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Abstract 
Fremantle Ports is proposing to develop infrastructure for a new shipping harbour in Cockburn Sound, Western 
Australia.  The harbour project, known as Kwinana Quay, will include a large reclaimed area that will support 
expanding container trade.   The reclamation will be created by dredging more than 10 Mm3 of sand and rock using a 
large cutter suction dredge.  An integrated modelling study was completed to assess the impact of the expected 
suspended sediment plumes on the ecology of Cockburn Sound.  DREDGEMAP, an advanced sediment fate model 
was validated against previous dredging works in Cockburn Sound and then used to simulate the Kwinana Quay 
dredging program.  Model inputs included hydrodynamic and wave data from external models, as well as detailed 
dredging, geotechnical and sediment source parameters to generate a three-dimensional total suspended solids 
concentration data set.  The data set was processed to allow the expected impact on light attenuation to be assessed 
using parameters derived from site specific laboratory tests.  These results were correlated to known habitat areas to 
translate the effect on light climate to seagrass and benthic habitat health.  The effects of suspended sediment plumes 
on snapper spawn and larvae during the spring and summer periods were also assessed, based on the results of eco-
toxicology tests conducted using replicated dredge-generated sediment.   
 
1 Introduction 
Fremantle Ports (FP) is proposing to develop a new 
shipping harbour in Cockburn Sound, Western 
Australia to support expanding container trade  The 
harbour project, known as Kwinana Quay, includes a 
large reclaimed area approximately 1 km offshore 
linked to the coast by an open spanned bridge (Figure 
1).  A key issue for the project is the potential impacts 
on the ecology of Cockburn Sound from suspended 
sediment plumes generated by access channel dredging 
and reclamation activities. 
 

 
Figure 1. Kwinana Quay layout (Oceanica, 2009a). 
 
An integrated modelling study was completed to 
assess the magnitude of the potential impacts of 
suspended sediment plumes.  Asia-Pacific ASA 

(APASA) conducted detailed dredge dispersion 
modelling using an advanced sediment fate model, 
DREDGEMAP.  The model, was validated against 
previous dredging works in Cockburn Sound and then 
used to simulate the Kwinana Quay dredging program.  
Model inputs included hydrodynamic and wave data 
from external models, together with detailed dredging, 
geotechnical and sediment source parameters to 
generate a three-dimensional total suspended solids 
concentration (TSSC) data set. 
 
The three-dimensional TSSC data set was 
subsequently related to light attenuation coefficient 
(LAC) for assessment of the impact on seagrass health.  
In addition the effects of TSSC on snapper spawn and 
larvae during the spring and summer periods were also 
assessed, based on the results of eco-toxicology tests 
conducted using replicated dredge-generated sediment. 
 
2 Dredge Model Methodology  
2.1 Model description 
The fate of sediment suspended by the proposed 
dredging operations was simulated using a three-
dimensional, sedimentation process modelling system, 
DREDGEMAP.  The model is an enhanced version of 
SSFATE a model developed by Applied Science 
Associates (ASA) in collaboration with the U.S. Army 
Corps of Engineers.  The model was enhanced to 
include the processes of wave and current induced re-
suspension of material, more detailed specification of 
the source parameters and advanced post-processing 
tools.  DREDGEMAP predicts the transport, 
dispersion, settling and re-suspension of sediment 
released to the water column by dredging operations.   
 
The total mass of sediments suspended over time is 
represented by a defined sub-sample of Lagrangian 
particles, allocating an equal proportion of the mass to 
each.  The initial size distribution of the sediments is 
used to apportion the sample of Lagrangian particles to 
size classes.  The model uses specifications for five 
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sediment size classes: coarse and fine sands, coarse 
and fine silts, and clays.  
 
Horizontal transport, sinking and turbulence-induced 
rise of each particle is modelled independently based 
on wave and current conditions at each time step.  
Sinking rates are calculated using Stokes equations, 
based on the size and density of the particle.  
Enhanced settlement rates due to flocculation and 
scavenging are accounted for in the model.  Deposition 
is calculated as a probability function of the prevailing 
bottom stress and local sediment concentration and 
size class. Matter that is deposited may be 
subsequently re-suspended into the lower water 
column if critical levels of bottom stress are exceeded.  
 
DREDGEMAP uses specifications of the mass flux, 
particle size distribution and vertical distribution of 
sediments to represent different types of sediment 
sources including mechanical or hydraulic dredges, 
sediment dumping practices or other sediment 
disturbing activities such as propeller wash. 
 
Model outputs include TSSC in both the horizontal 
and vertical planes and sedimentation patterns 
resulting from dredging operations.   
 
2.2 Summary of dredging operations 
The four main project phases associated with the 
proposed construction of Kwinana Quay are shown in 
Figure 2. The proposed development includes five 
dredged areas as indicated in blue on Figure 2.   
 

 
Figure 2. Sequence of key events (Oceanica, 2008b). 

Based on the proposed staging of the works, the 
dredging activities will be completed at four separate 
times with the bathymetric features changing as the 
stages of the project are completed.  The four stages at 
which the dredging activities will be completed along 
with the bathymetric features for each stage are 
outlined in Table 1.  
 
The proposed dredging methodology for all the dredge 
areas is to use a large cutter suction dredge (CSD) 
similar to Jan De Nul’s ‘Leonardo da Vinci’ dredge.  
The dredged material is to be pumped directly to a 
settling pond via a floating pipeline for use as 
reclamation fill.  Tail water from the settling pond will 
be returned to Cockburn Sound through a series of 
overflow pipes. 
 
Table 1. Dredging activities and the features included 
in the bathymetry for each stage of the works. 
 

Dredging Activity Bathymetry Description 

Dredging of Area 
A 

Causeway at full height and 
Stage 1 bund head present 

Dredging of Area 
B and C 

Causeway at full height, Stage 1 
and 2 island and Area A dredge 
channel complete 

Dredging of 
KBB1 channel 

Causeway partially removed (-
5m), Stage 1 and 2 island and 
Area A, B and C dredging 
complete 

Dredging of Area 
D 

Causeway partially removed (-
5m), Stage 1 and 2 island and 
Area A, B and C dredging 
complete, James Point Stage 1 
and 2  reclamations and dredge 
channel complete 

 
2.3 Representation of dredge operation in model 
To accurately represent the proposed dredge operation 
in DREDGEMAP detailed information was provided 
including dredge methodology, material types, 
quantities and production rates. 
 
During the dredging operations there will be two main 
sources of suspended sediment plumes: 
1. Direct suspension of material at the cutter head 

during dredging.  
2. Material suspended in the tail water flowing out of 

the settling pond.   
These two sources required alternative representations 
in the model as they produce different mass fluxes, 
vertical distributions of sediment concentration and 
particle-size. 
 
For each source the vertical distribution of sediment 
and particle-size distribution (PSD) used in the model 
were based on field measurements taken during the 
2007 Australian Marine Complex (AMC) dredging 
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operation (Oceanica, 2008a) and parameters 
determined to be appropriate in the model validation 
(APASA, 2008).  The validation parameters were 
determined based on matching modelled TSSC to field 
measurements taken during the AMC dredging 
operation.  The AMC dredging operation employed a 
similar dredging methodology to that proposed for the 
Kwinana Quay project.  The AMC site is in close 
proximity to the Kwinana Quay site in Cockburn 
Sound (Figure 1). 
 
The material that will be dredged for the Kwinana 
Quay project is generally comprised of 1- 2 m of sand 
and shell fragments, overlying and/or interbedded with 
Tamala limestone, which predominantly includes 
calcarenite, calcirudite, siliceous calcarenite and 
calcareous sandstone of variable strength (Evers 
Consult, 2008).  The harder proportion of this material 
is similar to the material dredged during the AMC 
operation.  The use of the validation parameters 
provides a conservative approach as the cutting of 
harder limestone material generally results in the 
production of a larger proportion of fines.  The amount 
of fines produced is important as the finer material 
remains in suspension longer and is more easily re-
suspended following initial settlement. 
 
2.3.1 Representation of sediment plume at the 

cutter head 
CSDs produce mixed size-fractions ranging from fine 
silts to small rock fragments.  Coarse material will 
settle relatively rapidly, however fine material remains 
in suspension for longer time periods.  The PSD used 
in the DREDGEMAP model for the cutter head source 
was based on field measurements taken around the 
cutter head during the AMC dredging operation.  The 
PSD of the suspended material measured in the field 
and subsequently used in the modelling was dominated 
by fine silt sized particles.  
 
In CSD operations material is typically observed to 
concentrate in the lower water column, with only small 
concentrations reaching the surface (Swanson et. al. 
2004).  This is consistent with field measurements 
from the AMC dredging operation and the validation 
results.  Accordingly, a vertical distribution with the 
majority of the suspended material in the bottom 2-3 m 
of the water column was used in the modelling for this 
study.  
 
The volume of material that will be suspended during 
the dredging operation is proportional to the 
production rate.  Published suspension rates for CSDs 
range from less than 0.1% to over 5% of the 
production rate, however data from the most 
comprehensive studies show suspension rates for 
CSDs are generally less than 0.5% (USACE, 2008).  A 
suspension rate of 0.3% has been used for this study 
based on sensitivity testing conducted during the 
validation study (APASA, 2008).   
 
In the model for Kwinana Quay the dredge production 
rate and the location of the dredge were varied in time 

for each dredge area.  The dredge movement and 
material volume time-series was based on the 
information provided on material breakdown, depth of 
the area being dredged and expected production rates.  
 
2.3.2 Representation of sediment plume from 

settling pond tail water 
The dredged material pumped to the settling pond will 
consist of mixed size-fractions.  The coarse material 
will settle relatively rapidly, while the fine material 
will remain in suspension longer.  The return water 
PSD used in the modelling was based on field 
measurements taken around the settling pond outflow 
during the AMC dredging operation.  The return water 
PSD has a higher proportion of fines than the cutter 
head PSD, because a proportion of the coarser material 
has dropped out of suspension and been deposited in 
the settling pond.  The PSD of the suspended material 
is dominated by fine silt and clay sized particles.  
 
The field measurements revealed that for the return 
water source the concentrations in the bottom waters 
were similar to those in the surface waters (APASA, 
2008).  Therefore a relatively evenly spaced vertical 
distribution has been used for modelling of the tail 
water outflow. 
 
The flow rate and volume of suspended material in the 
return water has been modelled based on the 
parameters determined in the validation study.  In the 
validation study the volume of water and material 
flowing into and out of the settling pond during 
dredging was estimated based on an average pumping 
rate for the pumps on the “Leonardo da Vinci” 
(APASA, 2008).  A similar size CSD is proposed to be 
used for the Kwinana Quay dredging operation and 
therefore the same pumping rate has been assumed for 
this modelling.  The flow rate was varied by ±25% 
according to production rate, so that at times with high 
production rates the flow rate and subsequently the 
mass of material in the tail water was assumed to 
increase and vice versa.  The location of the settling 
pond outflow for each dredging area is shown on 
Figure 4.   
 
2.4 Model Domain and Bathymetry 
The model domain is shown in Figure 3.  The domain 
was chosen in consultation with the project team to 
ensure that: 
·  boundary effects would not influence the results at 

the site 
·   Only very low concentrations of suspended 

sediment would travel beyond the domain.   
The base model bathymetry is also presented in Figure 
3.  A grid resolution of 25 m was selected so that the 
proposed causeway and reclamation area included in 
the Kwinana Quay layout would be adequately 
defined.  Four bathymetric grids were developed so 
that each dredge area scenario was run with an 
appropriate bathymetretric data set (see Table 1).  
Changes in the bathymetry at the project site for each 
of the dredge area scenarios are shown in Figure 4. 



 

 
Figure 3: Base model domain and bathymetry –black 
box shows the project site which is zoomed into to 
show the staged bathymetric grids in Figure 4. 
 
2.5 Environmental forcing 
DREDGEMAP is driven by a time series of current 
and wave parameters varying spatially across the 
domain.  For this project time series of modelled 
hourly wave conditions were provided by MP Rogers 
and Associates (MRA) and modelled hourly current 
conditions were provided by the Centre for Water 
Research (CWR) for each of the staged bathymetries.   
 
The project team selected a year to model that 
captured the range of meteorological conditions 
considered to be characteristic of Perth’s Coastal 
Waters.  The year of forcing inputs were cycled 
through twice to cover the 2 year dredging program.   
 
2.6 Simulation Scenarios 
The total proposed dredging program will cover 
approximately 105 weeks.  The four main model 
scenarios and the timings of each are:  
 
1. Dredging of Area A – 7.6 weeks  
2. Areas B and C– 66.2weeks 
3. KBB1 – 13 weeks 
4. Area D – 18.3 weeks 
 

  

  

Figure 4. Bathymetry at the project site for each of the 
staged grids used for the dredging of (1) Area A, (2) 
Area B and C, (3) KBB1 channel and berth pocket and 
(4) Area D.  The red dots indicate the location of the 
settling pond outflow. 
 
3 Dredge Model Results 
The three-dimensional TSSC data output from the 
model for each time step was post processed to 
produce depth averaged TSSC.  A constant 
background TSSC was added to the depth averaged 
TSSC, based on a value derived from a range of field 
measurement programs conducted in Cockburn Sound 
by Oceanica (2009a).  All TSS results presented in this 
paper are depth averaged and include background 
TSSC. 
 
The depth averaged TSSCs were then post-processed 
to assess the potential impacts against criteria for the 
protection of seagrass health and snapper spawning. 
 
3.1 Median TSSC 
Plots of the median TSSC over a two month period in 
summer and winter at different stages of the dredging 
operation are presented in Figure 5 and Figure 6 .  The 
plots give an indication of the spatial extents and 
general movement of the suspended sediment plume.  
 
The plume generally stays relatively close to the 
mainland, moving north and south along the coast.  
The direction of the plume movement is dependent on 
the season, with a northerly drift in summer and more 
southerly in winter.  Autumn and spring periods show 
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a mix of northward and southward plume movement as 
the currents within Cockburn Sound shift between the 
summer and winter patterns.   
 

 
Figure 5. Median TSSC for dredging of Area C during 
winter - 16th June to 11th Aug. 
 

 
Figure 6. Median TSSC dredging of Area D during 
summer- 6th Jan to 9th March. 
 
3.2 Assessment of impact on seagrass health 
Suspended sediment plumes generated by dredging 
cause light intensity at the seabed to reduce.  
Reductions in light can negatively impact seagrass 
health as the amount of time that the seagrass receives 
enough light to photosynthesise is decreased.  For this 
assessment seagrass shoot density has been used as the 
indicator of the health of seagrass populations in 
Cockburn Sound.  Modelled TSSC have been related 

to light intensity and in turn seagrass shoot density 
based on a seagrass health model provided by 
Oceanica (2009b).  The steps involved in relating 
modelled TSSC to seagrass health are summarised 
below.  For more details regarding the seagrass health 
model see Oceanica (2009b and 2009c). 
 
3.2.1 Seagrass health model 
Conversion of TSSC to a measure of seagrass health 
was conducted as follows: 
 
1. Hourly TSSC were converted to light attenuation 

coefficients (LAC).  The conversion was 
conducted using a relationship between TSSC and 
LAC derived from laboratory experiments 
commissioned by Oceanica/Fremantle Ports.  The 
suspended material utilized in the experiments 
was derived from locally sourced limestone 
ground to match measured post-dredging PSD 
curves (Partridge & Michael, 2009). 
 

2. Night time hours were removed taking into 
account the changing photoperiod throughout the 
year. 

 
3. Solar irradiance for each daylight hour was 

calculated based on mean daily solar irradiance 
values for each month in Perth and assuming a 
sinusoidal distribution throughout the day. 

 
4. Surface photosynthetically active radiation 

(SPAR) for each daylight hour was calculated as 
95% of solar irradiance assuming a 5% loss due to 
reflection at the water surface.  

 
5. Light intensity at the seabed (Iz) over the model 

domain was then calculated based on the SPAR, 
LAC and depth.  Iz was calculated for the 
modelled LAC values and for the background 
LAC level for each daylight hour to allow impacts 
to be quantified in terms of comparison to existing 
conditions.   

 
6. The calculated time-series of Iz for the modelled 

dredging case and background case were then 
compared to threshold light intensity values 
required to saturate seagrass photosynthesis, (Ik), 
provided by Oceanica (2009b). Ik values were 
provided for P. sinuosa (the most abundant 
species of seagrass in Cockburn Sound) at a range 
of water depths and were compared with 
calculated Iz values over the model domain.  
Cumulative counts of hours where Iz was greater 
than Ik were calculated for the modelled dredging 
case and background case.  This total count gives 
Hsat, which equals the amount of time that 
seagrass receives enough light to saturate 
photosynthesis over the model domain for the 
duration of the dredging program. 

 
7. The difference in the amount of time that seagrass 

receives enough light to saturate photosynthesis 



 

between the background and dredging cases 
(� Hsat) was then calculated.  

 
8. Threshold values for � Hsat defining potential 

changes in P. sinuosa shoot density have been 
developed by Oceanica (2009c) for shallow (<5m 
water depth) and deep areas.   

 
Zones of influence were then determined based on the 
calculated � Hsat values over the model domain, the 
water depths over the domain and the threshold values.  
Figure 7 presents the zones of influence for the full 
duration of the dredging program. Habitat areas and 
the shallow and deep areas are also indicated on the 
figure. 

 
Figure 7. Zones of influence for the duration of the 
dredging program based on depth thresholds for DHsat. 
 
The zone of potential influence includes the vicinity of 
the dredging areas, a zone southward along the coast 
down to Rockingham, and a small area to the north 
near Woodman Point.  The zone of potential influence 
includes some small sections of seagrass near the 
proposed offshore island, just south of the AMC and 
near Woodman Point.  It should be noted that seagrass 
shoot density in the potential zone of influence are 
expected to recover in less than 1 year.   
 
The predicted zone of moderate impact covers the 
vicinity of the dredging areas and two small areas, one 
to the south just below James point and one to the 
north near Woodman Point.  This zone of moderate 
impact includes some small sections of seagrass near 
Woodman Point.  Seagrass shoot density in the zone of 
moderate impact is expected to recover in less than 2 
years.   
 
The predicted zone of high impact is restricted to the 
dredging area and the area close to the settling pond 
outflow.  The zone of high impact is not predicted to 
intersect with any mapped seagrass areas. 
 

3.3 Assessment of the impact on snapper 
spawning 

Snapper spawning occurs each year in Cockburn 
Sound from mid/late September through to January.  
November generally has the highest abundance of eggs 
followed by October and December (Oceanica 2009a).  
Snapper spawning studies have been undertaken in 
Cockburn Sound as well as laboratory experiments to 
develop thresholds for snapper egg and larval survival 
under the influence of elevated TSSC (Partridge & 
Michael, 2008).  Based on the results of these studies 
Oceanica (2009a) have provided criteria to protect 
snapper larvae.   
 
In this study, the depth averaged TSSC were assessed 
against these threshold levels to determine the 
potential impacts of the proposed dredging program on 
pink snapper spawn, at the stages of their lifecycle 
when they are most sensitive to the effects of elevated 
TSSC. 
 
For each of the snapper spawning periods within the 
proposed dredging program, the percentage of time 
that the TSSC is above the “potential impact” 
threshold for more than 12 hours within a 24 hour 
period, is presented in Figure 8 and Figure 9.   
 
The zones where the “potential impact” threshold is 
reached are generally limited to the immediate vicinity 
of the dredging areas with the exception of a small 
area near Woodman Point. 
 
The “impact” threshold was predicted to be reached 
less than 2% of the time over the model domain for 
both snapper spawning periods. 
 

 
Figure 8. Percentage of time in October, November 
and December during the 1st year of dredging that 
TSSC is above the “potential impact” threshold for 
more than 12 hours in a 24 hour period. 
 



 

 
Figure 9. Percentage of time in October, November 
and December during the 2nd year of dredging that 
TSSC is above the “potential impact” threshold for 
more than 12 hours in a 24 hour period.  
 
4 Conclusions 
The major conclusions from the Kwinana Quay dredge 
dispersion modelling study include: 
·  The suspended sediment plume stays relatively 

close to the mainland, generally moving 
northward during summer and southward during 
winter.   

·  The predicted zone of potential influence includes 
the vicinity of the dredging areas, a zone 
southward along the coast down to Rockingham, 
and a small area to the north near Woodman 
Point.   

·  The zone of potential influence includes some 
small areas of existing seagrass near the proposed 
offshore island, just south of the AMC and near 
Woodman Point. 

·  The predicted zone of moderate impact covers the 
vicinity of the dredging areas and two small areas, 
one to the south just below James point and one to 
the north near Woodman Point.   

·  The zone of moderate impact includes some small 
sections of seagrass near Woodman Point.   

·  The predicted zones of high impact are restricted 
to the vicinity of the dredging areas and are not 
predicted to intersect with any mapped seagrass 
areas. 

·  Areas of potential impact on snapper spawn are 
generally limited to the immediate vicinity of the 
dredging areas with the exception of a small area 
near Woodman Point. 
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