments cuttings, plus 

the motive water. The cuttings are assumed to be 96% fines. The slurry is delivered virtually 

immediately to the disposal site via pipeline delivery. 

A dredged sediment solids delivery rate of 340 m3 of insitu wet sediment per hour is assumed 

based on a typical bulking ratio of 9:1 from wet, insitu sediment volume to slurry volume in the 

CSD delivery pipe. This volumetric flux is converted to a mass flux of sediment solids discharging 

into the water column using a solid sediment particle density of 2.6t/m3 and an insitu sediment 

bulk density of 1.493 t/m3 wet (Refer Table 3.1), as follows: 

• 340 m3/hr dredge rate = 260t/hr of solids dredged = 73kg/s of solids dredged; and 

• The mass flux of the 96% fines fraction = 70kg/s. This is the CSD sourced fines (i.e. clays+silts) 

solid mass discharge flux used in the sediment diffusion modelling. 

These rates would be considered on the higher end of production for the plant and equipment 

presumed for this work. 
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Derived source rates 

Some of the bed material cuttings are not sucked up the CSD dredge pipe, this is called a cutter 

head loss. The fines proportion goes into suspension in the water column. Table 3.6 describes a 

breakdown of the derived loss rate for input into the modelling. 

Table 3.6 Cutter Suction Dredging cutter head leakage rate 

Description Coarse 
grained 
material 

Sand Fine 
grained 
material 

Total 

HMAS Coonawarra harbour bed material 
particle size distribution (PSD) – Stage 1 

0% 4% 96% 100% 

Dredged slurry flow rate into Darwin Harbour 
(m3/hr) (sediment + water) 

0 100 3,000 3,100 

Dredging removal rate inside HMAS 
Coonawarra (insitu material) (m3/hr) 

0 10 330 340 

Loss at cutter head ('S' factor = 18 kg/m3) 
(kg/s) 

0 0.1 1.6 1.7 

Only the fine-grained fraction was modelled. 

Loss from Backhoe dredger and barges 

Operating times considered for backhoe dredging are consistent with Stage 1 dredging, adopting a 

daylight hours operating schedule, based on a normal 12-hour workday. 

Timing for dredging and disposal operations are linked to a dredging cycle. The dredge and 

disposal rate (and hence source rates) are therefore not necessarily directly linked (as is the case 

for a CSD method). Source rates are therefore subject to the dredge productivity, number of 

barges utilised, distance to the disposal site and time for unloading and return.  

The typical dredging cycle of a backhoe dredge consists of the following key components (Figure 

3.3): 

 

Figure 3.3 Construction cycle timing activities 

 

Loading of 
the barge 
(dredging)
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Manoeuvring 
the barge 
alongside 
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Turbidity generated from a backhoe dredging has the following sources: 

1. Sediment placed into suspension due to the bucket disturbing /distributing material at the 

bottom. 

2. Loss of material as the bucket pulls through the water column 

3. Loss of sediment when the bucket breaks the water surface 

4. Barge overflow 

5. Sediment stirred up by the barge /tug propellor jets 

6. Sediment spilt during the unloading /loading operation 

Sources 4 to and 5 are small and mostly close to the BHD. They have been represented in the 

model as an increased BHD source rate 1 to 3 inclusive. Source 6 is also small. These sources occur 

throughout the dredge cycle (when assuming continual dredging). Propeller wash and other 

disturbances due to vessel movements, particularly barges, may also periodically increase turbidity 

due to suspended fine material locally for short durations (only at set periods within the dredge 

cycle). This is considered to represent a low impact, with short-term effects, but has been 

represented in the study as an increased source rate over the period of dredging. 

Disposal of dredge spoil from mechanical backhoe dredging will be at an onshore facility, therefore 

losses due to disposal are excluded in the modelling. 

Productivity estimation 

The base productive rate estimation starts with the BHD bucket capacity. This base productive rate 
is then modified downwards to a ‘nominal’ rate). The modified production rate and is a function of 
the dredge depth and the dredgeability of the soil.  

Bray et al (1997) provides guidance on the estimated output productivity of a backhoe dredge, 

estimated from the base productivity (i.e. the bucket capacity), and modified to take into 

consideration specifics of the site, including the depth of dredging at the site, increased cycle times 

when dredging weak rock and the available barge hopper capacities. Using this reference, a 

productivity of 240 m3/hour was estimated assuming a 15 m3 bucket. 

Bray et al (1997) and CIRIA (2000) also provides advice on BHD leakage rates. Leakage rates of up 

to 30kg/m3 dredged can be expected from the BHD alone. This rate has been factored upward to 

take into account leakage due to prop jets and barge overflows. Some of the initial Stage 2 

dredging will be in the finely graded material found above the stiff clay and rock. Therefore 100% 

fines were conservatively assumed for the initial BHD dredging. In reality, fines are considered to 

reduce in the instance where harder material is encountered (although some fines generation 

would be expected through the ripping or breaking weaker rock material). 

Derived source rate 

On the basis of the above 240 m3/hr production rates, the following BHD sediment loss rates were 

derived as described in Table 3.7 assuming a loss rate of 60kg/m3 dredged. 

Table 3.7 Dredge sediment loss rates – Backhoe dredging 

Description Course-
grained 
material 
(Gravels) 

Sand Fine 
grained 
material 

Total 

HMAS Coonawarra harbour bed material 
particle size distribution (PSD) – Stage 2 initial 
BHD dredging 

Nil Nil 100% 100% 
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Description Course-
grained 
material 
(Gravels) 

Sand Fine 
grained 
material 

Total 

Dredging rate (m3/hr) Nil Nil 240 240 

Sediment lost into suspension ('S' = 60 kg/m3) 
(kg/s) 

Nil Nil 4.0 4.0 

3.3.2 Duration of dredging 

Based on the anticipated dredge production rates, combined with an understanding of the total 

quantities to be removed to achieve the required design profile, the likely timing for the dredging 

could be as follows: 

Table 3.8 Predicted dredge durations for NCIS-5 and Future Eastern Wharf dredging 

Dredge arrangement Description Approx. Duration 

NCIS-5 current dredging works Stage 1 Dredging via CSD 1 month 

Stage 2 Dredging via Backhoe 
Dredge 

1 month including some 
unproductive dredging to 
remove high spots and hard 
areas 

Future Eastern Wharf Dredging 
(2 to 5 years following NCIS-5 
dredging) 

Stage 1 Dredging via CSD 1 month 

Stage 2 Dredging via Backhoe 
Dredge 

2 months including some 
unproductive dredging to 
remove high spots and hard 
areas 

The production rates and durations will be affected by the details of the actual equipment used 

and the material encountered. Interruptions and downtime may also occur due to: 

• Wear and breakdowns; and 

• Weather and sea-state disruptions. 

The requirement for uninterrupted Naval operations by DoD (Department of Defence) in the basin 

may affect the overall duration of the campaigns due to having to move dredges and slurry 

pipelines to accommodate Naval vessel movements.  

Although the dredge durations may be extended, in part due to the factors noted above, the 

effects on the overall dredging would be either reduced or no dredging activities for periods of 

time compared with the predicted productive dredging timeframes. Consequently, there would be 

an extension to the ‘recovery’ periods (where concentrations start to recover back to background), 

thereby reducing the overall impacts compared with the assumed dredge schedule. 

No interruptions and delays have been conservatively assumed in the plume modelling. 
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4 Numerical Model Setup 

4.1 MODEL DESCRIPTION 

The Delft hydrodynamic computer modelling software was used for this investigation. 

The Delft3D-FLOW software solves the unsteady shallow water Reynolds Averaged Navier Stokes 

(RANS) equations in two or three dimensions using Eulerian methods. The model includes 

formulations that take into account various physical processes including: 

• Tidal forcing;  

• Wind forcing;  

• Coriolis force; and 

• Drying and flooding of tidal flats. 

The release and settlement of sediments during dredging has been simulated using the Lagrangian 

particle tracking model PART which includes a ‘random-walk’ feature. 

PART incorporates settling rates and allows the particles to settle on the bed and be resuspended. 

The following sections provide a summary of the inputs, assumptions and outputs of the dredge 

plume modelling. 

4.2 BATHYMETRIC DATA 

Bathymetry for the Darwin hydrodynamic model was developed using data from several sources. 

A summary of these sources is provided in Table 4.1, with an overview of each of the sources 

provided in the following sections.  

Table 4.1 Bathymetric Data Sources 

ID Source Form
at 

Datum Description 

1 ‘20200905 - HMAS 
Coonawarra MGA94 LAT 
0.5 m grid average 
AHD.csv’  

Project specific, Sourced 
from GBG Maps Marine 
Geophysical and 
Hydrographic Survey, 
HMAS Coonawarra Darwin 
(2020) 

X,Y,Z AHD Project-specific data. Coverage of HMAS 
Coonawarra Harbour basin and eastern area  

2 ‘SH20171108_GHD_HMAS
_Coonawarra_Bathymetric
_Survey_AHD_MGAZ52_1 
m_Final_Shoal_Gridded.xyz
’ 

 

Project specific, Sourced 
from GHD (2017) 

X,Y,Z AHD Project-specific data. Coverage of HMAS 
Coonawarra Harbour basin and eastern area. 
Extended around western breakwater (see 
SH20171108_HMAS_Coonawarra_001.pdf 
attached) 

3 Geoscience Australia 
Flinders Survey (GA-4425 & 
GA-0333) 

X,Y,Z MSL Coverage of Darwin Harbour at 1 m 
resolution. Data available from Geoscience 
Australia. 
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ID Source Form
at 

Datum Description 

 

Publicly available 
bathymetric information 

4 Geoscience Australia 
topographic dataset (2009) 

Publicly available 
topographic information 

X,Y,Z AHD Geoscience Australia 250 m bathymetry and 
topographic data (2009), 9 arc second 
resolution 

5 GEBGO 

Publicly available 
bathymetric information 

Vario
us 

MSL General Bathymetric Chart of the Oceans for 
extents beyond the Aus Charts (i.e. Timor 
Sea) 

The model bathymetry primarily relied upon the GBG Maps (2020) hydrographic survey within the 

immediate vicinity of the site. The other data sources were used to cover the far-field model 

extents and to supplement the bathymetry in areas where data gaps existed. The developed 

modelled bathymetry is shown in Figure 4.1. 

4.3 COMPUTATIONAL GRIDS 

A two-dimensional vertically averaged hydrodynamic model was developed for the Delft3D-FLOW 

modelling package. Due to Darwin’s large tidal range and strong tidal currents there is strong 

vertical mixing, hence a 2D model is appropriate and computationally efficient. 

The model has four computational domains. An increased model resolution was used closer to the 

proposed site to capture the detail of the coastline, and to better resolve the details of the HMAS 

Coonawarra Harbour basin and infrastructure. 

Model flows and sediment transport values are shared between the domains via inbuilt nesting 

and domain decomposition techniques. The model domain is shown in Figure 4.2. 

Table 4.2 Computational Grid Description 

Domain ID Coverage 

(km2) 

Grid Resolution 

Timor Sea TIM_2km 88,574 (of Timor 
Sea) 

Varies  

(~5 km x 5 km offshore,  

refined to ~2 km x 2 km in 
area of interest) 

Beagle Gulf BEG_500 m 81,830 (incl. 
Beagle Gulf and 
Darwin 
Harbour) 

Varies 

(~ 1.5 km x 1.5 km, refined 
to ~ 500 m x 500 m in area 
of interest) 

Darwin Harbour (Domain 
Decomposition aka ‘DD’) 

BEG_100 m 2,221 (of Darwin 
Harbour) 

~ 100 m x 100 m 

HMAS Coonawarra Harbour 
Basin and surrounds (Domain 
Decomposition aka ‘DD’) 

CWH_20 m 7.5 ~ 20 m x 20 m 
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Figure 4.1 Model Bathymetry (mAHD) 
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Figure 4.2 Regional model grid extents 
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4.3.1 HMAS Coonawarra Basin – Fine Resolution Grid 

A project focused nested grid with a 20 m by 20 m computational grid aperture was used to 

represent the HMAS Coonawarra basin. Figure 4.3 shows this nested grid extent within the Darwin 

Harbour model grid which has a 100 m by 100 m computational aperture. 

Bathymetry in the model was interpolated from the collected hydrographic survey data (In Section 

4.2) and modified as required to represent the development of the harbour. 

The fine resolution model also incorporates separate bathymetries to account for modifications to 

the bed levels for the current NCIS-5 works and future eastern wharf expansion. 

Current works – NCIS-5 dredge area 

The proposed NCIS-5 development site input into the model involved deepening of the model 

bathymetry within the extents described in Section 1.2 to a level of -9.805 mAHD. 

The dredge area extends approximately 150 m offshore relative to the shoreline, beyond which the 

natural bathymetry is deeper than the required dredge levels. Hydrographic survey data 

(Section 4.2) is therefore used. 

Future eastern wharf dredge area 

In addition to the bathymetric modification made to represent the proposed NCIS-5 works , a 

supplementary nested bathymetry was created to represent the proposed future eastern wharf 

bathymetry: 

• Further dredging to -9.8 mAHD toward the eastern wharf site; 

• Dredging under the future wharf to -7.105 mAHD level; 

• Removal of the existing eastern breakwater; and 

• Dredging the area of the future new eastern breakwater nominally 2 m below the existing bed 

levels. 

The future eastern wharf dredging scenarios conservatively consider that the proposed 

construction of a new relocated breakwater would not been completed prior to commencement of 

dredging, exposing the dredge area to stronger tidal current influences. 

4.4 BOUNDARY CONDITIONS 

Flows in the model are ‘forced’ by spatially varying tidal water levels that were applied at the 

oceanic open boundaries on the 2 km grid. Boundaries extended from the northern coastline of 

Australia to the southern coastlines of East Timor (to the west) and Indonesia (to the east). 

The open tidal boundaries were specified using tidal constituents extracted from Global Ocean 

Tide Model (Cheng and Andersen, 2010) along the western, northern and eastern boundaries of 

the ‘Timor’ grid. 

Spatially varied water levels were then transferred to the boundaries of the finer resolution 

models using built-in nesting boundary transfer methods. 

The finer grid models utilised coupled domain decomposition (DD) to transfer water level and 

flows between DD grids. Location of the various boundary definitions are provided in Figure 4.4. 
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Figure 4.3 Nested model grid extents 
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Figure 4.4 Model Boundary Types 

4.5 MODEL SOURCE POINTS 

Dredging was assumed to be continuous for a 9.6-hour period (based on the timing of activities in 

Section 4.4.2), 7 days a week for the one month simulation period. The model adopted a constant 

sediment source rate, continuously for the duration of dredging each day. 

The dredging and discharge location was modelled as a point source rate with the location 

remaining constant for the duration of the simulation. Source rates are as described in Section 

3.4.1. The location of the dredge sources were selected on the basis of the following: 

1. At the location of the deepest dredging thickness,  

2. close to the entrance to the HMAS Coonawarra basin to capture entrainment of sediment into 

the shear currents observed across the entrance to the harbour basin; and 

3. Discharge point located at the proposed nearshore discharge location, approximately 300 m 

south-west of the western breakwater, located at mid-depth. 

These locations were selected to provide a conservative assessment of the impacts that dredging 

within the harbour basin might have on Darwin Harbour. 

A plan showing the model locations of each dredge is in Figure 4.5 and Figure 4.6. A tabulated 

breakdown of the source locations and combinations applied to each scenario is also provided in 

Section 6.1. 
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Figure 4.5 Modelled Source Locations – NCIS-5 Current works 
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Figure 4.6 Modelled Source Locations – Future Eastern Wharf 

Resuspension of dredged sediments was excluded from the modelling. It was assumed that 

settlement of dredging derived fine sediments in most of Darwin Harbour is not possible due to 
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the strong tidal currents. Most of these sediments are expected to be exported over the model 

boundaries into the deep ocean, with possibly some very minor sedimentation in some intertidal 

areas. 

4.6 SUMMARY OF MODEL PARAMETERS 

A summary of some of the key sediment characteristics applied to the Delft3D-PART scenarios are 

as follows, derived from review of relevant data (contained within this report), combined with 

validation of the modelling based on comparison to collected data and known extents and 

behaviours of past dredge plumes (GHD, 2012) and GHD (2013): 

Table 4.3 Summary of model input parameters 

Description Value Unit 

Water Density 1025 Kg/m3 

Critical shear stress (for sedimentation) 0.1 N/m2 

Critical shear stress (for erosion) Excluded N/m2 

Settling velocity 3 x 10-4 m/s 

Chezy Coefficient 70 m1/2/s 

Wind drag 1 % 
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5 Model Validation 

The hydrodynamic model was validated via comparison with field data prior to simulating the 

behaviour of the dredge plumes. The field data used consisted of measurements of water levels 

and currents at locations within the model domain, especially near the HMAS Coonawarra basin 

site. 

Validation of the models used a combination of publicly available data including Bureau of 

Meteorology (BOM) and Australian Institute of Marine Science (AIMS) data, as well as project 

specific AWAC (Acoustic Wave and Current meter) data.  

5.1 DATA COLLECTION 

5.1.1 Tides Acoustic Doppler Current Profiler Measurements 

Directional tidal current, wave and water level data was collected for the purpose of validating 

previous hydrodynamic and wave models. RPS Australia West Pty Ltd was commissioned by Laing 

O’Rourke Australia Construction Pty Ltd to collect this data. Some of this data was used for the 

validation of this dredge plume model. 

A number of Darwin Harbour AWAC datasets were collected better understand the hydrodynamic 

behaviour near HMAS Coonawarra. The seabed mounted AWACs recorded directional tidal 

currents, waves heights and periods and water levels.  

Figure 5.1 shows the locations of the data collection sites used in validating the model. Data from 

the period 1 November to 1 December 2017 were used as it was collected during a period of large 

spring tide (‘king tides’, i.e. close to a HAT to LAT tide range). The strong tidal currents present 

during this period are expected to transport any dredged material release further than during 

smaller tides. 

5.1.2 Recorded tides 

Hourly tide gauge sea level measurements and meteorology is available from the Darwin (Fort Hill) 

tide gauge (Port #63230, BoM Darwin Tide Gauge). This gauge operates as part of the Australian 

baseline Sea Level Monitoring program. The dataset covers the period from 1991 to Present. 

Water level measurements were used to validate modelled water levels at Darwin. 

5.1.3 IMOS dataset 

Publicly available current measurements exist from the IMOS (Integrated Marine Observing 

System) Darwin NRS (National Reference System) Buoy deployed by AIMS (Australian Institute of 

Marine Science). The Darwin NRS is an AWAC station, collecting current data at the entrance to 

Darwin Harbour (in approximately 25 m water depth). 

5.2 WATER LEVEL VALIDATION 

Tidal validation was carried out for the Darwin (Fort Hill) tide gauge (Port #63230, BoM Darwin 

Tide Gauge) which included a neap to spring tide. An initial model validation covered the period 

from 3rd January 2016 to 13th January 2016. 

The time series below (Figure 5.2) shows a comparison between modelled and observed tide at the 

location of the Darwin Tide Gauge. Good correlation was obtained between the modelled and 

predicted tide datasets (refer correlation comparisons in Table 5.1). 
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Figure 5.1 Depth-averaged current validation sites (RPS 2017 Data collection sites) 
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Figure 5.2 Comparison of modelled and measured tides (3rd January to 13th January 2016) 

Table 5.1 Correlation statistics (Hourly water levels 3rd January to 13th January 2016) 

Computational method Coefficient 

R = Correlation (-1 to +1) 0.993 

Linest, m (where y = mx) 0.952 

R2 (Pearson) 0.985 

Additional model simulations of water levels for the 5th May 2017 to 19th June was also completed 

(Figure 5.3 and Table 5.2). 

 

Figure 5.3 Comparison of modelled and measured tides (5th May to 19th June 2017) 

Table 5.2 Correlation statistics (Hourly water levels 5th May to 19th June 2017) 

Computational method Coefficient 

R = Correlation (-1 to +1) 0.992 

Linest, m (where y = mx) 1.042 

R2 (Pearson) 0.996 
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Water levels in the model correlated well with the measured dataset. 

5.3 HYDRODYNAMIC VALIDATION 

5.3.1 AIMS data 

Hydrodynamic data is available from the Darwin NRS station, located at the entrance to Darwin 

Harbour entrance (approximately 18 km from the project site). The NRS data was reviewed to 

provide an understanding of the current behaviours into and out of Darwin Harbour. 

Hydrodynamic current data simulated by Delft3D is presented in Figure 5.4. Validations were 

carried out by comparing the simulated currents to the ADCP NRS datasets. 

 

Figure 5.4 Comparison of Darwin NRS (AIMS) Buoy depth-averaged currents 

Current magnitude and direction model results compare well with the observed data. 

5.3.2 ADCP Data 

The RPS (2017) AWAC data collection sites reported instantaneous velocity magnitude and 

direction profiles over depth every ten minutes using approximately 1 m deep bins (i.e. averaged 

over 1 m). 

The data collected at these five sites between 5 May 2017 and 18 May 2017 was compared to 

model hindcast currents. As the model is depth averaged, the field data was integrated over depth. 

Figures 5.5 to 5.7 show comparisons of recorded and hindcast depth averaged currents at each 

location. No wind was applied to the model for these comparisons. 
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Figure 5.5 Comparison of modelled and measured (depth-averaged) currents at ‘FSNON Bed 1’ site 

 

Figure 5.6 Comparison of modelled and measured (depth-averaged) currents at ‘FSNON Bed 2’ site 

 

Figure 5.7 Comparison of modelled and measured (depth-averaged) currents at ‘FSNON Bed 3’ site 



Dredging Modelling 
 

 PED752-005-TD-EV-REP-0005 Rev. 1 | 9 February 2022 | Page 44 

Further validation of the model hindcast depth-averaged current velocities in the 20 m by 20 m 

grid nested model domain was conducted using field data collected at two ADCP sites ‘SEA1180 

Shallow’ and ‘SEA1180 Deep’. Astronomical tidal dynamics were hindcast in the model for a 03 

November to 08 November 2017 sub-period selected from the ‘Site Visit 9’ instrument deployment 

period of 02 November 2017 to 29 November 2017 (RPS, 2020). This subset period was selected as 

it was during a large spring tide (close to a LAT to HAT range) with corresponding with strong 

currents. Depth-averaged current comparisons are provided in Figure 5.8 for the ‘SEA1180 Deep’ 

measurement location. Wind was not modelled. 

 

 

Figure 5.8 Comparison of modelled and measured (depth-averaged) currents at ‘SEA1180 Deep’ site 

Comparison of the modelled and measured hydrodynamics show that the model water levels, and 

current magnitudes reproduce the measurements to an acceptable accuracy. Modelled current 

directions at both sites also show good agreement with the observations. Therefore the model 

appears to simulate prototype hydrodynamics at the project site with sufficient accuracy for the 

purposes of this study. 

5.4 COMPARISON TO PAST DREDGING 

Plume measurements from previous dredging campaigns were available following the 2006 and 

2013 maintenance dredging campaigns for the HMAS Coonawarra basin. These measurements 

provided valuable insight into plume behaviours and extents, and enabled refinements and 

iteration of the model parameters to ensure the plume behaviours were appropriately captured in 

the modelling. 

The past dredging involved the use of a mid-sized cutter suction dredge to target fine sediment 

material in both the 2006 and 2013 campaigns. Material was disposed via hydraulic discharge at a 

location offshore of the site. This location was within approximately 100 m of the currently 

proposed discharge site. 

The equipment and fine material being targeted in the maintenance dredging were similar to that 

anticipated for the upcoming NCIS-5 works and future eastern wharf dredging. 
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The 2006 dredge monitoring captured the visual extents of the plumes, as well as surface, middle 

and bottom turbidity measurements. 

Visual plumes measured in the 2006 campaign varied, with the plumes being observable 

approximately 700 m up- and down-current of the discharge point, with relatively low turbidity 

readings in places (in the order of 10 to 16 NTU total). This equates to approximately 10 NTU (or 

10 mg/L) above background. The tide and conditions of the site were not known for the period of 

recording.  

At its maximum, there were observed plumes up to 2.5 km up-current and down-current of the 

source location. The directionality of the observed plumes aligns with model predictions, showing 

the plume tending toward the north-west on ebb tides and south-east on flood tides. The plumes 

were also found to be a relatively narrow band which was observed in the modelling under 

stronger tide conditions. The largest plumes extents recorded in the 2006 campaign measured a 

total turbidity in the order of 20-25 NTU at the 2.5 km extent (so approximately in the order of 10 

to 20 mg/L at the furthest visual extent). 

Results of the 2013 campaign provided daily average turbidity and, while not directly comparable 

to the modelling, was used to confirm the order of magnitude of the turbidity measurements and 

ensure alignment with the plume behaviours for initial modelling exercises. 

Overall, the plume behaviours predicted by the modelling (discussed in Section 7.2) reflected those 

of past monitoring measurements. The model predictions currently having some conservatism 

with regard to the magnitude and extent of suspended sediment concentrations compared with 

historic measurements. Production modelling (discussed in Section 7.2) was therefore progressed 

on this basis. 
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6 Model simulations 

6.1 MODEL SIMULATIONS 

Timing of the dredge activities is presently unknown, so a scenario-based modelling program was 

used to investigate the extent of dredged material releases into Darwin Harbour. The scenarios 

investigated included various combinations of dredge locations, types of dredge and seasonal wind 

conditions. 

A summary of the scenarios applied to the modelling is provided in Table 6.1. 

Table 6.1 Summary list of scenarios for Current NCIS-5 Dredging 

Scenario Layout Dredge Type Model Source 
Locations 

Hydrodynamic Scenario 

1 Current NCIS-5 
Dredging 

Stage 1 - CSD ReleaseCSD 

Op4_CSD01 

  

Tide Only 

2 Wet season conditions 

3 Dry Season conditions 

4 Stage 2 – Backhoe 
dredging 

Opt4_Backhoe Tide Only 

5 Wet season conditions 

6 Dry Season conditions 

A further suite of simulations was undertaken to investigate the future eastern wharf dredging 

(Table 6.2). These scenarios assumed that dredging would be undertaken in parallel with the 

construction of the various elements of this development, for example, during the removal of the 

existing eastern breakwater (but prior to the reconstruction of a new eastern breakwater). 

Table 6.2 Summary list of scenarios for Future Eastern Wharf Dredging 

Scenario Layout Dredge Type Model Source 
Locations 

Hydrodynamic Scenario 

7 Future Eastern 
Wharf 
Dredging 

Stage 1 - CSD ReleaseCSD 

FW_CSD01  

Tide Only 

8 Wet season conditions 

9 Dry Season conditions 

10 Stage 2 – Backhoe 
dredging 

FW_Backhoe Tide Only 

11 Wet season conditions 

12 Dry Season conditions 

6.2 REPRESENTATIVE HINDCAST PERIOD 

The model was run over a one month period in order to capture neap to spring tidal variability. 

The selected period that was modelled (3 November 2017 to 3 December 2017) overlaps with the 

data collection campaign discussed above. The data also captures one of the higher annual spring 

tide cycles, with a peak water level close to HAT and minimum water level close to LAT. These large 

tides will have correspondingly strong currents which are expected to advect released sediment 

further from the site than neap tides. 
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6.3 WIND SCENARIOS 

There is distinct wind seasonality in Darwin between the wet and dry seasons (described in Section 

2.3.3). Both ‘Wet’ and ‘Dry’ season cases were therefore modelled. 

North-westerly winds occur during the wet season monsoon and south-easterly winds in the dry 

season. A uniform steady wind speed of 5 m/s was adopted, from the east-south-east (i.e. from 

120°N) for ‘Dry’ season scenario and from the west-north-west (i.e. from 300°N) for the ‘Wet’ 

season scenarios. The 5 m/s wind speed was adopted as it is a frequent condition based on the 

wind roses in Section 2.3.3. 
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7 Plume Prediction Outcomes 

7.1 HYDRODYNAMIC MODEL RESULTS 

7.1.1 Current works – NCIS-5 Dredging 

Snapshots were taken approximately one hour before the turn of the tide (shown in Figure 7.1). 

Figures 7.2 to 7.5 show instantaneous plots (i.e. ‘snapshots’) of the spring and neap ebb and flood 

tide current magnitudes and directions derived from modelling of the NCIS-5 planned 

development.  

 

Figure 7.1 Instantaneous ‘Snapshot’ Output Times 

The modelling shows the presence of swift currents across the entrance to the HMAS Coonawarra 

basin.  

Offshore currents west of the western breakwater are almost non-varyingly bidirectional, similar 

to the measured ADCP datasets in Section 5.3. The flood current direction sets towards 128° 

measured clockwise with respect to North. The ebb current sets towards 308° with respect to 

North. 

Modelled tidal currents are significantly reduced within HMAS Coonawarra basin compared to 

offshore due to the breakwaters deflecting the main current layer offshore. In the basin and to the 

east there is a separation bubble with backflow. A free shear layer is located between the backflow 

and the main current to the south. 

The dredge area is restricted to the HMAS Coonawarra basin. The proposed dredge thickness of 

0.4 m is small compared to the size of Darwin Harbour and the large tide range. Thus very little 

change to the hydrodynamics is expected due to this dredging. 
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Figure 7.2 Depth averaged currents (m/s)  - Snapshot at 12/11/2017 14:00 – Flood tide, neap condition - 

NCIS-5 current works 
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Figure 7.3 Depth averaged currents (m/s) - Snapshot at 12/11/2017 21:00 – Ebb tide, neap condition - 

NCIS-5 current works 



Dredging Modelling 
 

 PED752-005-TD-EV-REP-0005 Rev. 1 | 9 February 2022 | Page 51 

 

Figure 7.4 Depth averaged currents (m/s) - Snapshot at 18/11/2017 13:00 – Ebb tide, spring condition - 

NCIS-5 current works 
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Figure 7.5 Depth averaged currents (m/s) - Snapshot at 18/11/2017 19:00 – Flood tide, spring condition - 

NCIS-5 current works 
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7.1.2 Future Development – Eastern Wharf Area 

Figure 7.6 and 7.9 show snapshots of the spring and neap ebb and flood tide currents directions 

and magnitudes derived from the modelling for the future dredging scenarios. This modelling 

assumes that the proposed construction of the new relocated breakwater has not been completed 

prior to commencement of dredging. The far field currents are unchanged relative to today’s 

condition, by this assumption. Some small, localised effects are observed due to the temporary 

removal of the eastern breakwater. 

7.2 SEDIMENT PLUME PREDICITON RESULTS 

7.2.1 Effect of tide on plume dispersion 

The discharge of dredging material in Darwin Harbour from the “Current NCIS-5” proposed works 

was modelled over a representative one-month period in order to capture a spring and neap tide 

period. The period from 3 November 2017 to 3 December 2017 was adopted and provides overlap 

with available wind, wave, tide and currents data capture. As the model achieved ‘dynamic 

equilibrium’ the behaviour of the sediment plumes at the end of the model runs is representative 

of dredging beyond the one month modelled. After the completion of dredging the plumes will 

decay over a few days (not modelled). 

The period was conservatively assessed for a tide only condition as it represents a worst-case 

scenario for plume dispersion locally at the site due to reduced mixing compared with scenarios 

that include wind. 

Stage 1 – Cutter Suction Dredging and Nearshore Discharge 

The discharging of CSD derived dredged material in the nearshore environment is the major source 

of sediment plumes due to having the highest mass flux and the location being outside the HMAS 

Coonawarra harbour. By comparison the BHD bucket and CSD cutter head leakages have a lower 

mass flux and are located within the harbour entrance, resulting in less dispersion into Darwin 

Harbour. 

Figures 7.10 to 7.13 show typical CSD discharge flood and ebb plumes for both the spring and neap 

tide conditions. ‘Snapshots’ are instantaneous results from the model at the specified time.  

Figures 7.10 and 7.12 are provided to show the plume carried southward into Darwin Harbour and 

toward Stokes Hill and Frances Bay by the flood currents (neap and spring tide conditions 

respectively).  

Figures 7.11 and 7.13 show a snapshot of a typical ebb current direction tending north-west 

toward the Darwin Harbour entrance (neap and spring conditions respectively).  

The highest modelled suspended sediment are modelled during the neap flood tide, with a 

reduction in sediment concentration peaks during the spring flood and ebb tides. The plume tends 

to disperse more quickly on ebb currents.  

More plume dispersion is also indicated on spring tides, compared with neaps for the same reason. 

Similar plume behaviours were observed during the HMAS Coonawarra maintenance dredging 

campaign carried out in 2007, which utilised the same dredge methodology and discharge location 

as the proposed Stage 1 dredging. 

This behaviour also correlates to the timeseries reporting locations upstream and downstream of 

the discharge site. Output locations are described in Figure 7.14. Several timeseries outputs are 

provided in Figures 7.15 to 7.20.  

The model indicates a short narrow plume close to the CSD discharge (a “red line” in the figures). 

This plume then spreads when it passes between the nested “Basin model” and the “Darwin 
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model”. This is because the Basin model has a 20 m by 20 m computation grid whereas this grid is 

100 m by 100 m in the Darwin model. The narrow plume in the Basin model becomes a “sub-grid 

feature” in the Darwin model. The mathematics has to fully mix the plume across several Darwin 

model cells in order to conserve mass of sediment. This is a localised internal boundary effect that 

does not affect the indicated far field suspended sediment concentrations. 
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Figure 7.6 Depth averaged currents (m/s) - Snapshot at 12/11/2017 14:00 – Flood tide, neap condition – 

Future Eastern Wharf Development 
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Figure 7.7 Depth averaged currents (m/s) - Snapshot at 12/11/2017 21:00 – Ebb tide, neap condition – 

Future Eastern Wharf Development 
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Figure 7.8 Depth averaged currents (m/s) - Snapshot at 18/11/2017 13:00 – Ebb tide, spring condition – 

Future Eastern Wharf Development 
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Figure 7.9 Depth averaged currents (m/s) - Snapshot at 18/11/2017 19:00 – Flood tide, spring condition – 

Future Eastern Wharf Development 
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Figure 7.10 Suspended sediment concentrations above background – Instantaneous result of suspended 

sediment concentrations at 12/11/2017 14:00 – Flood tide, neap condition – CSD dredging with nearshore 

discharge– NCIS-5 current works 
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Figure 7.11 Suspended sediment concentrations above background - Instantaneous result  at 12/11/2017 

21:00 – Ebb tide, neap condition – CSD dredging with nearshore discharge– NCIS-5 current works 
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Figure 7.12 Suspended sediment concentrations above background - Instantaneous result  at 18/11/2017 

19:00 – Ebb tide, spring condition – CSD dredging with nearshore discharge– NCIS-5 current works 
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Figure 7.13 Suspended sediment concentrations above background - Instantaneous result  at 18/11/2017 

13:00 – Flood tide, spring condition – CSD dredging with nearshore discharge– NCIS-5 current works 
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Figure 7.14  Output locations for modelled suspended sediment concentration timeseries 
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Figure 7.15  Timeseries output location TS01 – CSD dredging with nearshore discharge – Suspended 

sediment concentrations above background - NCIS-5 current works 
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Figure 7.16  Location TS02 - CSD dredging with nearshore discharge– Suspended sediment concentrations 

above background – NCIS-5 current works 
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Figure 7.17  Timeseries output location TS03 – CSD dredging with nearshore discharge– Suspended 

sediment concentrations above background - NCIS-5 current works 
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Figure 7.18  Timeseries output location TS04 – CSD dredging with nearshore discharge– Suspended 

sediment concentrations above background - NCIS-5 current works 
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 Figure 7.19 Timeseries output location TS05 – CSD dredging with nearshore discharge – Suspended 

sediment concentrations above background - NCIS-5 current works 
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Figure 7.20  Timeseries output location TS06 – CSD dredging with nearshore discharge– Suspended 

sediment concentrations above background - NCIS-5 current works 
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Instantaneous plots show the extent of the plume running to the north and south-east of the site, 

aligned with the hydrodynamics (shown in Section 7.1). The outermost depth averaged suspended 

sediment concentration above background contour in Figures 7.10 to 7.13 is 0.001 kg/m3 = 

1.0 mg/L ≈ 1.0 NTU. This concentration would not be visible.  

The 0.001 kg/m3 suspended sediment concentration above background plume extents up to 

approximately 10 km from the site to the north, and approximately 5 km from the site to the 

south, dominated by the source from the discharge point. This asymmetric extent aligns with the 

asymmetry of the tidal currents, with ebb currents (tending toward the north), being 50 to 100% 

higher than flood currents (toward the south-east) in some instances.  

Some effect of the CSD dredge head loss on elevated concentrations is observed within the HMAS 

Coonawarra basin, but is contained mostly within the extents of the basin. 

Frequency distributions of depth averaged suspended sediment concentrations are provided in 

Figures 7.21 to 7.22 as 90th and 95th percentile extents (i.e., 10% and 5% exceedances respectively). 

The plume shapes show similar patterns in spatial distribution but slightly larger extent than in the 

Figures 7.10 to 7.13 snapshots as they represent a probabilistic extent over the whole 30 day 

simulation period. Elevated suspended concentrations (e.g., > 0.1 kg/m3) are indicated but only 

close to the discharge location within an approximately 50 m radius. The time series plots Figures 

7.15 to 7.20 indicate that these high values are only present for short periods of time (~1-2 % of 

the total time). 

As shown in the timeseries outputs, the peak concentrations are episodic (related mostly to the 

daily release times and tide cycles). When considering the overall dredging program, which has 

periods where dredging occurs ‘on’ and ‘off’, the percentile exceedance plots provide a 

representation of the overall effects of the whole dredging period. These percentile plots show 

that overall the suspended sediment plume is confined to ~50 m of the dredger and ~900 m of the 

release point when considering elevated concentrations above background greater than 0.01 

kg/m3 (10 mg/L).  

The highest concentrations in the far-field are indicated during neap periods. This is due to 

reduced advection due to the lower current speeds. This effect is indicated in the time series 

results at TS01, 02, 05 and 06. No significant neap tide elevations were indicated at TS03 and TS04 

within Cullen Bay due to the hydrodynamics tending toward the north-west and periodic ‘blocking’ 

of flow due to the presence of a sand shoal at the western extent of Cullen Bay. All timeseries plots 

show that the background concentrations peak during the dredging, but return close to 

background (i.e. close to Zero above background) at the cessation of dredging each day.  
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Figure 7.21  90th Percentile suspended sediment concentrations above background – CSD dredging with 

nearshore discharge– NCIS-5 current works 
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Figure 7.22  95th Percentile suspended sediment concentrations above background – CSD dredging with 

nearshore discharge– NCIS-5 current works 
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Stage 2 – Backhoe Dredging with offsite land disposal 

Figures 7.23 to 7.26 show model snapshots of plume concentrations above background resulting 

from backhoe dredging within HMAS Coonawarra harbour. Compared with the CSD sourced 

nearshore discharge, the plume from the backhoe dredging is much smaller. This is due to source 

being inside the HMAS Coonawarra harbour and the low spill rate of the backhoe dredge 

compared to CSD nearshore discharge.  

Percentile extents are provided in Figures 7.27 and 7.28 for the 90th and 95th percentile suspended 

sediment concentrations respectively. 

Plumes of interest from the backhoe dredging are largely contained within the HMAS Coonawarra 

basin, with the maximum plume extent (0.001kg/m3 contour) reaching approximately 1 km along 

the Larrakeyah coastline (south of Cullen Bay) at the northward extent, and approximately 600 to 

the west, following the currents along the coastline. This extent is also minimised due to the rapid 

dispersion of the small plume whilst the dredge was not operating at night, with modelling 

indicating a recovery to background within a matter of hours. 

Timeseries for the nearby TS01 and TS05 model reporting locations is also provided (Figures 7.29 

and 7.30) and indicate only very low suspended sediment concentrations which would be 

undetectable in the field. No suspended sediment concentrations of interest (i.e. less than 0.001 

kg/m3) were detected in the far-field which would have an effect at the reporting locations.  



Dredging Modelling 
 

 PED752-005-TD-EV-REP-0005 Rev. 1 | 9 February 2022 | Page 74 

 

Figure 7.23 Suspended sediment concentrations above background - Instantaneous result  at 12/11/2017 13:00 – Ebb 

tide, spring condition – Backhoe dredging – NCIS-5 current works 
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Figure 7.24 Suspended sediment concentrations above background - Instantaneous result  at 12/11/2017 

21:00 – Ebb tide, spring condition – Backhoe dredging – NCIS-5 current works 
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Figure 7.25 Suspended sediment concentrations above background - Instantaneous result  at 18/11/2017 

13:00 – Ebb tide, spring condition – Backhoe dredging– NCIS-5 current works 
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Figure 7.26 Suspended sediment concentrations above background - Instantaneous result  at 18/11/2017 

19:00 – Ebb tide, spring condition – Backhoe dredging– NCIS-5 current works 
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Figure 7.27  90th Percentile suspended sediment concentrations above background – Backhoe dredging 

with offsite disposal – NCIS-5 current works 
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Figure 7.28 95th Percentile suspended sediment concentrations above background – Backhoe dredging 

with offsite disposal – NCIS-5 current works 
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Figure 7.29 Timeseries output location TS01 – Backhoe dredging with offsite disposal – Suspended sediment 

concentrations above background - NCIS-5 current works 
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Figure 7.30 Timeseries output location TS05 – Backhoe dredging with offsite disposal – Suspended sediment 

concentrations above background - NCIS-5 current works 
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Suspended sediment concentrations predicted at the ‘TS’ are orders of magnitude lower than the 

CSD dredging (described in ‘Stage 1’ results above). Predicted elevated concentrations above 

background were observed for locations 1 and 5 of up to 7 x 10-4 kg/m3 or 0.7 mg/L. All other sites 

were approximately 1 x 10-4 kg/m3 (0.1 mg/L) or less. Results therefore indicate that the backhoe 

dredging is expected to have a very low impact at each of the reporting locations and beyond. 

Results at all timeseries sites are all below a 1 mg/L (1 x 10-3 kg/m3) threshold and as such no effect 

from the backhoe dredging is considered at the reported locations. These concentrations are not 

visible and don’t usually trigger any management action by the dredge operator. 

7.2.2 Effect of wind on plume dispersion 

Additional scenarios modelled the wind effects within Delft3D-PART module to investigate the 

sensitivity of the plume dispersion to wind. The horizontal wind velocity is used in PART to 

superimpose a vertical velocity profile over the depth-averaged velocity value from the tidal 

hydrodynamics and track particles spatially, influenced by this modified velocity profile. The effect 

the wind was excluded from hydrodynamics on the basis that wind has very little effect on the 

depth-averaged magnitude and directions of the tidal dynamics, with very strong tidal 

hydrodynamics dominating at the site (determined from correlation of winds with ADCP datasets). 

Superimposing a constant wind over the hydrodynamics for the one-month period produced 

unrealistic current distributions in 2D which would not eventuate in reality due to the strong tidal 

dynamics and deep water of Darwin. 

The effect of the superimposition of the wind-driven currents in Delft3D-PART applies mainly to 

surface particles and diminishes with depth in the model. Given the position of the source release 

at mid-depth (for nearshore discharge and backhoe dredging sources) and bottom (CSD and 

backhoe sources), combined with the high depth-averaged tidal currents (proportional to the 

effect of wind currents when depth-averaged), the influence that the wind inputs have on 

advection in the model is virtually nil. 

The time-averaged suspended sediment concentration with no winds (presented in Section 7.2.1) 

shows the highest suspended sediment concentrations. For comparison, the 90th and 95th 

percentiles are shown in Figures 7.31 and 7.32, corresponding to a 5 m/s north-westerly and 

Figures 7.33 and 7.34 corresponding to a 5 m/s south-easterly wind respectively are shown. 

Snapshots of instantaneous suspended sediment results for the wind scenarios are also provided in 

Appendix B. Modelled wind scenarios resulted in greater dispersion of the plume, with reduced 

concentrations predicted in the far-field plume extents under the wind conditions.  

The greater dispersion consequently decreased the increase in suspended sediment concentration 

to less than 0.01 kg/m3 (or 10 mg/L) within 1 km of the discharge release point. The timeseries 

results also demonstrated these findings (shown in Figures 7.15 to 7.20 in Section 7.2.1).  

No discernible difference was noted between the ‘Wet’ and ‘Dry’ season scenarios on the basis 

that the dispersion due to wind was the same and wind had very little influence on the 

superimposed hydrodynamics. As such, the main influence of wind on the model results is on 

dispersion and mixing. 
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Figure 7.31 Wet Season Wind Sensitivity - 90th Percentile suspended sediment concentrations above 

background – CSD dredging with nearshore discharge – NCIS-5 current works 
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Figure 7.32 Wet Season Wind Sensitivity - 95th Percentile suspended sediment concentrations above 

background – CSD dredging with nearshore discharge – NCIS-5 current works 
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Figure 7.33 Dry Season Wind Sensitivity - 90th Percentile suspended sediment concentrations above 

background – CSD dredging with nearshore discharge – NCIS-5 current works 
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Figure 7.34 Dry Season Wind Sensitivity - 95th Percentile suspended sediment concentrations above 

background – CSD dredging with nearshore discharge – NCIS-5 current works 
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7.2.3 Future Eastern Wharf Dredging 

The dredging associated with the upgrades for the future eastern wharf dredging works were also 

assessed. The model was run for the same representative one-month period (3 November 2017 to 

3 December 2017). 

‘No wind’ (tide only) results are provided including snapshots of representative flood and ebb 

conditions (Figures 7.35 to 7.40 for CSD and Figures 7.41 to 7.44 for Backhoe dredge scenarios). 

Percentile plots (Figures 7.39 to 7.40 and 7.45 to 7.46) are also provided showing the spatial 

distribution of 90th and 95th percentile concentrations. Comparisons between the Future Eastern 

Wharf dredging, and current NCIS-5 works (presented in Sections 7.2.1 and 7.2.2) have been made 

based on these results. 

A full suite of modelling results, including timeseries outputs for all six timeseries reporting sites 

(discussed in Section 7.2.1), as well as results for ‘wet’ and ‘dry’ season wind scenarios is available 

in Appendix B. 

Overall, plume behaviours exhibited similar behaviours for the future eastern wharf and current 

NCIS-5 works. Extents of impact are governed by the nearshore discharge, the location and output 

of which are the same as the NCIS-5 dredging.  

Some model suspended sediment concentrations above those indicated in the Current NCIS-5 

modelling are observed east of the HMAS Coonawarra basin as a result of the plume source being 

closer to the shore and then being more easily advected to the east by increased easterly currents 

enabled by the removal of the eastern breakwater. These minor increases are observed only in the 

95th percentile exceedances plots and occur for only a very small proportion of the time. 
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Figure 7.35  Suspended sediment concentrations above background - Instantaneous result of suspended 

sediment concentrations at 12/11/2017 14:00 – Flood tide, neap condition – CSD dredging with nearshore 

discharge– Future Eastern Wharf dredging 
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Figure 7.36  Suspended sediment concentrations above background - Instantaneous result of suspended 

sediment concentrations at 12/11/2017 21:00 – Ebb tide, neap condition – CSD dredging with nearshore 

discharge– Future Eastern Wharf dredging 



Dredging Modelling 
 

 PED752-005-TD-EV-REP-0005 Rev. 1 | 9 February 2022 | Page 90 

 

Figure 7.37  Suspended sediment concentrations above background - Instantaneous result of suspended 

sediment concentrations at 18/11/2017 13:00 – Ebb tide, spring condition – CSD dredging with nearshore 

discharge– Future Eastern Wharf dredging 
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Figure 7.38  Suspended sediment concentrations above background - Instantaneous result of suspended 

sediment concentrations at 18/11/2017 19:00 – Flood tide, spring condition – CSD dredging with nearshore 

discharge– Future Eastern Wharf dredging 
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Figure 7.39  90th Percentile suspended sediment concentrations above background – CSD dredging with 

nearshore discharge– Future Eastern Wharf dredging 
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Figure 7.40  95th Percentile suspended sediment concentrations above background – CSD dredging with 

nearshore discharge– Future Eastern Wharf dredging 
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Figure 7.41  Suspended sediment concentrations above background - Instantaneous result of suspended 

sediment concentrations at 12/11/2017 14:00 – Flood tide, neap condition – Backhoe dredging – Future 

Eastern Wharf dredging 
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Figure 7.42  Suspended sediment concentrations above background - Instantaneous result of suspended 

sediment concentrations at 12/11/2017 21:00 – Ebb tide, neap condition – Backhoe dredging – Future 

Eastern Wharf dredging 
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Figure 7.43  Suspended sediment concentrations above background - Instantaneous result of suspended 

sediment concentrations at 18/11/2017 13:00 – Ebb tide, neap condition – Backhoe dredging – Future 

Eastern Wharf dredging 
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Figure 7.44  Suspended sediment concentrations above background - Instantaneous result of suspended 

sediment concentrations at 18/11/2017 19:00 – Flood tide, neap condition – Backhoe dredging – Future 

Eastern Wharf dredging 
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Figure 7.45  90th Percentile suspended sediment concentrations above background – Backhoe dredging – 

Future Eastern Wharf dredging 
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Figure 7.46  95th Percentile suspended sediment concentrations above background – Backhoe dredging – 

Future Eastern Wharf dredging 
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7.3 SEDIMENT DEPOSITION 

7.3.1 Settleable solids assessment 

Course-grained sediments (i.e., coarse sands and gravels) were not included in the PART modelling 

as these materials quickly settle out of suspension. In reality, a proportion of the dredge discharge 

will include settleable solid material will also incorporate clay balls (where clay material binds 

during the dredging and pipeline delivery) and rock fragments.  

During the initial release at the pipeline, coarse-grained dredge sediment including large particles 

and ‘balls’ of cohesive clay material that falls straight to the seabed, with most of the sediment 

settling quickly within a radial area of the release point. The deposition of this material is related to 

the material type, fall velocity, as well as other factors which overcome advection processes (which 

transport sediment further from the release point with time). 

The current velocities in Darwin Harbour are strong enough to move the lighter fraction of these 

coarse particles as bedload. This is a different sediment transport mechanism to that modelled 

above, which is fine material (i.e. flocculated clay) suspended load only. The transport of this 

coarse sediment will be quite slow, as bed forms (i.e. sand waves). A high-level assessment of the 

initial deposition area of course-grained sediments was therefore carried out based on the 

calculated settling velocity (Furguson, & Church, 2004) and typical current speeds and directions 

(See Section 3.3.5). The purpose of this assessment was to understand the likely extent of an initial 

CSD discharge.  

The range of calculated settling velocities applied to the assessment is provided in Figure 7.1 and 

ranged from a 1 mm grain size (coarse sands and gravel), to a 20 mm grain size (smaller fraction of 

rock fragments and cohesive clay material) to estimate the extents. Coarser material and rock 

would be expected to fall out of suspension more quickly, close to the discharge point, with the 

smaller fractions assessed falling furthest from the source point.  

Using the settling velocities calculated in Figure 7.51, an envelope of the predicted deposition of 

coarse-grained material was calculated (Figure 7.52). 

 

Figure 7.47 Calculated settling velocities of coarse-grained material (Calculated using Furguson & Church, 

2004) 

Based on this assessment, and with consideration of a spring flood and ebb currents from the 

‘Bed2’ ADCP data (Section 5.3.2), the immediate deposition area is predicted to extend 

approximately 300 m to the north-west and approximately 200 m to the south-west of the site. 

Further assessment on the longer-term fate of dredge plumes was carried out separately per 

Section 7.3.2. 
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Figure 7.48 Coarse-grained sediment deposition envelope 
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7.3.2 Long-term deposition 

Further assessment of the longer-term fine sediment plume fate is derived using the bed shear 

stresses. The maximum indicated bed shear stresses are presented in Figure 7.53. Currents (and 

bed shear stresses) close to the project site are highest near the entrance to HMAS Coonawarra 

basin, with these strong currents prevent the deposition of fine sediments.  

Currents (and resulting bed shear stress) near to the project site are highest toward the entrance 

to HMAS Coonawarra basin, with the higher currents promoting the continual suspension and 

movement of bed sediments in the region.  

Some material will be transported northward on the ebb tide currents, while some will be 

transported into Darwin over the longer term. It’s considered that approximately 50% of the 

discharged fine dredged material will ultimately be deposited into Darwin Harbour, south of the 

line between HMAS Coonawarra and Mandorah. 

In areas where the modelled bed shear stress is lower than the critical bed shear stress for erosion 

of fine and sand particles, material will settle out of suspension.  

Following the Parthenaides and Krone method, the critical bed shear stress for fine sediment 

deposition is about 0.1 N/m2 (dark blue in Figure 7.49).  

In reality, bed shear stresses fluctuate with the tide from close to zero N/m2 up to the maximum 

values shown in Figure 7.49, however the period of time where the shear stresses remain below 

0.1 N/m2 in some areas may be in the order of 10 to 30 minutes and not long enough to promote 

settlement of fine materials (which require longer periods of time to settle out of suspension). 

Areas where bed shear stress is consistently below this criteria level will result in deposition of 

material over the longer term. As a result, fine materials (marine sediments) generally fall out of 

suspension around small pocket beaches, on mangrove fringes and in low-flow areas (in river 

reaches and enclosed basins). These areas are typically within the intertidal areas of Darwin 

Harbour (for example between Mean Sea Level, MSL and Highest Astronomical Tide, HAT). 

In areas where the bed shear stress is greater than 2 N/m2, erosion is initiated. At the proposed 

discharge location, bed shear stress is very high (above 2 N/m2) due to the water depth and high 

current speeds. As such, it is unlikely that a significant proportion of released dredge material will 

reside close to the discharge location, instead being quickly removed and dispersed throughout 

Darwin Harbour with the normal natural sedimentation processes. 

This leads to a natural continual circulation of fine-grained sediments within Darwin Harbour, 

ultimately settling in the areas with a constant low bed shear stress. Darwin has a high natural 

sediment circulation due to these erosion and deposition processes and as such, fine sediment 

accretions as a result of dredging would be unlikely to be detectable over the longer-term. 
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Figure 7.49 Maximum bed shear stress in Darwin Harbour (N/m2) 
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8 Conclusion 

The modelling of the dredging and dredged sediment disposal for the NCIS-5 current works 

development provides an understanding of the areas of Darwin Harbour which would be affected 

by suspended sediment plumes. “Tide Only” (No wind) scenarios provide a conservative estimate 

of the plume extent and show that the largest extent is associated with the release of dredged 

sediments into the nearshore areas adjacent to the basin. In practice, plume concentrations would 

be expected to be lower as the result of the mixing effects of wind, freshwater flows and waves.  

Plume dispersion is dominated by advection by the tidal currents, due to Darwin’s large tidal 

range. Plume predictions indicate that the maximum extent of dredge plumes reach approximately 

5 km to the north-west and south-west of the site (to a 1 mg/L or 0.001 kg/m3 concentration 

above background). In practice, a 1 mg/L increase would be difficult to differentiate in the field 

from background variability.  

The area impacted by an elevated suspended sediment concentration as a result of proposed 

Cutter Suction Dredging (CSD) works is contained within a narrow section extending approximately 

5 km to the north and south of the site (to a 10 mg/L or 0.01 kg/m3 concentration), governed 

mostly by the tidal current behaviours. The suspended sediment plume is not predicted to affect 

areas such as Fannie Bay, with the strong tidal currents directing the plumes in a consistent flood 

and ebb direction, due to the strong bi-directionality of the hydrodynamics.  

These largest extents are associated with CSD dredging and discharge of fine materials. Similar 

dredging has been undertaken in the past and the measured plume extents from these past 

campaigns generally align with the current modelled predictions (albeit the modelling results are 

conservative by comparison). 

Modelling of the backhoe dredging, required to target hard dredge material, indicates that the 

impacts of elevated suspended sediment concentrations will largely be contained within the HMAS 

Coonawarra harbour basin. This is due to the removal and disposal of this dredge material being 

undertaken via barges and taken to an offsite location, meaning only relatively minor release of 

sediment from the dredge itself, when compared with the proposed CSD and discharge. 

Whilst the realised dredge types, quantities, duration and conditions of operation may vary slightly 

from the assumptions, these predicted plumes are based on conservative modelling assumptions 

regarding the material types and dredge operation.  

A separate assessment of settled sediment deposition was undertaken. Some ‘heavy material’ (e.g. 

clay balls, coarse grained material and rock fragments) will deposit in an initial deposition area 

within approximately 350 m of the release location. This would be a small proportion of the overall 

dredge volume, with the bulk of the volume consisting of dispersed fine material. The high bed 

shear stresses at the release location indicate that the majority of finer material (including sands) 

will be quickly eroded and redistributed throughout the harbour via natural continual erosion and 

deposition processes.  

The assessment of the impacts of dredging and disposal were also consistent for the proposed 

Future Eastern Wharf dredging which may be undertaken several years following completion of 

the NCIS-5 works. 
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