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GLOSSARY

Bathymetry The study of underwater depth of ocean floors. Bathymetric (or
hydrographic) charts are typically produced to support safety of surface or sub-surface
navigation, and usually show seafloor relief or terrain as contour lines (called depth
contours or isobaths) and selected depths (soundings), and typically also provide
surface navigational information.

Bed-shear stress Forces exerted by the ocean on bed sediments (at rest). When bed
shear stress exceeds the critical shear stress for the bed sediments, the sediments wiill
become transported by the ocean.

Bottom Thickness Within this report sediment bottom thickness is used to describe
the thickness or height of sediment on the seafloor, according to the depositional load.
The predicted bottom thickness is reported in mm and was derived from the
composition of the placed material and predicted total sedimentation.

Clumping When sediment particles form a clustered mass, or lump of sediment.

Cumulative impacts Impacts resulting from the effects of one or more impacts, and
the interactions between those impacts, added to other past, present, and reasonably
foreseeable future pressures.

Cutter-section dredger A cutter-suction dredger's suction tube has a cutting
mechanism at the suction inlet. The cutting mechanism loosens the bed material and
transports it to the suction mouth. The dredged material is usually sucked up by a
wear-resistant centrifugal pump and discharged either through a pipe line or to a barge.
Cutter-suction dredgers are most often used in geological areas consisting of hard
surface materials (for example gravel deposits or surface bedrock) where a standard
suction dredger would be ineffective. In recent years, dredgers with more powerful
cutters have been built in order to excavate harder rock without the need for blasting.

Dredge footprint A designated area or areas where dredging operations of bottom
sediments are proposed to, or will, occur.

Dredging- Capital Dredging for navigation, to create new or enlarge existing channel,
port, marina and boat harbour areas. Dredging for engineering purposes, to create
trenches for pipes, cables, immersed tube tunnels, to remove material unsuitable for
foundations and to remove overburden for aggregate.

Dredging- Maintenance Dredging to ensure that previously dredged channels, berths
or construction works are maintained at their designated dimensions.

Entrainment Where suspended sediment is carried along by a current.

Flocculation The process of sediments forming naturally or by the addition of
flocculants larger aggregates, agglomeration or clusters of sediment particles.

Hydrodynamics The movement (dynamics) of water due to the action of tides, waves,
winds and other influences.

Hydrodynamic models Hydrodynamic models are generated by computer softwares.
A two-dimensional hydrodynamic model, although useful in many situations, is limited
to depth-averaged equations and therefore unable to resolve stratification or vertical
gradients. A three-dimensional model can determine the vertical distribution of
currents. It provides the most complete solution for any hydrodynamic system including
the formulation for the effects of bottom shear stress and surface wind shear stress. A
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3D hydrodynamic model is highly recommended as best practice because it provides
realistic simulation of the marine environment.

Hydrographic The physical and chemical features of the oceans.

Land reclamation When material is used to convert subtidal areas to dry land.
Reclamation involves filling, raising and protecting an area that is otherwise periodically
or permanently submerged. Land reclamation may also involve constructing perimeter
walls or enclosures to limit erosion using dredge rock.

Littoral sediment Sediment that is derived from the intertidal (littoral) coastal zone.

Parametric spectral inputs Using directional spectra (both speed and direction) wave
and wind data for modelling wave conditions.

Predictive modelling Used to model predicted sediment plume dispersion based on
location-specific threshold values of TSS and sedimentation rate.

Scavenging when chemical elements in the ocean are rapidly sorbed onto sinking
particles and removed to the sediments. The concentrations of scavenged elements
generally decrease with time. External processes will markedly change the
concentration of these elements because inputs or outputs are large relative to rates of
mixing.

Sedimentation Sedimentation occurs as the suspended sediments, contributing to
predicted TSS concentrations, settle onto the seafloor. In this report, sedimentation
rate is reported as milligrams (of sediment) per square centimetre (area) per day (time);
mg/cm?/d. The sedimentation rate was calculated using the difference between mean
hourly sedimentation from one day to the next within each model grid cell. Greater
rates of sedimentation reveal areas where there is a greater tendency of sediments to
be deposited from the overlaying water onto the receiving seafloor beneath. Sediments
tend to undergo multiple cycles of resuspension and further sedimentation according to
the prevailing hydrodynamic conditions, before ultimately coming to rest in an
environment where there is insufficient energy for further remobilisation. Plots of
sedimentation rates illustrate regions influenced by sediments in transit and not
necessarily the ultimate fate of the dredge spoil.

Sedimentation rate (mg/cm?/d) The amount of sediment depositing or accumulating
on the ocean floor per unit time, in milligrams per square centimetre per day.

Sediment consolidation is important in cohesive sediment transport. Primary
consolidation is caused by the self-weight of sediment, as well as the deposition of
additional materials. Primary consolidation begins when the self-weight of the sediment
exceeds the seepage force induced by the upward flow of pore water from the
underlying sediment. Primary consolidation ends when the seepage force has
completely dissipated. Secondary consolidation is caused by the plastic deformation of
the seabed under a constant overburden. It begins during the primary consolidation
and may last for weeks or months.

Sediment plume spatial extents For this project spatial extents of sediment plumes
associated with dredge material placement are modelled and expressed as median
(50™ percentile) and 95" percentile contours of a range of values of TSS (mg/L) and
sedimentation rate (mg/cm?/d).

Median (50™ percentile) contours represent “average” conditions, for example a 5 mg/L
TSS median contour shows locations where 5 mg/L is predicted to occur 50 per cent of
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the time during the modelling period. Areas enclosed by the contour are predicted to
experience TSS concentrations 2 5 mg/L more than half the time. Areas outside the
contour are predicted to experience 5 mg/L TSS less than half the time during the
modelling period.

The 95" percentile contours represent conditions 5 per cent of the time. For example,
areas outside the 95" percentile contour for 10 mg/cm?d sedimentation rate are
predicted to experience sedimentation of this intensity less than 5 per cent of the time
during the dredge material placement campaign.

Sedimentation rate (mg/cm?d). The amount of sediment depositing or accumulating
on the ocean floor per unit time, in milligrams per square centimetre per day.

Sediment transport The movement of solid particles (sediment), typically due to a
combination of the force of gravity acting on the sediment, and the movement of

the fluid in which the sediment is entrained. Sediment transport is affected by a range
of oceanographic factors including waves, currents and tides.

Sediment transport rate For this project sediment transport rates were calculated
using a hydrodynamic model applying the influences of large-scale current model
predictions, tides and local winds. The influences of these variables on hydrodynamics
and sediment transport were incorporated into the model by including vectors (the
direction or course followed).

Sensitive Receptors (sensitive marine environmental receptors) Certain key reef
marine organisms, habitats and communities are sensitive to dredging and at-sea
dredge material placement activities. Coral reefs, seagrass, macroalgal and
macroinvertebrate communities are ‘sensitive receptors’ that occur within the vicinity of
Great Barrier Reef Region ports. Impacts can result from both direct effects, for
example burial by dredge material and indirect effects such as reductions in light
availability to corals or seagrasses due to elevated suspended sediment concentrations
in the water column. Reduced health of these sensitive receptors could negatively
impact on the world heritage values of the Great Barrier Reef.

Shoaling The bottom effect which influences the height of waves moving from deep to
shallow water.

Surface current roses A diagrammatic representation of the proportion and rate range
(in metres/second) of daily current records flowing to a given direction.

Total Suspended Solids (TSS) (mg/L) As the sediment is released into the water
column, the model calculates the Total Suspended Solids (TSS) concentration, which
is a measure of the mass of fine particles suspended in the water column. Higher TSS
concentrations occur when more sediment is present in the water. In this report, the
maximum predicted concentration occurring throughout the water column in any given
grid cell at any time, i.e. maximum TSS concentration, is reported. Additionally, TSS
concentrations are presented as milligrams (of sediment) per litre (of water); mg/L. In
the case of this assessment, higher TSS concentrations inherently occur at the location
where dredged material is initially deposited at the material placement sites.

Total sedimentation (mg/cm?) Total sedimentation refers to the mass of suspended
solids (mg) that have settled onto a given area of the seafloor (cm?). In this report, total
sedimentation (mg/cm?) is reported as milligrams (of sediment) per square centimetre
(area). Reported total sedimentation values do not include a temporal component and
are reflective only for the reporting time/instance (like a snap-shot in time).
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Turbidity Turbidity is a measure of the degree to which the water loses its
transparency due to the presence of suspended particulates. The more total
suspended solids in the water, the higher the turbidity. There are various parameters
influencing the cloudiness of the water. Some of these are: sediments, phytoplankton,
resuspended sediments from the bottom, waste discharge, algae growth and urban
runoff.

Turbidity is measured in NTU: Nephelometric Turbidity Units using a nephelometer,
which measures the intensity of light scattered at 90 degrees as a beam of light passes
through a water sample.

Wave-induced liquefaction is an important factor for analysing the seabed and
designing marine structures. As waves propagate and fluctuate over the ocean surface,
energy is carried within the medium of the water particles. This energy could be
transmitted to the seabed, which results in the complex mechanisms of marine
sediment stability and behaviour and significantly affects the stability of the seabed.

White-capping coefficient The coefficient for determining the rate of white-capping
dissipation used to appropriately represent the energy loss due to white-capping.
White-capping or top breaking is steepness-induced wave-breaking, which occurs in
water depths where the wave height becomes too large compared to the wavelength.

Wind forcing (wind load) The speed of the wind or wind velocity acts as pressure
when it meets with a structure. The intensity of that pressure is the wind load. Wind
load (force) is calculated with the general formula:

Windload (force) = Area x Wind Pressure x drag coefficient.

XV



ACKNOWLEDGMENTS

Department of Sustainability, Environment, Water, Population and Communities
(DSEWPaC) for funding the research contained in this report and the Great Barrier
Reef Marine Part Authority is gratefully acknowledged for commissioning and defining
the scope of the work. We would also like to thank all of the attendees at the risk
assessment workshops held between 9-16 October 2012 for the six study locations
(Port of Cairns, Port of Townsville, Port of Abbot Point, Port of Hay Point, Port of
Gladstone and Rosslyn Bay State Boat Harbour) for their input, provision of data and
prompt feedback. We would like to provide additional thanks to BMT WBM and the
Australian Institute of Marine Science staff for providing current measurements used in
this assessment.

XVi



RELIANCE STATEMENT

This report has been prepared pursuant to the Contract between Sinclair Knight Merz
Pty Limited (SKM) and the Great Barrier Reef Marine Park Authority (the Client) dated
18 September 2012 as varied on 21 November 2012, 14 March 2013 and 17 June
2013 (the Contract). The scope of this report and associated services performed by
SKM was developed with the Client to meet the specific needs of the project.

In preparing this report, SKM has relied upon, and presumed accurate, information (or
confirmation of the absence thereof) provided by the Client and/or other sources
including port authorities. Except as otherwise stated in the report, SKM has not
attempted to verify the accuracy or completeness of such information. If the information
relied upon by SKM as at the date of issue of this report is subsequently determined to
be false, inaccurate or incomplete, then it is possible that the accuracy of SKM’s
observations and conclusions expressed in this report may be affected.

SKM warrant that it has prepared this report in accordance with the usual care and
thoroughness of the consulting profession, by reference to applicable standards,
guidelines, procedures and practices and information sourced at the date of issue of
this report. No other warranty or guarantee, whether expressed or implied, is made as
to the data, observations, and findings expressed in this report, to the extent permitted
by law except as provided for in the Contract between SKM and the Client.

SKM strongly recommends that this report should be read in full and no excerpts be
interpreted as representative of the findings. Except as provided for in the Contract, no
responsibility is accepted by SKM for use of any part of this report in any other context.

This report has been prepared on behalf of, SKM’s Client, and is subject to, and issued
in accordance with, the provisions of the Contract between SKM and the Client. SKM
accepts no liability or responsibility whatsoever for any use of, or reliance upon, this
report by any third party but this does not affect the obligation on SKM to indemnify the
Client in accordance with the terms of the Contract.

XVii



SUMMARY

The Australian and Queensland Governments have agreed to undertake a
comprehensive strategic assessment to identify, plan for, and manage risks within the
Great Barrier Reef World Heritage Area (World Heritage Area) and adjacent coastal
zone. The comprehensive strategic assessment comprises two elements. One is the
Great Barrier Reef Coastal Zone Strategic Assessment, being undertaken by the
Queensland Government. The other is the Great Barrier Reef Region Strategic
Assessment being led by the Great Barrier Reef Marine Park Authority (GBRMPA).
The comprehensive strategic assessment considers direct, indirect and cumulative
impacts of actions on matters of national environmental significance as defined by the
Environment Protection and Biodiversity Conservation Act 1999, the effectiveness of
existing environmental management arrangements, and the need for improved
management strategies.

Sinclair Knight Merz (SKM) and Asia-Pacific Applied Science Associates (APASA)
were commissioned to complete the ‘Improved Dredge Material Management for the
Great Barrier Reef Region’ project, which encompasses three tasks:

» Task 1. Conduct a literature review and cost analysis that synthesises the available
literature on the environmental and financial costs associated with land-based re-
use and land-based disposal options for dredge material at six study locations (Port
of Gladstone, Rosslyn Bay State Boat Harbour, the Port of Hay Point, the Port of
Abbot Point, the Port of Townsville, and the Port of Cairns)

= Task 2. Develop a generic water quality monitoring framework that can be applied
to any dredge material disposal site

= Task 3. Identify potential alternative dredge material placement areas within 50 km
of the six locations based on environmental, economic, operational, and social
considerations and hydrodynamic modelling. Model the migration of dredged
sediments when placed at existing and alternative material placement sites and
compare the risks to environmental values.

This report presents the findings of a sub-task of Task 3: modelling total suspended
solids (TSS) plumes and the migration of dredged sediments during placement (not
dredging) operations and over 12 months when placed at existing and hypothetical
alternative placement sites (referred to as Model Cases). The findings of this research
will be used in a subsequent report ‘Sensitive Receptor Risk Assessment of Alternative
and Current Dredge Material Placement Sites’ to assess the potential relative benefits
and risks associated with the placement of dredged material at alternative and current
material placement sites. The objectives of this study were to assess the relative merits
(if any) of dredge material placement at other sites.

The sediment plume modelling was based on relevant hypothetical placement
scenarios (i.e. dredged material volumes based on capital or maintenance material
characteristics, duration and dredging equipment) established in cooperation with port
operators but do not represent specific, past or proposed, dredging campaigns. This
study is a direct side-by-side comparison between alternative sites; as such it was
necessary to model the same frequency of dredge material placement at each site at
each location. It is acknowledged that this could not occur in practice, as several of the
alternatives assessed are at much greater distances from the dredge area than the
existing locations. This is an acknowledged limitation of the study but serves to achieve
the stated objective of a direct comparison between sites.




The research was based entirely on existing information and data available to SKM and
APASA. No field surveys of the existing environment were undertaken to support the
results of this study. This research is not an Environmental Impact Assessment (EIA) of
a specific dredging project, nor does it replace ElAs that have been conducted for
previous and currently proposed projects.

A key finding of this research was the existence of inter-annual variation of large-scale
currents across all five major ports, which in turn would influence sediment migration
patterns. The surface currents for the neutral (2007) and La Nifia (2011) years were
generally stronger and flowing towards the west-north-west, while in 2004 (El Nifio
conditions) the currents were weaker and more variable. The strongest currents
occurred during 2011, coinciding with stronger wind events. The presence of this inter-
annual variation in oceanographic conditions can be the cause of differences found in
dredge plume footprints between models. The extent of the dredge plume footprint is
dependent on what kind of year (neutral, La Nifia or El Nifio) the modellers have
chosen to model. In this case, as a precautionary approach, 2011 was selected as the
year as the year upon which to base the modelling because it was the most energetic
year of the eight-year data set assessed, therefore the model outputs provide an upper
bound (credible maximum) that dredge sediments could travel.

It should be noted that this research is the first to incorporate the combined influence of
waves, tides, local winds and large-scale currents when modelling the movement of
dredge material over 12 months at multiple locations. Large-scale currents are not
usually incorporated when modelling the fate of material placement and there is some
debate as to the influence of large-scale currents in inshore areas of the Great Barrier
Reef (the Reef). Like any research, it has limitations and has identified areas for further
research. As part of the further research, it would necessary to model the travel of
dredged sediment during multiple years (i.e. El Nifio, La Nifia and neutral years) while
holding other parameters constant. As it is not known what kind of oceanographic
conditions will occur at the time of the dredging it is important to predict what would
happen to the dredge plume during different types of years (i.e. El Nifio, La Nifia and
neutral). This would highlight the differences in dredge plume footprints as a result of
inter-annual variation and provide upper and lower bounds for the dredge plume
footprints and greater certainty in predicted extents.

The main results and recommendations that stem from this report are:

= The use of large-scale currents in modelling dredge plumes in the Reef is important
and their use is advocated in the ‘Guidelines to hydrodynamic modelling for
dredging projects’ produced by the GBRMPA (2012).

= The use of large-scale currents has highlighted that dredge material may travel
longer distances, through constant resuspension from the material placement site
than previously appreciated.

= There is considerable inter-annual variability of large-scale currents in the Reef,
which could influence sediment migration patterns. The surface currents for the
neutral (2007) and La Nifia (2011) years were generally stronger and flowing
towards the west-north-west, while in 2004 (El Nifio conditions) the currents were
weaker and more variable. The strongest currents occurred during 2011, coinciding
with stronger wind events. Therefore, as a precautionary approach, data from 2011
were selected for use in this study, as it was the most energetic year and provided
an upper bound that dredge sediments would travel.

= Offshore sites may not necessarily be more retentive than inshore sites. The use of
alternative placement sites needs to be assessed on a case-by-case basis
depending on the sensitive receptors which may be affected.



= The production of guidelines for environmental impact predictions by regulators
would enhance clarity and confidence for industry and consultants.

Like any study, this study had a number of limitations. For example, the model did not
take into account the consolidation of dredge material on the bottom, which gives an
upper bound for subsequent resuspension and migration. Furthermore, the project
scope precluded interactions and comparisons between dredge material and ambient
material. Additional modelling that incorporates ambient resuspension would provide
valuable insight into the relative contributions of dredge material and other sources of
sediment in the Great Barrier Reef Region (the Region) such as riverine inputs, and
their subsequent migration. This would be a direct contribution to improved capabilities
for cumulative impact assessment. Consideration of the effects of local-scale, shallow-
water wave action around reefs and coastlines and resultant sediment resuspension,
and tidal pumping and trapping of fine sediments into estuaries and mangroves, was
beyond the scope of the study. Finally, the influence of large-scale currents was
combined onto the same grid as the tide and local wind currents through vector
addition within every grid cell from the 10 m contour outward. There is debate on
whether this is an over-estimate in the forcing. To further quantify this approach,
recommended future work would involve using large-scale current model predictions as
boundary conditions for the tide and local wind current model.

The maps provided in this report were produced to enhance understanding of the
sometimes subtle differences between dredge material placement at alternative sites.
This does not necessarily imply that large amounts of sediment will be found at these
sites; in fact, in some cases the amount of total sedimentation is so small that it might
not be possible to measure. This was done purely to tease out a comparison between
sites. The modelling provided in this report, and the associated maps, are a first step in
understanding the potential patterns of sediment migration under a variety of
hypothetical material placement scenarios. The maps show the geographical extent of
where the sediment may migrate to, but do not necessarily imply ecological
significance. This report should be read in conjunction with the ‘Sensitive Receptor
Risk Assessment of Alternate and Current Dredge Material Placement Sites’, which
describes in more detail the ecological relevance of the thresholds that were selected
for the TSS, sedimentation rate and benthic deposition maps. The use of 100"
percentile TSS value in the case of Rosslyn Bay State Boat Harbour and Port of
Townsville was done purely to allow for comparisons between the alternate model
cases and current site at these study locations.

The maps and results of this study should not be taken out of the context of the
objective for which they were produced. They do not replace the need for detailed
EISs, nor can the results be extrapolated to other dredge scenarios, remembering that
what was modelled was specific for each port. This means, for example, that the
modelled scenario for Townsville, which involved the placement of 400,000 m? of
maintenance material, cannot be extrapolated to a 10 million m® capital dredging and
placement campaign. That would require a project-specific EIS and may have
substantially different results to those depicted in this report.

The modelling results for the six study locations showed:

Port of Gladstone

= The modelling predicted that TSS plumes migrated to the north-west for all of the
model case sites.



For 95 per cent of the time during the material placement operation the TSS
concentrations did not exceed 25 mg/L. Results for Model Cases 1 and 2 show the
10-24 mg/L contour extended up to 3 km and 10 km north—west, from the material
placement sites, respectively. Two isolated regions with concentrations of 10-24
mg/L were predicted 2 km and 10 km to the north—west from Model Case 3.

The 95™ percentile results showed that the sedimentation rate contours were
widespread. The sedimentation rates of 100 mg/cm?/d and greater for Model
Cases 1-3 included areas east of Curtis Island, Rundle, Hummocky and Keppel
Islands and also 10 km north-west from the material placement sites. The highest
sedimentation rate (> 250 mg/cm?/d) was within the boundary of the material
placement sites.

At the end of the 19-week campaign, the mean thickness across Model Case 3
was greater (101 mm) than compared to Model Case 1 and 2 (~96 mm). Therefore,
the results indicated that Model Case 1 was more retentive than the offshore sites
(Model Cases 2 and 3).

At the end of 12 months, total sedimentation of = 0.97 mm was predicted at the
eastern extent of Curtis Island and around Rundle Island, and 5 km from the
material placement sites for Model Cases 1 and 2. Results for Model Case 3
showed increased total sedimentation along the same regions but also included
Hummocky Island and Keppel Islands.

Rosslyn Bay State Boat Harbour

The modelling predicted that TSS plumes migrated to the north-north-west for the
model cases and material placement sites. TSS concentrations were predicted to
remain below 5 mg/L 95 per cent of the time for all three material placement
simulations.

The distribution of predicted sedimentation rates was very similar for Model Cases
1, 2 and current material placement site. The highest sedimentation rate (25—
49 mg/cm?/d) were limited to within a 1 km from the material placement sites.

The predicted mean increase in bottom thickness across the material placements
sites at day 90 was greater at the current material placement site, indicating that it
retained more sediment (~19 mm) than Model Cases 1 and 2 (13 mm and 11 mm,
respectively). Therefore the results indicated that current site is more retentive than
the offshore sites (Model Cases 2 and 3).

The modelling predicted that at the end of 12 months total sedimentation of
100 mg/cm? or greater (or bottom thickness of 1.11 mm or greater) was confined to
within 1 km from the material placement sites.

Port of Hay Point

Modelled TSS plumes migrated to the north-north-west for the Model Cases and
current material placement sites. Based on the 95" percentile, predicted
concentrations did not exceed 9 mg/L for Model Cases 1. For Model Case 2, the
95™ percentile results showed concentrations between 10-24 mg/L or lower were
predicted to be confined to within the boundary of the material placement site. In
comparison, the 10-24 mg/L TSS concentrations were predicted to extend up to
13 km north-north-west from the current material placement site.

The 95" percentile sedimentation rate results for Model Case 1, indicated that
rates of 100 mg/cm?/d or greater occurred south of Carlisle, Brampton and St Bees
Islands and the perimeter of the material placement site. Model Case 2 showed
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sedimentation rate of 100 mg/cm?/d or greater south of Carlisle and Brampton
Islands and around the boundary of the material placement site. The results for the
current site revealed isolated regions of 100 mg/cm?/d or greater (above
background) near the southern coastline of Brampton Island, a region
approximately 10 km in a north-north-west direction and around the perimeter of
the material placement site.

The mean bottom thickness at the end of the 155-day campaign was highest at the
current material placement site (98 mm) compared to Mode Case 2 (96 mm) and
Model Case 1 (89 mm). These results indicate that the current material placement
site was more retentive.

Modelling at the end of the 12 months predicted that for Model Cases 1 and 2 the
higher total sedimentation levels (= 100 mg/ cm?, equivalent to = 1.02 mm) were
confined to within 1 km from the material placement sites. Depositional values of
> 250 mg/ cm?® (= 2.56 mm) were predicted to extend approximately 2-4 km in all
directions from the current material placement site.

Port of Abbot Point

The 95" percentile analysis predicted that for the current site TSS concentrations
above 50 mg/L extended approximately 2.5 km west-north-west. Concentrations
between 10-24 mg/L were predicted to extend up to 15 km from the current
placement site. In contrast, modelling predicted smaller plumes of lower
concentration (less than 25 mg/L) for Model Cases 1 and Case 2. Concentrations
between 10-24 mg/L were predicted to extend up to 10 km north-west from the
boundary.

There were considerable differences in the sedimentation rate contours between
the existing material placement site and the two model case sites based on the 95"
percentile analysis. For Model Cases 1 and 2, rates of sedimentation of 100
mg/cm?/d or greater were predicted around the material placement sites. In
contrast, the results for the current material placement site showed elevated
sedimentation rates around the site, as well as along the coast near Cape Upstart
and adjacent to Alva.

The current material placement site was predicted to retain the greatest average
thickness at the end of the 56-day period (330 mm) compared to Model Case 1
(120 mm) and Model Case 2 (165 mm). The current material placement site was
predicted to be more retentive than the other model cases.

At the end of the 12 months, predicted higher total sedimentation levels
(> 100 mg/cm?, equivalent to = 0.97 mm) were within 5-10 km from the current
material placement site.

Port of Townsville

The TSS plumes were predicted to mainly disperse in a north-west direction for all
three modelled material placement sites.

The predicted TSS concentrations were 5 mg/L for 95 per cent of the time for all
three material placement sites. In order to compare the alternative sites the 100"
percentile was shown in the results.

Fifty per cent of the time sedimentation rates did not exceed 24 mg/cm?/d for all
three sites. Based on the 95" percentile analysis, the elevated rates of
sedimentation of 100 mg/cm?d or more were confined to the material placement
sites.



The results indicated very small increases in mean thicknesses across the material
placement sites by day 45 (between 1.7 mm to 2.1 mm). All three sites were
predicted to be similarly dispersive.

Modelling results at the end of the 12 months indicated that higher total
sedimentation levels (> 100 mg/cm?, equivalent to = 0.97 mm) were confined within
the material placement sites.

Port of Cairns

Predicted TSS plumes migrated to the north-west for all of the model case sites.
There were no concentrations greater than 9 mg/L predicted for Model Cases 1
and 2, in the 95" percentile analysis. Results for the current material placement
site revealed that the 10-24 mg/L contour extended approximately 2 km north-west
of the material placement site.

For Model Cases 1 and 2, the 95" percentile analysis showed elevated rates of
sedimentation (100 mg/cm?/d or more) in the immediate vicinity of the material
placement site, along the Penguin Channel at Cape Kimberley and at Snapper
Island. In comparison, use of the current material placement site was predicted to
result in smaller areas of elevated rates of sedimentation (100 mg/cm?/d or more)
along the Penguin Channel at Cape Kimberley north-west of the placement site.

The results indicated that the mean thickness across the current material
placement site (8 mm) was approximately 2 mm greater than the mean thickness
increases at Model Cases 1 and 2 at day 38. The current site was thus predicted to
be more retentive than the offshore alternate areas.

Modelling results at the end of the 12 months indicated for all three sites the higher
total sedimentation levels (> 100 mg/cm?, equivalent to = 0.97 mm) were confined
to within 2.5 km from the material placement sites.

Finally, a comparison of the results at the completion of the material placement period
and after 12 months from commencement of placement for all model cases showed
that the predicted extent of the total sedimentation areas was significantly reduced, due
to continuing sediment resuspension and sediment transport in a northward direction,
beyond the model extent.



INTRODUCTION
Background

The Australian and Queensland governments have agreed to undertake a
comprehensive strategic assessment to identify, plan for, and manage risks within the
Great Barrier Reef Marine Park (Marine Park), Great Barrier Reef World Heritage Area
(World Heritage Area) and adjacent coastal zone. This assessment is in part a
response to the World Heritage Committee’s request for Australia to undertake a
strategic assessment of future developments that could impact on the Reef’s values,
and to enable long-term planning for sustainable development (World Heritage
Committee June 2011). The comprehensive strategic assessment comprises two
elements. One is the Great Barrier Reef Coastal Zone Strategic Assessment, being
undertaken by the Queensland Government. The other is the Great Barrier Reef
Region Strategic Assessment being led by the Great Barrier Reef Marine Park
Authority (GBRMPA). The comprehensive strategic assessment considers direct,
indirect and cumulative impacts on matters of national environmental significance, as
defined by the Environment Protection and Biodiversity Conservation Act 1999, from
existing, planned and potential future coastal development activities including those
associated with increased shipping and port infrastructure development. The strategic
assessment also considers the effectiveness of existing environmental management
arrangements and the need for improved management strategies.

Queensland’s mining and resource sectors are currently in a phase of significant
planned expansion, with a number of new or expanded export facilities proposed along
the Queensland coast to meet the future needs of the sector. Port expansions have
also been proposed to meet the growing needs of the tourism, naval and other
economic sectors in general. Port expansions involve significant works within and
adjacent to the World Heritage Area and its adjacent coastal zone. Such expansions
often involve significant capital dredging to create new or deeper shipping channels
and/or berth areas. Similarly, the regular maintenance dredging for maintaining safe
access for ships into ports is another consideration in the management of the Region.

The GBRMPA commissioned Sinclair Knight Merz (SKM) and Asia-Pacific Applied
Science Associates (APASA) to complete the ‘Improved Dredge Material Management
for the Great Barrier Reef Region’ project. The research is funded under the Australian
Government’s Sustainable Regional Development program, which aims to secure a
sustainable future for Australia’s high-growth regional areas through regional
sustainability planning and strategic assessments. The study encompasses three key
tasks:

» Task 1. Undertake a literature review and cost-benefit analysis that synthesises the
available literature on the environmental and financial costs associated with land-
based re-use and land-based disposal options for dredge material at six study
locations (Port of Gladstone, Rosslyn Bay State Boat Harbour, the Port of Hay
Point, the Port of Abbot Point, the Port of Townsville, and the Port of Cairns)

= Task 2. Develop a generic water quality monitoring framework that can be applied
to any dredge material disposal site

= Task 3. Model the bed shear stress for 12 Queensland trading ports (map 1) and
identify 13 potential alternative dredge material placement areas within 50 km of
the six locations based on environmental, economic, operational, and social
considerations and hydrodynamic modelling. Model the migration of dredged
sediments over 12 months when placed at existing and alternative material
placement sites and compare the risks to environmental values.



Purpose

The following report is a sub-task of the third task of the project, and included modelling
the placement of dredge material at existing and hypothetical alternative placement
sites under an assumed scenario for each of the six locations. The modelling is based
on the most relevant type of dredging (i.e. capital or maintenance), dredged material
volumes and characteristics, dredging campaign season and duration, and dredging
equipment. The hypothetical scenarios were established in cooperation with the port
operators at the six study locations and do not represent specific, past or proposed,
dredging campaigns.

The purpose of this component was to predict the spatial distribution of total suspended
solids (TSS), sedimentation rate, and total sedimentation and bottom thickness
resulting from placement of dredge material at the existing and alternate placement
sites in the six locations. Model results are presented for the duration of the most
relevant hypothetical scenarios in addition to a 12-month period (inclusive of the
hypothetical scenarios). The 12-month results provide insight into the predicted long-
term sediment migration patterns. The desktop research was based entirely on existing
regional-specific dredging information and data available to SKM and APASA. No field
surveys of the existing environment were undertaken to support the results of this
research. Two of the project’s technical reports titled ‘Modelling of Bed Shear-Stress in
the Vicinity of Queensland Trading Ports in the Great Barrier Reef Region’ and
‘Identification of Alternative Sites for the Placement of Dredge Material at Sea’ (SKM
APASA 2013a; SKM APASA 2013b) have informed this report. The findings of this
research will be used in a subsequent report, “Sensitive Receptor Risk Assessment of
Alternative and Current Dredge Material Placement Sites”, to compare the potential
benefits and risks associated with placement of dredge material at alternative and
current material placement sites.
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Study Locations

The placement of dredge material at each location was modelled for the current
material placement site as well as two hypothetical alternative material placement sites
(designated Model Case 1 and Model Case 2), with the exception of Port of Gladstone,
where three alternative model cases were modelled. This was because the existing
placement site has limited capacity for dredge material beyond that expected to be
generated by already approved projects (SKM APASA 2013Db).

Table 1 provides a summary of the modelled dredge material placement sites. Figure 1

to figure 6 show the locations of the current material placement sites and Model Cases
for the six study locations.
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Table 1. Summary of the six study locations used as part of the modelling assessment.

Study Area Model Cases Description Location
Map
Model Case 1 Model Case 1 is positioned 10 km north-east of the entrance to Gladstone port channel in an approximate
water depth of 23 m
Port of Model Case 2 Model Case 2 is positioned 17 km north-west of the entrance of Gladstone within a water depth of .
. See figure 1
Gladstone approximately 20 m
Model Case 3 Model Case 3 is located 29 km north-west of the Port of Gladstone channel entrance in approximately 23 m
of water
Model Case 1 Model Case 1 lies 4 km east of the Boat Harbour and approximately 750 m east of the current material
placement site, which places it outside, but immediately adjacent to the boundary of the Conservation Park
Rosslyn Bay Zone
State Boat Model Case 2 Model Case 2 is positioned 6 km north-east offshore of the State Boat Harbour and approximately 2 km (in See figure 2
Harbour an easterly direction) to the boundary of the Conservation Park Zone
Current material | The current material placement site is located approximately 750 m west of Model Case 1
placement site
Port of Hay Model Case 1 Model Case 1 is positioned 25 km north-north-east of the Port of Hay Point in an approximate water depth
Point of 20 m
Model Case 2 Model Case 2 is located 20 km north-east of the Port of Hay Point in a water depth of 23 m See figure 3
Current material | The current material placement site is located within an approximate water depth of 12 m
placement site
Port of Model Case 1 Model Case 1 is positioned 15 km north-west of the Port of Abbot Point
Abbot Point Model Case 2 Model Case 2 is positioned 13 km north-east of the Port of Abbot Point See figure 4
Current material | The current material placement site is positioned approximately 10 km south-east and 13 km south-west of
placement site Model Case 1 and 2, respectively
Port of Model Case 1 Model Case 1 is positioned 24 km north-east of the Port of Townsville in an approximate water depth of
Townsville 24 m i
- - - - - — See figure 5
Model Case 2 Model Case 2 lies 24 km north-west of the Port of Townsville (straight-line distance, the navigation route

around Magnetic Island is considerably further) in a water depth of approximately 22 m
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Model Cases

Study Area Description Location
Map
Current material | The current material placement site is located < 10 km from Magnetic Island in a water depth of 11 m
placement site
Port of Model Case 1 Model Case 1 is positioned 20 km north-north-east of the Port of Cairns and is distant from sensitive
Cairns receptors, such as reefs, and has a low probability of having deep water seagrass. The water depth is
approximately 18 m
. — ) . See figure 6
Model Case 2 Model Case 2 is positioned 32 km north-north-east of the port in an approximate water depth of 18 m

Current material
placement site

The current material placement site is located approximately 4 km south of Model Site 1 in a water depth of
11m

12
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Figure 1. Locations of Model Cases 1-3 for the Port of Gladstone study area. Three

hypothetical model case locations were identified as it was recognised that the current
placement site has limited capacity.
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METHODS

As part of this research, the following tasks were performed:

= Identify inter-annual conditions spanning strong El Nifio, La Nifia and neutral years
between 2004 and 2011; and compare the surface current data for each of the
years to verify which was the most energetic

= Combine the effects from tides and local wind driven flows with the influence of
large-scale currents

= Model the wave climate for the same period as the current data

= Establish with the representatives from the six study locations the most appropriate
scenarios (i.e. capital or maintenance dredging operation)

= Simulate placement operations and long-term sediment migration from the
alternate Model Cases and the current material placement sites

= Analyse the period during the dredge material placement period and generate
percentile plots for predicted TSS concentrations and sedimentation rates for each
material placement site and study location

= Generate plots illustrating total sedimentation and equivalent bottom thickness for
each material placement site and study location at the end of the dredge material
placement period

= Analyse the results at the end of the 12 months and generate plots illustrating total
sedimentation and equivalent bottom thickness for each material placement site
and study location.

Modelling of Currents

The Reef is broadly divided into three distinct sedimentary zones that coincide with
water depth (Belperio 1983; Belperio & Searle 1988), namely: 1) an inner shelf zone
from 0-20 m; 2) a middle shelf zone from 20-40 m; and 3) an outer shelf zone from 40-
90 m (see figure 7). It is well-documented that the water circulation and oceanographic
processes on the Reef are influenced by the interaction of 1) tides and local winds, 2)
wind-driven currents (predominant south-east trade winds) and 3) large-scale currents
and inflow of water from the Coral Sea (Wolanski 1994; Lambeck et al. 1998; Brinkman
et al. 2001; Lambrechts et al. 2010). Wolanski (1994) describes the important
processes influencing the oceanography of the Region and details that net current
forcing can be variably influenced by the tides and winds, wind-driven currents, and
oceanic currents, each operating on differing time scales.

Tidal velocities have been shown to range between < 0.35 m/s in open (i.e. un-rimmed)
parts of the Reef shelf to 1.5 m/s within complex reef/island environments (e.g. Torres
Strait and also Capricorn Group; Harris et al. 2000). The tidal signal across the Reef is
both diurnal and semidiurnal with a range of generally ~2 m. In the northern section of
the Reef, the tides are relatively weak and run parallel to the coast inshore. In the
central section of the Reef, tidal currents are strong and flow in a cross-shelf direction
(King & Wolanski 1996). Additionally, in the southern section, the tides are very strong
during spring tides and flow alongshore (Griffin et al. 1987). Localised winds are also
influential in the hydrology of the coastal Reef waters, influencing flow on short-time
high frequency scales (i.e. hourly).

The south-east trade winds push the Reef waters northward which generates along-
shore currents in the inner and middle Reef shelf (Lambeck et al. 1998). They are
generally constant over the entire Reef and dominate inter-reefal circulation between
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May and October. Figure 8 shows modelled mean currents during strong south-east
winter winds and then during calm weather period (Brinkman et al. 2001). The trade
winds counter any south-directed tidal flows and maintain a well-mixed water column
(Pickard et al. 1977; Wolanski 1994; Lambeck & Woolfe 2000; Hemer et al. 2004).
Southward movement of the Intertropical and South Pacific Convergence Zones
between November and April weakens the pervasive effects of the trade winds. During
November and April, north and north-west winds are associated with the monsoon
season and are weaker and more variable (Maxwell & Swinchatt 1970; Pickard et al.
1977; Wolanski 1994). This results in alternating northward and southward current
movement (Wolanski & Thomson 1984).

Seabed Regions

|:| Inner sheif (0-20 m)
- Middle shelf {2040 m)
- Outer shelf (40-90 m)

- Continental Slepe (30-<4000 m)

Frd e
W —

——  Marine Park boundary

TOWHNSVILLE

QUEENSLAND

Figure 7. Map showing the broadly divided zones that coincide with water depth
(Belperio 1983). Subdivision of the inner shelf is from 0-20 m water depth, a
middle shelf, from 20-40 m and outer shelf, from 40-90 m water depth. All blue
areas highlight inter-reefal seabed environments within the Marine Park, and
reefs are shown in black (Source: Mathews et al. 2007).
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Offshore of the Reef are deep-water currents that result from the South Equatorial
Current flowing onto the continental shelf, where it splits into northward and southward
arms as it approaches the north-east Australian shelf. The southern arm is often
trapped against the continental slope, to form the East Australian Current (EAC). The
northern arm flows along the shelf edge offshore of the northern Reef to form a semi-
closed cyclonic eddy in the Coral Sea, centred in the Gulf of Papua (Wolanski 1994).

While the EAC influences the net drifts along the Reef shelf, its influence near the
coast is weaker and non-existent in the enclosed bays and estuaries along the coast
(King & Wolanski 1992). More importantly, the prevailing south-east trade winds (which
can be moderate to strong during the months of May to October) often halt the deep
water drift currents on the shelf and particularly in shallow waters for even weak south-
east winds. Due to the persistence of these south-east trade winds, a strong northward
drift within the near coastal waters develops and can be seen in the littoral sediment
profiling of inshore waters (inferred from longshore variation of sediment composition
along the 10 m isobath; Lambeck & Woolfe 2000). Indeed, during the passing of
Tropical Cyclone Hamish in 2009, the currents inshore in Cleveland Bay off Townsville

were measured to flow alongshore northward at a velocity peaking at 0.7 m/s
(Lambrechts et al. 2010).

A summary of the methodology used to account for the influence of tides, local winds
and large-scale current forcing is discussed in the next sections.
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Figure 8. Mean currents modelled for strong south-east winds (left image) and during

calm weather days (right image) from April to August 1981 (Source: Brinkman et
al. 2001).
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Representing the Effects of Tides and Local Winds

The effect of tides and local winds were replicated using a three-dimensional barotropic
model (HYDROMAP). This hydrodynamic model, as described by Isaji & Spaulding
(1984), is a three-dimensional model that uses continuous profiles to represent the
velocity, temperature, and salinity in the vertical structure. The basis of the model is
formed by the three-dimensional conservation equations in spherical coordinates for
water mass, density, and momentum with Boussinesq and hydrostatic assumptions.
HYDROMAP has been widely applied to studies of hydrodynamic circulation and the
fate of hydrocarbon spills and discharges on the Australian Northwest Shelf and over
the Timor Sea for several years. Satisfactory validation of the model algorithms have
been demonstrated in multiple comparisons against current measurements and drogue
tracks at many sites. The model is the hydrodynamic engine used by the Australian
Maritime Safety Authority Search and Rescue, Maritime New Zealand, Australian
Federal and State Water Police Units and the Solomon Islands Rescue Coordination
Centre.

The search and rescue (SAR) and police agencies test the datasets and the success
rates have been described by AMSA as 19 out of 20. In blind SAR trials performed for
Queensland Police the model predicted 10 out of 10 trajectories accurately.
Furthermore, the hydrodynamic model has been used during the Montara oil spill in
Timor Sea, in addition to the Shen Neng oil spill and the Pacific Adventurer oil spill,
which occurred in Queensland waters.

Dr Eric Wolanski, an independent reviewer of the modelling consulted by the
GBRMPA, is considered an expert in the field of oceanographic and sediment
dynamics, and he has assessed HYDROMAP as “3D, robust and proven”.

The effects of tides and local winds were replicated using a nested grid. The nested
gridding approach was used to allow for the currents within 50 km of each location to
be represented at a much higher solution (700 m). This was essential to resolve nearby
reefs, complex passages through the islands and coastal flows. Beyond the 50 km
extent, the grid spacing grew larger and on the outer shelf and Coral Sea the resolution
was increased to ~11 km (see figure 9).

The 700 m resolution is similar to or better than other peer-reviewed models of the
Region. For example, modelling by Andutta et al. (2011) had variable resolution from
300 m to several kilometres. Luick et al. (2007) and King & Wolanski (1992, 1996)
demonstrated that grid dimensions of 2 km or less were sufficient to resolve shelf-scale
features within the Central Section of the Reef. Due to the vast extent of the study
region (approximately 1,500 km north to south), the authors acknowledge that the
datasets created would not be to the standard of a detailed Environmental Impact
Assessment.

Three overlapping grids were generated for the southern, central and northern parts of
the Region (see figure 9). The extent of each grid was carefully chosen to
accommodate for: a) dramatic changes in depth; and b) effects from the nhumerous
reefs and continental islands. The intent of overlapping the grids was to ensure that the
boundaries were set far enough away to minimise numerical artefacts to the ports of
interest.

The depths in the model were based on a compilation of the latest hydrographic charts
and digital elevation data sourced from Geoscience Australia.
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Figure 9. Extent of the southern, central and northern Reef model grids used to
replicate the effects from tides and local wind driven flows.

Performance of Tidal Current and Local Wind Model

Data from satellite measurements (Topex/Poseidon global tidal database TPX07.1)
were used to duplicate the tides along the southern, eastern and northern ocean
boundaries of the HYDROMAP modelling grids. The data is from long-term
measurements collected by the Topex/Poseidon satellites over a 13-year period (1992-
2005), during which time the satellites orbited the planet approximately 62,000 times.
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The dataset has a resolution of 0.25 degrees (465 m) globally, and is produced and
quality controlled by the United States National Aeronautics and Space Administration
(NASA; Fu et al. 1994). The satellites were equipped with two highly accurate
altimeters, capable of taking sea level measurements at an accuracy of less than 5 cm
(Fu et al. 1994; NASA/Jet Propulsion Laboratory 2013a; 2013b). The Topex/Poseidon
tidal data has been widely used by the scientific community, being the subject of more
than 2,100 research publications (e.g. Andersen 1995; Ludicone et al. 1998;
Matsumoto et al. 2000; Kostianoy et al. 2003; Yaremchuk & Tangdong 2004; Qiu &
Chen 2010). The Topex/Poseidon tidal data are considered suitably accurate for this
assessment.

Each open boundary grid was assigned phase and amplitude data for the eight largest
and most significant tidal constituents for the area (M,, S,, Ky, O1, Ny, P, K5, and Q,)
and spatially interpolated across the cells. The HYDROMAP model used this data to
calculate the relative elevation of the ocean along the boundaries and hence
propagation of the tide into the domains. The vertical viscosity and bottom friction
values selected were based on a previous study for the Gladstone region (APASA
2012).

To ensure HYDROMAP was accurately predicting tides as they propagate past the
numerous reefs and continental islands, the predicted water elevations were compared
to observed data by the National Tidal Facility (NTF) at nine tide stations (see figure
10) along the Queensland coastline over a randomly selected month within 2011 (1 to
30 November 2011, see figure 11 to figure 13). The comparisons show that
HYDROMAP accurately reproduced the phase and amplitudes throughout the spring
and neap tidal cycles at all nine tide stations, across the model domains, including the
inequalities in the semidiurnal and mixed phase tidal patterns.

Table 2 to table 4 provide summaries of the comparisons between the NTF observed
and HYDROMAP predicted water elevations between 1-30 November 2011 at the nine
NTF stations (Gladstone, Rosslyn Bay, Hay Point, Abbot Point, Townsville, Cairns,
Cooktown, Pipon Island and Night Island; see figure 10).

The tables show the maximum, average and minimum predicted water elevations are
comparable to the measured water elevations at all nine stations.

The mean absolute error (MAE) was used as a metric to compare the average error (or

difference) between the observed and HYDROMAP predicted water elevations at each
of the nine tide stations shown in figure 10.

The MAE was determined as: MAE = % ™ . |[HYDROMAP Predicted; — observed;|

The mean absolute error (MAE) values are presented in table 2 to table 4 and ranged
from 0.07 m (Cairns) to 0.49 m (Hay Point).
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Figure 10. Locations of the nine tide stations from which observed data were used to
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Table 2. Comparison between the NTF observed and HYDROMAP predicted water
elevations at Gladstone, Rosslyn Bay and Hay Point from 1-30 November 2011.

Water Gladstone Rosslyn Bay Hay Point
elevation(m

LAT) Observed | Predicted | Observed | Predicted | Observed | Predicted
Maximum 4.65 4.37 4.78 4.89 6.68 6.06
Mean 2.34 2.38 2.42 2.46 3.37 3.43
Minimum 0.37 0.61 0.43 0.19 0.45 0.90
Mean absolute 0.12 0.28 0.49
error (m)

* owest astronomical tide

Table 3. Comparison between the NTF observed and HYDROMAP predicted water
elevations at Abbot Point, Townsville and Cairns from 1-30 November 2011.

Water Abbot Point Townsville Cairns
elevation(m

LAT*) Observed | Predicted | Observed | Predicted | Observed | Predicted
Maximum 3.27 3.18 3.72 3.73 3.05 3.00
Mean 1.69 1.73 1.94 2.00 1.70 1.72
Minimum 0.22 0.29 0.27 0.23 0.26 0.39
Mean absolute 0.22 011 0.07
error (m)
* Lowest astronomical tide
Table 4. Comparison between the NTF observed and HYDROMAP predicted water

elevations at Cooktown, Pipon Island and Night Island from 1-30 November

2011.

Water Cooktown Pipon Island Night Island

elevation(m

LAT*) Observed | Predicted | Observed | Predicted | Observed | Predicted
Maximum 2.77 2.80 2.71 2.72 2.75 2.69
Mean 1.49 1.55 1.48 1.51 1.50 1.51
Minimum 0.20 0.25 0.53 0.23 0.44 0.27
Mean absolute 0.08 017 0.15
error (m)

* Lowest astronomical tide
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Figure 11. Comparisons between the NTF observed (green line) and HYDROMAP
predicted (blue line) water elevations at Gladstone (upper image), Rosslyn Bay
(middle image) and Hay Point (lower image), 1-30 November 2011.
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Figure 12. Comparisons between the NTF observed (green line) and HYDROMAP
predicted (blue line) water elevations at Abbot Point (upper image), Townsville
(middle image) and Cairns (lower image), 1-30 November 2011.
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(middle image) and Night Island (lower image), 1-30 November 2011.

To account for the effects of local winds, measurements at stations along the coastline
by the Bureau of Meteorology (BOM) were combined with offshore data sourced from
the atmospheric model, Global Forecast System (GFS). GFS is a global numerical
atmospheric model operated by the National Oceanographic and Atmospheric
Association (NOAA), which uses near-real time observations to self-correct the
predictions. The data is available at three hourly time steps for stations spaced ~55 km
apart. Data from 2011 were extracted for the same extent as grids used to replicate the
effects from tides and local wind driven flows. The vertical viscosity and bottom friction
values selected were based on a previous study for the Port of Gladstone region
(APASA 2012).

Representing the Influence of the Large-Scale Currents

The large-scale currents were represented by the output from a third-party three-
dimensional ocean model HYCOM (HYbrid Coordinate Ocean Model; Wallcraft et al.
2003; Chassignet et al. 2009) over the extents of the southern, central and northern
Reef model grids (see figure 9). HYCOM is operated by the HYCOM Consortium, and
sponsored by the Global Ocean Data Assimilation Experiment (GODAE). It uses an
array of measured data as input to understand what the current state of the water body
is, including time-varying observations of sea-surface height, sea-surface temperature
and in situ temperature and salinity measurements (Chassignet et al. 2009), and then
uses numerical modelling to understand how the sea-state evolves between the
measurement points. The model is three-dimensional and has a resolution of
approximately 8.25 km horizontally over the region. Hence, the data provides estimates
of meso-scale circulation, with horizontal resolution suitable to resolve eddies of
approximately 20 km in diameter, as well as connecting stream currents of similar
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spatial scale. HYCOM provides a comprehensive dataset spanning decades, with
increasing data quality over more recent years through the increased availability of
ocean observations from satellite and sensor data. Data between 2004 and 2011
(inclusive) were targeted for this research.

The HYCOM model data was selected for this research because it has been found to
better reproduce flows adjacent to the Queensland ports when compared with the
Commonwealth Scientific and Industrial Research Organisation (CSIRO) BRAN 2.1
ocean model based on dataset comparisons undertaken by APASA.

It is well known that oceanographic conditions fluctuate from one year to the next.
Therefore, to assist in selecting a representative year between 2004 and 2011 for the
research, the Southern Oscillation Index (SOI) was used to identify inter-annual trends
(Australian Bureau of Meteorology 2012). The SOI broadly defines neutral, El Nifio
(strongly negative SOI) and La Nifia (strongly positive SOI) conditions based on
differences in the surface air-pressure between Tabhiti on the eastern side of the Pacific
Ocean and Darwin (Australia), on the western side (Rasmusson & Wallace 1983;
Philander 1990). El Nifio episodes are usually accompanied by sustained warming of
the central and eastern tropical Pacific Ocean and a decrease in the strength of the
Pacific trade winds. La Nifia episodes are usually associated with converse trends (i.e.
increase in strength of the Pacific trade winds).

Figure 14 shows the SOI monthly values from 2004 to 2011 (corresponding to the
HYCOM dataset targeted for assessment). Based on the SOI, 2011 is considered a
strong La Nifia year, 2004 a moderate El Nifio year and 2007 a mixed (neutral) year.

To compare the variability in surface current speeds and directions between the years
(i.e. 2004, 2007 and 2011), current rose diagrams were generated using data offshore
from the current material placement sites for the five ports (see figure 15).

Each diagram provides an understanding of the speed, frequency and direction of
currents, over each year:

Current speed — speed is divided into segments of different colour, ranging from 0 to
greater than 1 m/s. Speed intervals of 0.2 m/s are used. The length of each coloured
segment is relative to the proportion of currents flowing within the corresponding speed
and direction

Frequency — each of the rings on the diagram corresponds to a percentage
(proportion) of time that currents were flowing in a certain direction at a given speed

Direction — each diagram shows currents flowing towards particular directions, with
north at the top of the diagram.
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Figure 14. Monthly values of the Southern Oscillation Index (SOI) 2004-2011.
Sustained positive values indicate La Nifia conditions, while sustained negative
values indicate El Nifio conditions (Source: Australian Bureau of Meteorology
2012).

The current rose diagrams show that for all five ports, the surface currents were flowing
towards the west-north-west for the neutral (2007) and La Nifia (2011) years. The
weakest and most variable currents were during the El Nifio conditions of 2004. The
strongest currents occurred during 2011, coinciding with strong wind events. Therefore,
2011 was selected to be the representative year on the basis that it was the most
energetic and give the upper bound of the likely resuspension and long-range sediment
transport of dredged sediments. In addition, the currents during 2011 were directed
toward a greater number of nearby sensitive receptors.
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Figure 15. Surface large scale current rose diagrams for an EI Nifio (2004), La Nifia
(2011) and neutral (2007) conditions. The diagrams were generated using data
offshore from the current material placement sites at the five ports.

31



Performance of Combined Tide, Local Wind and Large-scale Current Model

This research was the first to incorporate the combined influence of tides, local winds
and large-scale currents in modelling the movement of dredge material over 12 months
at multiple locations within the Region.

Based on findings of Lambeck & Woolfe (2000), who found evidence for pervasive
northward sediment transport along the 10 m depth contour, the HYCOM currents were
combined with the predicted HYDROMAP currents at every grid cell in water depths of
10 m or greater. As such, the HYCOM data was spatially-interpolated onto
HYDROMAP grids (see figure 9), which were of finer resolution (i.e. 700 m) within

50 km from the study areas.

To confirm its suitability, the generated data was compared to measurements at three
locations, Hay Point (November 2011), Townsville (January 2011), and a site ~110 km
north-north-east offshore of Townsville (Palm Passage (February-March 2011)). The
currents were measured using seafloor-mounted Acoustic Doppler Current Profilers
(ADCPs). The locations of the ADCPs are shown in figure 16.

Direct comparisons between the HYCOM + HYDROMAP model-predicted and ADCP
measured currents (speed and direction) were performed for the surface and bottom
water layers. Depths of water at the measurement sites were 11.5 m Lowest
Astronomical Tide (LAT) and 14.5 m LAT at Hay Point and Townsuville, respectively.

Figure 17 to figure 20 show the ADCP measured and HYCOM + HYDROMAP (model)
predicted current speeds and U (east-west) and V (north-south) current components for
the surface and bottom water layers at Hay Point and Townsville, respectively. Positive
and negative U components represent eastern and western flow, respectively, and
positive and negative V components represent northern and southern flow,
respectively. Directionality relates to the direction the currents flow toward.

In general, the plots show there is a good agreement between the model-predicted and
measured surface and bottom current speeds. Though, at times there is a tendency for
the model to predict stronger currents in a north-westerly direction for longer durations
than the measured data.

The Townsville data indicated persistently strong surface currents between 9-16 and
21-24 January 2011. This would be attributable to sustained south-easterly trade winds
and the tidal variations being less significant. Of greater importance for the research is
the close comparison between the measured and predicted U and V current
component for the bottom layer at both sites, as these would have a larger influence on
the transportation of sediments that are mobilized from the seabed.

The agreement between the measured and model predicted surface and bottom
currents at the Port of Hay Point and the Port of Townsuville are provided in tabulated
form (table 5 and table 6 respectively). Both tables illustrate that the maximum,
average and minimum predicted current speeds are comparable to the measured
currents at the two locations. Measured surface current speeds at Hay Point reached a
maximum of 0.59 m/s compared with 0.53 m/s for the predicted current speed (table 5).
The bottom maximum measured and predicted currents were 0.31 m/s and 0.26 m/s,
respectively. At Townsville, the measured surface currents peaked at 0.99 m/s with the
model results indicating a maximum speed of 1.12 m/s. The average measured and
predicted bottom currents speeds were near identical (0.10 m/s and 0.11 m/s,
respectively). Additionally, table 7 shows a comparison between the measured and
HYCOM + HYDROMAP model-predicted currents, 58 m and 44 m above the seafloor,
at Palm Passage from 10 February-17 March 2011.
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Figure 21 and figure 22 show the comparisons between the ADCP measured and
HYCOM + HYDROMAP model-predicted current speeds and U (east-west) and V
(north-south) current components at 58 m above the seafloor and 44 m above the
seafloor, respectively, at Palm Passage (see figure 16). Comparisons show a good
agreement between the measured and model predicted current speeds and current
components for both layers. The good agreement indicates that the combined dataset
is appropriately representing the water circulation in deeper waters.
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Figure 16. Locations of the instruments used to measure currents throughout the water
column adjacent to the Townsville and Hay Point current material placement sites
during January and November 2011, respectively, and Palm Passage during
February-March 2011.
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Table 5. Comparison between the measured and HYCOM + HYDROMAP predicted
surface and bottom current speeds adjacent to the Port of Hay Point material

placement site from 1-30 November 2011.

Surface current speed (m/s)

Bottom current speed (m/s)

Measured Predicted Measured Predicted
Maximum 0.59 0.53 0.31 0.26
Mean 0.30 0.30 0.15 0.17
Minimum 0.10 0.08 0.05 0.06

Mean absolute error
(MAE)

0.07

0.04

* owest astronomical tide

Table 6. Comparison between the measured and HYCOM + HYDROMAP predicted
surface and bottom current speeds adjacent to the Port of Townsville material

placement site from 1-29 January 2011.

Surface current speed (m/s)

Bottom current speed (m/s)

Measured Predicted Measured Predicted
Maximum 0.99 1.12 0.43 0.27
Mean 0.25 0.35 0.10 0.11
Minimum 0.00 0.01 0.01 0.00

Mean absolute error
(MAE)

0.16

0.04

* Lowest astronomical tide

Table 7. Comparison between the measured and HYCOM + HYDROMAP predicted
current speeds, 58 m and 44 m above the seafloor, at Palm Passage from 10
February-17 March 2011.

58 m above seafloor current speed | 44 m above seafloor current speed
(m/s) (m/s)
Measured Predicted Measured Predicted

Maximum 1.32 0.94 0.65 0.46
Mean 0.23 0.33 0.21 0.21
Minimum 0.00 0.01 0.00 0.01
Mean absolute error
(MAE) 0.15 0.11

* Lowest astronomical tide
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Modelling of Wave Conditions

The wave climate was reproduced using a spectral phase-averaging wave model,
SWAN, developed by the Delft University of Technology (Booij et al. 1996, 1999;
Holthuijsen et al. 1997). The model is a third-generation model based on the energy
balance equation (Holthuijsen et al. 1997; Booij et al. 1999; Young 1999).

The SWAN model includes algorithms for the following wave propagation processes:
propagation through geographic space, refraction due to bottom and current variations,
shoaling due to bottom and current variations, blocking and reflections by opposing
currents, and transmission through or blockage by obstacles. The model also accounts
for the dissipation effects due to white-capping, bottom friction and wave breaking as
well as non-linear wave-wave interactions. The model is fully spectral (in all directions
and frequencies) and computes the evolution of wind waves in coastal regions with
shallow water depths and ambient currents.

Four overlapping model grids were generated encompassing the southern, south-
central, north-central, and northern parts of the Region. The extents and water depth
within each of the model grids are shown in figure 23 to figure 26. In order to meet the
project brief, which included coverage of a 50 km radius surrounding the 12
Queensland trading ports, it was necessary to set the boundaries of the southern Reef
and southern central Reef model domains up to 600 km east of the mainland, which is
well beyond the shelf break and into the Coral Sea. Higher spatial resolution (~700 m)
was defined within 50 km of the ports to better represent local variations.

Active offshore boundary conditions were assigned to the southern, eastern and
northern boundaries of each model domain. Parametric spectral inputs (offshore
boundary condition) were generated using a standard JONSWAP spectrum
(Hasselmann et al. 1973). The wave parameters that govern the spectral shape of the
JONSWAP spectrum applied at the open boundary are significant wave height (Hs),
peak wave period (T,), peak wave direction (Dir) and the directional spreading of
waves (i.e. how ‘focussed’ the swell conditions are).

Regionally-specific boundary conditions were defined using deep-water wave
parameters obtained from the National Centre for Environmental Prediction
(NCEP/NOAA) WAVEWATCH Il (WW3) global wave model (Chu et al. 2004; Tolman
2009). Hind-cast wave data is available on a 3-hour time step over a global ocean grid;
77°S to 77°N with a longitude x latitude resolution of 1.25 x 1°. Care was taken to test
the boundaries to avoid the propagation of any errors into the area of interest.

To account for the wind effects, hourly measured winds by BOM at stations along the
mainland coastline were combined with reanalysed data sourced from the GFS model
for stations spaced 125 km apart. For each grid, up to 20 wind stations were used to
represent the regional wind patterns, and thus influences on the wave climate. The
depths in the model were based on a compilation of the latest hydrographic charts and
digital elevation data sourced from Geoscience Australia.
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Performance of the Wave Model

A series of simulations were run during the calibration phase to determine which of the
physical parameters and formulations (e.g. bottom friction, white-capping coefficients,
etc.) best represented the regional wave climate. The calibrated results was compared
against measured data collected at five Waverider buoy locations (Gladstone, Emu
Park, Mackay, Townsville and Cairns; see figure 27) maintained by the Department of
Environment and Heritage Protection (as part of the Waverider system) between
January and March 2011. Note that the Waverider buoy at Cairns is non-directional
(i.e. does not record wave direction) and therefore only significant wave heights and
peak wave period are shown.

Figure 28 to figure 32 show comparisons between the measured and predicted wave
height, period and direction as both (i) time series plots and (ii) histograms for the five
locations.

The comparisons show that the model was capable of reproducing the wave period
and direction at all five locations and the change in wave heights at Gladstone and
Cairns. However, the change in wave heights for the other three Waverider buoy
locations (Emu Park, Mackay and Townsville) were less accurate.

As the domains were set beyond the shelf break to meet the study objective (50 km
radius from each site), the wave energy in the model was reduced at certain sites due
to shallow-water processes (e.g. surge from shoaling waves, surf). Usually, for project-
based EIAs and research studies domains are set inside of the reef (10-30 km from the
coastline), at a finer scale to account for the local shallow water processes.

44



oty ’
Cairns Wave Rider Buoy
v 3

. I
o %;,

Ry

Py
R Tt

S5 @ Townsville Wave Rider Buoy -
b : o e, X

¢
=

SEER L gigite ?
D P B R Wr o3
NG ,,:f’o_f-,!" ﬁ;sﬂ;ﬁ;gy

- Mapped

Area ,¥t .
alp A
N

‘ 0 100
(]
Kilometres

LEGEND

Poit Asia-Pacific Applied Science Associates does
© Po not warrant that this document is definitve nor
e free of error and does not accept liability for an
! Indicative Reef pATALINY for any.

loss caused or arising from reliance upon
@ QLD Wave Rider Buoys information provided herein

© Commonwealth of Australia

(Great Barrier Reef Marine Park Authority) 2003-2012.
Neither the Commonwealth nor the GBRMPA gives
any warranty regarding the Data's accuracy. currency,
completeness or suitability for any particular purpose.

Figure 27. Locations of the five Waverider buoys used to measure wave climate by the
Department of Environment and Heritage Protection and used to compare to the
predicted wave height, period and directional datasets.

45



w

ignificant Wave Height (m)

S

T
*  Measured
= Predicted

01Jan 10Jan 19Jan 28-Jan 06-Feb 15-Feb

24-Feb 05-Mar 14-Mar 23-Mar

w
S

~N
o
T

Measured

Cumulative Percentage (%)

Measured Wave Height (%)

Model Wave Height (%)

Cumulative Percentage (%)

02040608 1 12141618
Significant Wave Height (m)

Measured Wave Period (%)

02040808 1 12141618
significant Wave Height (m)

Model Wave Period (%)

Predicted

~
S
T
i
Percentage (%)
Percentage (%)

Peak Wave Period (s)

o o

10Jan 19Jan 28-Jan 06-Feb 15-Feb 24-Feb 05-Mar 14-Mar 23-Mar

25 5 75 10 125 15 175 25 5
Peak Wave Period (sec)

75 10 125 15 175
Peak Wave Period (sec)

g’) T T T e North
2 Measured Measured Wave Direction (%) Model Wave Direction (%)
> + Predicted
=2 ; West
g : o0 o
o
g E 80 ;53’ ®
o South 5 t
v i i
g East E " E o
= ] :
S0 i 4 i L L L i ! North x »
a0iJan 10Jan 19-Jan 28-Jan O06-Feb 15-Feb 24-Feb 05-Mar 14-Mar 23-Mar

B0 120 180 240 300

o 30 360
Peak Wave Direction (degree) Peak Wave Direction (degree)

Figure 28. Comparison of measured (green) and predicted (blue) of significant wave
heights (top image), peak wave periods (middle image) and peak wave directions

(bottom image) at Gladstone during January-March 2011. The histograms
provide an inter-comparison of the frequency distributions.

46



Measured Wave Height (%) Model Wave Height (%)

.E 3 i o o
E : E E
= H ’ ® @
£ Predicted = 2
o ! : - -
- . . I g g
T2 i L T - £ 8
o rad ¥ . ¥ g
> 2 g g
5 5
S § £
o o
E 1 20| 20|
o
[3]
=
c
2 ; Significant Wave Helght (m) signicant Wave Heigh ()
T R L T L S T T S S
01Jan 10-Jan 19-Jan 28-Jan 06-Feb 15-Feb 24-Feb O05-Mar 14-Mar 23-Mar
30 Measured Wave Period (%) Model Wave Period (%)
Measured '
nas Predicted
'8 80 80
= 20
o
o 15 ;, 60, ;;:_ &)
> =3 -3
] g 2
=2 10
fg 5o 3
o S5F
o
0 i I i i I I i i * *
01Jan 10-Jan 19-Jan 28-Jan 06-Feb 15-Feb 24-Feb O05-Mar 14-Mar 23-Mar
25 5 15 10 126 5 475 2 25 5 75 10 125 15 175 2
Peak Wave Period (sec) Peak Wave Period (sec)
W
1 I North
e - Measured
8’ * Predicted Measured Wave Direction (%) Model Wave Direction (%)
) ) i West
c ' H
(=] 1
'E : 80 0
£ .
a H South - .
v £ w0 = w0
> " East -3 &
x £ i
S i i \ ‘ i | L e North
oo0iJan 10Jan 19Jan 28-Jan 06-Feb 15-Feb 24-Feb O05-Mar 14-Mar 23-Mar
20| 20|
0 0
5 60 120 180 240 300 & 120 T
Peak Wave Direction (degree) Peak Wave Direction {degree)
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Figure 30. Comparison of measured (green) and predicted (blue) of significant wave
heights (top image), peak wave periods (middle image) and peak wave directions
(bottom image) at Mackay during January-March 2011. The histograms provide
an inter-comparison of the frequency distributions.
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Figure 31. Comparison of measured (green) and predicted (blue) of significant wave
heights (top image), peak wave periods (middle image) and peak wave directions
(bottom image) at Townsville during January-February 2011.The histograms
provide an inter-comparison of the frequency distributions.
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comparison of the frequency distributions. Note that the Waverider buoy at Cairns
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Material Placement Scenarios

SKM and APASA conducted a series of workshops between 9-16 October 2012 with
representatives from each of the six study locations to establish the most relevant
scenarios to be modelled and included in this assessment (e.g. whether the material
was generated by capital or maintenance dredging, anticipated volumes, etc. from a
long-term (25-year) perspective. It must be emphasised that chosen modelled
scenarios used during this assessment, do not represent specific projects, actual or
proposed.

The below text provides background information and a brief summary.

Port of Gladstone

Future proposals at the Port of Gladstone include significant capital expansion and as
such it was concluded that a major capital dredging campaign is the most relevant
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scenario. The modelling scenario adopted for Gladstone was 6,000,000 m*® of dredged
material relocated over a continuous 19 week period.

Rosslyn Bay State Boat Harbour

There are no current plans for capital expansion of Rosslyn Bay State Boat Harbour.
Maintenance dredging is typically conducted every three to four years, with the volume
of dredged material averaging 30,000 m®. Although considerably larger volumes may
need to be dredged following major events such as floods and cyclones. The chosen
scenario modelled included 40,000 m® of material being relocated continuously over a
13 week period.

Port of Hay Point

Current planning for the Port of Hay Point indicates expected requirements of
approximately 20,000,000 m® of capital dredging, with approximately 1,000,000 m? of
maintenance dredging every three years. North Queensland Bulk Ports Corporation,
the port operator, informed SKM APASA that a campaign would likely involve some
13,000,000 m* of dredged material over 46 weeks of dredging spread across two
dredging seasons. The dredging season at Hay Point is typically constrained to the
months of April to September to avoid the turtle nesting and hatching seasons. The
model scenario adopted for this assessment assumed 8,500,000 m?® of material to be
relocated over a continuous 22 week period.

Port of Abbot Point

The scenario modelled during this assessment represents a capital dredging operation
of 3,500,000 m® of material over a continuous 8 week period, based on current plans
for expansion.

Port of Townsville

Several expansion projects at the Port of Townsville are in various stages of the
development and approvals process, however long-term opportunities for further
expansion are limited. Therefore, from a strategic perspective, modelling of
maintenance dredging is most relevant. The scenario modelled as part of this
assessment included 400,000 m® of material relocated over a continuous 6 week
maintenance dredging campaign.

Port of Cairns

The Port of Cairns is in the advanced stages of planning for capital expansion to
accommaodate larger cruise ships. Further capital expansion at the Port of Cairns is
constrained by the available port land, so from a long-term strategic perspective the
most relevant modelling scenario is for maintenance dredging, taking into account
potential increases in maintenance dredging requirements that may result from the
development of a cruise ship terminal. The scenario modelled during this assessment
included a maintenance dredging campaign of 580,000 m® over a continuous 5 week
period.

Description of the Sediment Plume Model

The research used a three-dimensional suspended sediment plume model,
DREDGEMAP. This model is an enhancement of the SSFATE model developed by
Applied Science Associates (ASA) in collaboration with the United States Army Corps
of Engineers (Johnson & Pachure 1999; Howlett et al. 2000; Johnson et al. 2000; ASA
2004; Swanson et al. 2004).
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APASA has used the model for multiple dredging investigations over the past decade,
ranging from maintenance operations (e.g. Nelson Harbour in New Zealand and
Cockburn Sound in Western Australia) to very large capital development projects
involving millions of tonnes of sediment spanning up to six years (e.g. the Pluto
shipping channel and berth, Mermaid Sound in Western Australia; Port Hedland Outer
Harbour in Western Australia; and the Icthys shipping channel and berth at Darwin
Harbour in the Northern Territory). The DREDGEMAP model has also recently been
used for dredging and offshore placement campaigns for Queensland Gas Company’s
operations in Port Curtis, Gladstone and within the Fitzroy River delta and Keppel Bay
(Port Alma, Queensland) for Xstrata Coal Queensland.

DREDGEMAP has been validated in Australia and Queensland including:

= Freemantle Port Outer Harbour Study dredging and placement operations where it
was validated against measurements for a large cutter suction dredging operation
involving dredging and discharge from onshore reclamation area. Calibration and
validation against cutter head and tailwater generated turbidity.

= Woodside Pluto Dampier dredge operations where the model was calibrated and
validated to large and medium scale TSHD operations over broad spatial scales.
They used boat based, fixed and satellite based TSS measurements in the
validation.

= Queensland Gas Company Narrows dredging operation in Port Curtis Gladstone.

= The model was used to hindcast the ambient suspended sediment concentrations
within Port Curtis over six months and compared well with actual surface
measurements from permanent water quality monitoring sites.

Table 8 summarises the size ranges and minimum sinking rates for each of the particle
classes employed in DREDGEMAP. The model represents the sediment sizes and
mass using Lagrangian particles. Each particle is allocated an equal proportion of the
mass (e.g. 1/1000™ of the total release if 1000 particles are used) and are released
during placement of dredge material at every computational time-step. Each “packet”
consists of 25 particles that represent the 5 sediment classes, (clay, fine silt, coarse
silt, fine sand, and coarse sand) and vertical distributions. The model then predicts the
transport, dispersion and settling using a random-walk procedure. The focus of the
model is on the far-field (i.e. immediately beyond the initial release jet) processes
affecting the fate of suspended sediment.

Settling of mixtures of particles is a complex process due to interaction of the different
size classes, some of which tend to be cohesive and thus clump together to form larger
particles that have different settling velocities than would be expected from their
individual sizes. Enhanced settlement velocities due to flocculation and scavenging are
particularly important for clay and fine-silt sized particles (Teeter 1998, Swanson et al.
2004) and these processes are implemented in DREDGEMAP, and thus have been
incorporated into the current research project. The model employs five material classes
based on sediment particle sizes. The classes are biased towards the finer materials,
as these are typically the most dispersive and are responsible for the greatest turbidity
increases in the water column.

Horizontal transport, sinking and turbulence-induced rise of each particle is modelled
independently at each time step. Minimum settling velocities are calculated using
Stokes equations, based on the size and density of the particle. However, settling
velocities of finer classes (representing clay and silt-sized particles) are increased
based on the local concentration of the same and larger particles, to account for
clumping and entrainment. Deposition (i.e. the process whereby particles move from
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being in suspension to being settled on the seabed) is calculated as a probability
function of the prevailing bottom stress, local sediment concentration and size class.
Sediment that is deposited may subsequently be resuspended into the lower water
column if critical levels of bottom stress are exceeded. Mixing of re-suspended
sediment into higher levels of the water column will be a dynamic balance between
estimates of the settling velocity and vertical mixing induced by turbulence (as specified
by vertical mixing coefficients).

The model employs the van Rijn resuspension method (van Rijn 1989). This method
calculates a constantly varying critical threshold for resuspension, based on the median
of the local particle-size distribution for settled material. In this way, the model accounts
for interactions between different particle sizes. For example, finer sediments will tend
to be armoured from resuspension in the presence of coarser material. Swanson et al.
(2007) has previously summarised the justification and use for this approach.

Table 8. Particle sediment particle size classes and minimum settling velocities*
applied by DREDGEMAP.

Sediment particle size class Size range (um) Minimum s(ﬁﬁ't;!)ng velocity
Clay 0-7 0.0008

Fine Silt 8-35 0.0023

Coarse Silt 36-74 0.0038

Fine Sand 75-130 0.0106

Coarse Sand > 130 0.10

* Note: minimum settling velocities are varied from these minima, based on local
concentrations of sediment particles.

The DREDGEMAP model inputs each of the six study locations included:

» Yearlong currents and waves

= Mass of dry solids

= Density of dry solids

= Sediment size distributions for the five size classes

= Placement methodology including the number of releases per day, duration of each
release and the depth of release

= Commencement month and duration of placement campaign.

To directly compare the results between the three material placement sites at each
study area, the model inputs (excluding geographical location) remained constant
according to the established material placement scenarios. It is acknowledged that in
reality the material placement frequency would differ due to varying distances from the
dredge area to the material placement sites associated with each of the study sites,
thus potentially influencing the predicted model results.

A summary of the input data for each of the six study locations is shown in table 9.
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For all of the six locations a trailer suction hopper dredge (TSHD) was assumed to be
the dredging equipment used for both dredging and placement of sediments. At the
completion of the dredging process, the TSHD will sail to the material placement site
and on arrival it will open its bottom doors and discharge the dredged spoil. The TSHD
will either be stationary or sailing slowly during the placement process. For this
assessment it was assumed that the TSHD will continue to sail during the placement
process and randomly dispose the sediment over the material placement sites,
spreading the material over large areas. This is contrast to the placement of material in
a gridded pattern to spread it across the placement site, or concentrated in mounds.
The approximate time needed for placement ranged from two minutes for Rosslyn Bay
State Boat Harbour to 35 minutes for Port of Townsville. Once the placement is
finished, the TSHD will close its doors and sail back to the dredging area. The
modelling included the elapsed time and duration of each release.

Previous observations during dredge material placement from hopper vessels (e.g.
Gordon 1974; Swanson et al. 2004; Wolanski et al. 1992; Dankers 2002) have shown
that there is an initial rapid descent of solids, with the heavier sediments tending to
entrain lighter particles, followed by a billowing of lighter components back into the
water column after contact with the seabed (see figure 33). Generally, a small
proportion (~5-10 per cent) of the lighter sediments will remain suspended. As such, a
high portion (73 per cent during maintenance campaigns and 94 per cent during capital
campaigns) of the sediments was released in the water column three metres above the
seabed as part of the modelling assessment. The remaining percentage of released
material was partitioned through the water column at the release locations, with the
highest release point in the water column dictated by the release depth.

As previously mentioned the model represents the total mass of sediments suspended
using Lagrangian particles. The total number of suspended particles released per
operation varied according to the number of releases and duration of operation (see
table 9) (Gladstone = 997,500 particles; Rosslyn Bay = 112,500 particles; Hay Point =
968,750 particles; Abbot Point = 420,000; Townsville = 900,000 patrticles; Cairns =
522,500 particles).

During the material relocation operations, modelling of the sediment migration was
conducted using a 200 m x 200 m grid. At the completion of the operations, the long-
term sediment migration simulations were "hot-started" (i.e. using starting conditions
from the end of the operational period) and modelled using a grid cell size of 700 m x
700 m. The greater cell size was used to create a larger model domain to
accommaodate the larger distances travelled by migrating resuspended sediments over
the longer model duration.
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Figure 33. Conceptual diagram showing the descent of sediments released from a
hopper barge and then spreading radially outward across the seabed as a dense
plume (Source: ASA 2004).
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Table 9. Summary of the input data used for the material placement scenarios to model.

Port Gladstone Rosslyn Bay Hay Point Abbot Point Townsville Cairns
Dredging campaign Capital Maintenance Capital Capital Maintenance Maintenance
Clays (< 7) 5 37 15 27 60 25
Sediment Fine silts (7-35) 5 13 10 11 26
size (um) and "o oo Silts (35-75) 30 15 10 9 11 38
distribution
(%) Fine sands (75-130) 30 25 10 11 13
Coarse sands (> 130) 30 10 55 50 5 8
. . . 3
Xf's%ﬁ?;s;’f relocated in situ material (m™ | 5 5435 900 40,000 8,500,000 3,500,000 400,000 580,000
Estimated dry solids (tonnes) 4,800,000 28,000 6,800,000 2,800,000 280,000 406,000
Trailer . . . .
Suction Trailer Suction Trailer Suction | Trailer Suction Trailer Suction Trailer Suction
Type of placement vessel H Hopper Hopper
opper Hopper Dredger Hopper Dredger Hopper Dredger
D Dredger Dredger
redger
Depth of release below the water
surface (m) 11 2 10 10 5 5
Hopper load (m3 of solids) 15,000 400 11,000 10,500 2231 1381
T|me required to empty vessel 20 5 13 13 35 8
(minutes)
Number of releases per day 3 1 5 6 4 11
Total number of releases 400 100 773 333 179 420
Tota_l number of dqys (assuming 133 90 155 56 45 38
continuous operations)
Tota_l number of w_eeks (assuming 19 13 22 8 6 5
continuous operations)
Disposal commencement March March April June September August




Presentation of Results

The modelling predicted "above background" TSS, sedimentation rate, and total
sedimentation, meaning that dredge material is considered in isolation from ambient
conditions.

The modelling results are presented as maps showing the frequency of occurrence as
percentiles, of specified levels of TSS and sedimentation rate that occurred during the
dredge material placement period. Percentiles of TSS and sedimentation rate are not
presented for the 12-month period because the model predicted that the lowest values
presented for the dredging period would not occur either 50 per cent or 5 per cent of
the time over the 12 months.

Additionally, total sedimentation and bottom thickness maps are presented for single
points in time, at the end of the specified dredge material placement scenario and at
the end of 12 months after commencement of the modelled placement.

SKM and APASA have found during the course of the study that in some cases the
presentation of results can be difficult to interpret. Perhaps the best analogy for the
presentation of the percentile results is the depth contours on a nautical chart, on which
contours of given depths are drawn around individual depth soundings. In the case of
the model results, the model predicts how frequently, as a percentage of time, a given
condition will occur in each cell of the model grid during the modelling period. Figure 34
presents an imaginary portion of the model grid, zoomed in to a close-up view. The
number in each of the model cells is the per cent of the time during the model run that
the condition being represented - say for example 5 mg/L TSS - occurs. Using these
data, a contour line can be drawn representing the boundary at which 5 mg/L occurred
50 per cent of the time in the model output. Areas on one side of the line, down and to
the right in this imaginary example, experienced 5 mg/L TSS less than 50 per cent of
the time and areas on the other side of the line experienced this condition more than 50
per cent of the time. The blue line is thus the 50" percentile contour for 5 mg/L TSS.
Similarly, 95" percentile contours represent the boundary of areas that experience a
given water quality condition either more or less than 5 per cent of the time, i.e. 95 per
cent of the time TSS or sedimentation is less than the contoured value.

In this report, areas affected by given levels of TSS or sedimentation are presented as
shaded areas. The boundary of each shaded area corresponds to a contour line
produced as described above. Figure 35 shows the imaginary example in figure 34
presented as a shaded area; the contour in figure 34 represents the boundary of the
shaded area.
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604 603 6596 581 572 560 539 516 505 503 500 499

604 601 590 575 561 555 530 512 501 498 496 488

58.9 582 564 541 521 505 504 502 496 493 483 476

56.3 555 543 519 504 502 494 487 479 473 471 434

66,5 53.7 523 50.2 | 50.1 499 491 482 474 461  45.0 425

544 532 515 50.0 498 484 462 445 439 43.0 412 399

533 520 503 407 485 462 448 433 410 394 370 353

522 502 500 499 471 431 419 409 376 362 356 351

50.4 500 498 472 454 403 386 371 345 339 331 334

49.8 49.7 485 463 418 402 381 367 355 345 334 331

Figure 34. Imaginary zoomed-in view of a section of the model grid. The number in
each cell represents the per cent of time during the model run each cell
experiences a TSS concentration of 5 mg/L. The blue line shows the 50"
percentile contour for 5Smg/L TSS.

604 603 596 581 572 656.0 539 516 505 503 500 499

60.4 601 590 575 561 555 530 512 501 498 496 488

58.9 5682 564 541 521 505 504 50.2 496 493 483 476

56.3 555 543 519 504 502 494 487 479 473 471 434

55,5 537 523 50.2 501 499 491 482 474 461 450 425

544 532 515 50.0 498 484 46.2 445 439 430 412 399

533 52.0 50.3 497 485 462 448 433 410 394 370 363

522 502 500 499 471 431 419 409 376 362 356 351

504 50.0 498 472 454 403 386 371 345 339 331 334

49.8 49.7 485 @ 463 418 402 38.1 36.7 355 345 334 331

Figure 35. Presentation of the imaginary results in Figure 34 as a shaded area. Areas
in the darker blue area experience 5 mg/L TSS more than 50 per cent of the time,
those in the light blue area less than 50 per cent of the time.
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RESULTS

Model results are presented below as two sub-sections for each of the six study
locations:

= For the duration of the material placement operations
= At the end of the 12 months.

The following spatial and time-series plots have been produced for the duration of the
material placement operations:

= 50" and 95" percentile TSS concentrations (mg/L). In the event that the TSS
concentrations were below the threshold of 5 mg/L for both 50 per cent and 95 per
cent of the time, the 100" percentile (or maximum) results were reported in order to
provide for comparisons among the alternative placement sites. These contours
provide conservative results.

« The 50" and 95" percentile sedimentation rate (mg/cm?/d). The 50" percentile
plots reveal the regions where reported values are equal to or below the shown
value (i.e. 5 mg/cm?d) 50 per cent of the time, while the 95" percentile plots reveal
the regions where reported values are equal to or below the shown value 95 per
cent of the time.

= Time-series of predicted average bottom thicknesses (mm) across the material
placement sites for the six study locations from the start till the end of the material
placement operations.

= The predicted total sedimentation (mg/cm?) and equivalent bottom thicknesses
(mm) at the completion of the material placement operations period.

As described in 'Presentation of Results', p. 57, the 50" and 95" percentile contours
illustrate areas that experience the value being contoured 50 per cent and 5 per cent of
the time, respectively. The 100™ percentile represents the area over which a given
value occurred during any one-hour step over the entire model run.

Spatial plots of the predicted total sedimentation (mg/cm?) and bottom thickness (mm)
at the end of the modelled placement scenarios and 12-months after the
commencement of material placement (long-term assessment) are also presented in
this report.

Based on the 50™ and 95" percentile analysis, TSS concentrations did not exceed

5 mg/L nor did sedimentation rates exceed 5 mg/cm?/ for 5 per cent of the time, and
thus not 50 per cent of the time, over the 12 months following commencement of
material placement. Therefore, contour maps for TSS and sedimentation rate over the
12-month modelling period are not presented in this report.

In this report sediment bottom thickness is used to describe the thickness of sediment
deposited on the seafloor, including on organisms living there. The predicted bottom
thickness is reported in mm and was derived from the location-specific composition of
the placed material and predicted total sedimentation.

The maps provided in the following sections were produced to enhance understanding

of the sometimes subtle differences between dredge material placement at alternative
sites. This does not necessarily imply that large amounts of sediment will be found at
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these sites, in fact, in some cases the amount of total sedimentaton is so small that it
might not even be possible to measure. This was done purely to tease out a
comparison between sites. The modelling provided in this report, and the associated
maps, are a first step in determining the determining the potential spatial scale of
dredge material migration after placement. The maps show the geographical extent of
where the sediment may migrate to, but do not necessarily imply ecological
significance. This report should be read in conjunction with the ‘Sensitive Receptor
Risk Assessment of Alternate and Current Dredge Material Placement Sites’ which
describes in more detail the ecological relevance of the thresholds that were selected
for the TSS, sedimentation rate and benthic deposition maps. The use of the 100"
percentile TSS value in the case of Rosslyn Bay and Port of Townsville was done
purely to allow for comparisons between the alternate model cases and current site at
these study locations, respectively.

The maps and results of this study should not be taken out of the context of the
objective for which they were produced. They do not replace the need for detailed
EISs, nor can the results be extrapolated to other dredge scenarios, remembering that
what was modelled was specific for each port. This means, for example, that the
modelled scenario for Townsville, which involved the placement of 400,000 m*® of
maintenance material cannot be extrapolated to a 10 million m* capital dredging and
placement campaign. That would require a project-specific EIS and may have
substantially different results to those depicted in this report.
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Port of Gladstone
Results During the Material Placement Operations

For the Port of Gladstone a capital dredging campaign was modelled which consisted
of 6,000,000 m® of dredged material relocated over 19 weeks, commencing in March.
Modelling comprised three releases per day (15,000 m®release), each release lasting
20 minutes. The assumed dredged material consisted of mainly fine and coarse sands
(60 per cent).

Figure 36 to figure 38 show the predicted 95" percentile TSS concentrations during the
material placement operations for Model Cases 1-3. There were no predicted TSS
concentrations above 5 mg/L for 50 per cent of the time for Model Cases 1-3. This is
due to the small number of releases per day (three in total) and the strong currents
transporting the sediment far too rapidly to allow the cells to be triggered above the
minimum reporting threshold concentration (= 5 mg/L).

The modelling showed sediment plumes migrating to the north-west direction for all of
the model case sites and did not exceed 24 mg/L, 95 per cent of the time. For Model
Cases 1 and 2 the 10-24 mg/L contours were predicted to extend up to 3 km and

10 km north-west from the material placement sites (see figure 36 and figure 37). The
Model Case 3 results show two isolated regions with concentrations of 10-24 mg/L;

2 km and 10 km from the north-west corner of the material placement site (see figure
38).

Figure 39 to figure 44 show 50" and 95" percentile sedimentation rate plots, produced
during the material placement operations for Model Cases 1-3, respectively.

For 50 per cent of the time, the results for Model Cases 1 showed the sedimentation
rates were between 5-99 mg/cm?/d and Model Cases 2-3 were between 5-49mg/cm?/d.

The 95" percentile results showed that the sedimentation rate contours were
widespread. The sedimentation rates of 100 mg/cm?/d and greater for Model Cases 1-3
included areas east of Curtis Island, Rundle, Hummocky and Keppel Islands and also
10 km north-west from the material placement sites. The highest sedimentation rate

(= 250 mg/cm?/d) was within the boundary of the material placement sites.

Figure 45 to figure 47 illustrate the predicted total sedimentation and bottom sediment
thickness at the completion of the material placement operations (day 133) for Model
Case 1-3.

Figure 48 compares the mean bottom thickness increase across the three material
placement sites during the 133 day placement campaign. The results indicate Model
Case 3 was marginally more retentive at the end of the 133 day simulation (101 mm)
compared to Model Case 1 and 2 (~96 mm).
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Figure 37. Gladstone: dredging period (133 days) TSS distribution, Model Case 2 -
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Figure 39. Gladstone: dredging period (133 days) sedimentation rate, Model Case 1 -
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Figure 40. Gladstone: dredging period (133 days) sedimentation rate, Model Case 1 -
95" percentile.
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Figure 41. Gladstone: dredging period (133 days) sedimentation rate, Model Case 2 -
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Figure 42. Gladstone: dredging period (133 days) sedimentation rate, Model Case 2 -
95" percentile.

68



veppoon.'
Rosslyn Baye *
N

»

“

&
AN

North Keppel Island
Ay

o2 A
S, &
R~

a

‘Great Keppel Island

( L4

This map is derived from three dimensional
oceanographic and sediment transport models
with limited validation within the Great Barrier
Reef. This map is for comparative purposes
only and does not represent actual volumes - - -

or measured extent of sediment movement or™ - |

necessarily indicate ecological impact.

’

! Indicative Reef

[ Model Cases: Gladstone

[ Current Material Placement Site
—— Model Domain

10-24
25-49
I 50-99

% 100 - 249
. =250

5 >
QLp A NS Q
% G S Gladstone
! ] 10 \\ Current Material
i} \ i
proP o . Placement Site
Kilometres Tannu l\d$\ 2
7 i /
LEGEND
o Port Median Sedimentation (mg/cm’/d) ol ot s ta Goowasat s dafestos o
® Localites 50 free of error and does not accept Rabilty for any

loss caused o ansing ¥om reliance upon
informaton provided herein

© Commonweaith of Australia

(Great Barrier Reef Marine Park Authortty) 2003-2012
Nether the Commonweath nor the GBRMPA gives
any warranty regarcing the Data's accuracy, currency,
completeness o sutabiity for any particular purpose.

Figure 43. Gladstone: dredging period (133 days) sedimentation rate, Model Case 3 -
50™ percentile.
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Figure 44. Gladstone: dredging period (133 days) sedimentation rate, Model Case 3 -
95" percentile.

70



7y
N

O

L

o\
7

Ci

This map is derived from three dimensional
oceanographic and sediment transport models
with limited validation within the Great Barrier
Reef. This map is for comparative purposes
only and does not represent actual volumes - - -
or measured extent of sediment movement or 1~
necessarily indicate ecological impact.

Azt SE e

Feem3 Ty
\\
2By
3
o’
Gladstone
v ?/
TR Current Material
- Placement Site
P
LEGEND
Asia-Pacific Apphed Sci As: tes does
o Port Total (mgicm?’) (mm) Aot wahaat £ Bla Gonareest s cotaibvt nor
® Locaities 5-9 005-009 1o oot o g b e o
7 Indicative Reef B 10-24 N 0.10-023 information provided herein
: 25-49 024-047
[ Model Cases: Gladstone A T e © Commonwestn of Australa
[ Current Material Placement Site 5 i § ﬂ:&ﬁ:&%m’xﬁa‘r&fﬂtﬁ"
i W 100 - 249 W 097-241 any warrany regarding the Dat's ccurscy. currancy,
—= Model Domain B 250 242 completeness or sutability for any parscular purpose.

Figure 45. Gladstone: dredging period (133 days) total sedimentation and bottom
thickness, Model Case 1.

71



o\
7
N

Ci

This map is derived from three dimensional
oceanographic and sediment transport models
with limited validation within the Great Barrier
Reef. This map is for comparative purposes
only and does not represent actual volumes . . -
or measured extent of sediment movement or -
necessarily indicate ecological impact.

3
<~

N <

[

|
‘ RN rth Keppel Island w
) ®
s -
( ‘ N <

f Glad:

'Ln%,,ﬁ;

aLo A VA Q
M W\ o @ = Gladstone
o 10 7\ Current Material
| S— N |
\ - Placement Site
Kilometres Tannui )
Vi
LEGEND
o Port Total (mglcm’) (mm) Rotwarast ot s documant b dafesbve
g free of d Kabilty fo
@ Localities 5-9 0.05-009 b;m:ﬁo:ﬁmn;gm "I:L‘ r any
=1 widscathe Reat B 10-24 B 010-023 information provided heren
[ Model Cases: Gladstone 25-49 0.24-047 © Commonwealth of Australa
[ Current Material Placement Site 50-99 048-0.96 ﬁ':;ﬁ:zmrx’x.m:’dénﬁi"
B 100 - 249 N 097-241 any warranty regarding the Data's accuracy. currency,
—=— Model Domain B 250 242 completeness or sultabilty for any partculer purPose.

Figure 46. Gladstone: dredging period (133 days) total sedimentation and bottom

thickness, Model Case 2.
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Figure 47. Gladstone: dredging period (133 days) total sedimentation and bottom
thickness, Model Case 3.
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Figure 48. Gladstone: Mean bottom thicknesses across the material placement sites
during the campaign. Results are based on the relocation of 6,000,000 m? of
material over 133 days (three releases per day of 15,000 m3).

Results at the End of the 12-Month Modelling Period

Figure 49 to figure 51 illustrate the predicted total sedimentation and bottom thickness
at the end of the 12 months for Model Cases 1-3, Port of Gladstone study location.

In general, total sedimentation levels were predicted to occur in a north-west direction
from Model Cases 1-3. For Model Cases 1 and 2, higher total sedimentation levels

(= 100 mg/cm?, equivalent to = 0.97 mm) were positioned 5 km from the material
placement sites in addition to the eastern extent of Curtis Island and around Rundle
Island. Model Case 3 results revealed the same regions of coverage by predicted
higher total sedimentation levels (= 100 mg/cm?, equivalent to = 0.97 mm) as Model
Case 1-2, in addition to the inclusion of Hummocky Island and Keppel Islands.

A comparison between the total sedimentation results at the completion of the material
placement period and at 12 months for Model Case 1 and Model Case 2 revealed a
reduction over time in the extent and level of total sedimentation and bottom thickness
in offshore areas, due to sediment resuspension events. The differences for Model
Case 2 and 3 showed increased total sedimentation to the north-west along the
mainland north of Yeppoon, as a result of material shifting northward along the
coastline from Port Alma to Yeppoon.
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Figure 49. Gladstone: long-term (12 months) total sedimentation and bottom thickness,

Model Case 1.
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Figure 50. Gladstone: long-term (12 months) total sedimentation and bottom thickness,
Model Case 2.

76



—
~
o

’
-~ f

)

' This map is derived from three dimensional
oceanographic and sediment transport models
with limited validation within the Great Barrier
Reef. This map is for comparative purposes
only and does not represent actual volumes - - -

@ orth Keppel Island or measured extent of sediment movement or

7

necessarily indicate ecological impact.

(7™~

Yeppoon.hy
Ross!ynw*‘,
-
7y
¢ 2D
! I S
@A’ 7%
IS { >
ot ° NS S
i
\ @ HuUmmocky Island
\ N -5
5
i) oty NN W
3 SETNN e o ar

\(\,U [

>0 ™
* L(’ltc “\) { p
W\ e ~~_ Gladstone
10 7\ Current Material
\ - Placement Site
iz - N
LEGEND
o Port Total (mglcm’) (mm) ot warant ok e Govument s Seibve nor
® Locaites 5-9 005009 B e b iy
7~ Indicative Reef . 10-24 B 0.10-023 fomaton provided neren
-4 -047
(] Model Cases: Gladstone iz 9: gi; 296 © Commonwealth of Australla
[ Current Material Placement Site 0 gus et Commemaai nor he o chess
A N 100 - 249 B 097-241 any warranty regarding the Data's accuracy, currency.
—— Model Domain B 250 242 completeness o sultabilty for any particular purpese.

Figure 51. Gladstone: long-term (12 months) total sedimentation and bottom thickness,
Model Case 3.
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Rosslyn Bay State Boat Harbour
Results During the Material Placement Operations

For Rosslyn Bay State Boat Harbour a maintenance campaign was modelled, with
40,000 m® of material relocated over 13 weeks (one release per day of 400 m®),
commencing in March. The sediment distribution was described as 50 per cent clay
and fine silt.

The TSS concentrations were predicted to remain below 5 mg/L, 95 per cent of the
time for all three material placement simulations. Due to the small number of releases
per day, (one per day) and low volume of material placed each day. Therefore, the
100" percentile (i.e. maximum value in each cell) plots are presented for comparison
between the material placement sites (see figure 52 to figure 54). The 100" percentile
contours provide extremely conservative results.

In general, the modelling showed the sediment plume moving in a north-west direction
from the placement sites. For Model Case 1 the concentrations were always below 25
mg/L. Concentrations ranging between 10-24 mg/L extended 1.3 km north-west (see
figure 52). The results for Model Case 2 showed TSS concentrations would be up to 49
mg/L adjacent to the material placement site. Concentrations between 10-24 mg/L
were predicted 5 km north-north-west (see figure 53). The modelling results for the
current material placement site showed that the concentrations would not exceed 9
mg/L.

Figure 55 to figure 60 present the predicted sedimentation rate (equalled or below)
experienced 50 per cent and 95 per cent of the time for Model Cases 1-2 and the
current material placement site. The distribution was very similar across the three
placement sites with sedimentation rates of up to 49 mg/cm?/d limited to within a 1 km
from the material placement sites.

Figure 61 to figure 63 illustrate the predicted total sedimentation and bottom sediment
thickness at the completion of the material placement operations.

Figure 64 shows the mean increase in bottom thickness across the three material
placements sites during the 90 day simulations. The results indicate that the current
material placement site was more retentive at day 90 (~19 mm) compared to Model
Case 1 and Model Case 2 (13 mm and 11 mm, respectively).
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Figure 52. Rosslyn Bay: dredging period (90 days) TSS distribution, Model Case 1 -

100" percentile.
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Figure 53. Rosslyn Bay: dredging period (90 days) TSS distribution, Model Case 2 -
100" percentile.
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Figure 54. Rosslyn Bay: dredging period (90 days) TSS distribution, current site - 100"

percentile.
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Figure 55: Rosslyn Bay: dredging period (90 days) sedimentation rate, Model Case 1 -

50™ percentile.
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Figure 56. Rosslyn Bay: dredging period (90 days) sedimentation rate, Model Case 1 -

95" percentile.
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Figure 57. Rosslyn Bay: dredging period
50™ percentile.

(90 days) sedimentation rate, Model Case 2 -
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Figure 58. Rosslyn Bay: dredging period (90 days) sedimentation rate, Model Case 2 -

95" percentile.
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Figure 59. Rosslyn Bay: dredging period (90 days) sedimentation rate, current site -

50™ percentile.
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Figure 60. Rosslyn Bay: dredging period
95" percentile.

(90 days) sedimentation rate, current site -
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Figure 61. Rosslyn Bay: dredging period (90 days) total sedimentation and bottom

thickness, Model Case 1.
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Figure 62. Rosslyn Bay: dredging period (90 days) total sedimentation and bottom
thickness, Model Case 2.
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Figure 63. Dredging period (90 days) total sedimentation and bottom thickness, Model

Case 3.
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Figure 64. Rosslyn Bay: Mean bottom thicknesses across the material placement
sites. Results are based on the relocation of 40,000 m? of material, over 90 days
(one release per day of 400 m®).

Results at the End of the 12-Month Modelling Period

Figure 65 to figure 67 show the predicted total sedimentation and bottom thickness at
the end of the 12 months from the start of the material placement operations for Model
Case 1 and Model Case 2 and the current material placement site.

Modelling indicated that the predicted total sedimentation loads of 100 mg/cm? or
greater (or bottom thickness of 1.11 mm or greater) were confined to within 1 km from
the material placement sites.

A comparison between the results at the completion of the material placement period
and at 12 months for all sites revealed a decrease in total sedimentation over time in
areas beyond the material placement sites. Additionally, at the end of 12 months, the
contours were predicted to extended further north from the placement sites (up to at
Water Park Point Headland and Corio Bay) as the sediments were continually
resuspended and mobilised northward under the influence of the northward-flowing
currents.
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Figure 65. Rosslyn Bay: long-term (12 months) total sedimentation and bottom

thickness, Model Case 1.
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Figure 66. Rosslyn Bay: long-term (12 months) total sedimentation and bottom

thickness, Model Case 2.
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Figure 67. Rosslyn Bay: long-term (12 months) total sedimentation and bottom
thickness, current site.

94



Port of Hay Point
Results during the Material Placement Operations

For the Port of Hay Point a capital dredging campaign was modelled which consisted of
8,500,000 m® of dredged material relocated over 22 weeks, commencing in April.
Modelling comprised five releases per day (11,000 m*/release), each release lasting

13 minutes. The relocated material had a high proportion of fine and coarse sand

(65 per cent).

Figure 68 to figure 72 show the 50™ or 95" percentile of TSS concentrations for Model
Cases 1-2 and the current material placement site. Note, no 50" percentile
concentrations greater than 5 mg/L were predicted for Model Case 1.

The 95" percentile contours show a general pattern of sediment plume dispersion
toward the north-north-west for all three material placement sites. Based on the 95"
percentile, predicted TSS concentrations did not exceed 9 mg/L for Model Cases 1
(see figure 68). The results for Model Case 2 showed that for 95 per cent of the time,
the concentrations between 10-24 mg/L or lower were predicted to be confined to
within the boundary of the material placement site (see figure 70). In comparison, the
10-24 mg/L TSS concentrations were predicted to extend up to 13km north-north-west
from the current material placement site (see figure 72).

Figure 73 to figure 78 show the 50™ and 95" percentile values of sediment rates for the
three material placement sites. For Model Case 1 elevated rates of sedimentation of
100 mg/cm?/d or greater included areas south of Carlisle, Brampton and St Bees Island
and the perimeter of the material placement site. Similar to Model Case 1, the results
for Model Case 2, showed elevated rates of sedimentation (100 mg/cm?/d or greater)
south of Carlisle and Brampton Islands and around to the boundary of the material
placement site (see figure 76). The analysis for the current material placement site
revealed isolated regions with elevated sedimentation rates of 100 mg/cm?/d or greater
(above background) approximately 10 km in a north-north-west direction (figure 78),
surrounding the site and southern coastline of Brampton Island.

Figure 79 to figure 81 illustrate the predicted total sedimentation and bottom sediment
thickness at the completion of the material placement operations for Model Case 1-3,
Port of Hay Point study location. For all three material placement locations, the
predicted total sedimentation and bottom sediment thickness were predicted to extend
beyond the extent of the model domain, north-north-west of the material placement
sites, in the vicinity of the Repulse Islands. Thus indicating the extent of the predicted
total sedimentation would disperse further afield had the model domain been extended.

The extent of the model domain was deemed sufficient in determining the predicted
TSS concentrations and sedimentation rates based on the percentile analysis results
(50™ and 95" percentiles).

Figure 82 compares the mean bottom thicknesses across the three material placement
sites during the 155 day campaigns. The results indicate a relatively consistent
increase at each of the placement sites with the current material placement site and
Mode Case 2 predicted to build up higher (98 mm and 96 mm, respectively) than Model
Case 1 (89 mm).
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Figure 70. Hay Point: dredging period (155 days) TSS distribution, Model Case 2 - 95

percentile.
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Figure 77. Hay Point: dredging period (155 days) sedimentation rate, current site - 50"
percentile.
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Figure 78. Hay Point: dredging period (155 days) sedimentation rate, current site - 95"

percentile.
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Figure 79. Hay Point: dredging period (155 days) total sedimentation and bottom

thickness, Model Case 1.
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Figure 80. Hay Point: dredging period (155 days) total sedimentation and bottom

thickness, Model Case 2.
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Figure 81. Hay Point: dredging period (155 days) total sedimentation and bottom
thickness, current site.
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Figure 82. Hay Point: Mean bottom thicknesses across the material placement sites.
Results are based on the relocation of 8,500,000 m® over 155 days (five releases
per day of 11,000 m°).

Results at the End of the 12-Month Modelling Period

Figure 83 to figure 85 illustrate the predicted total sedimentation and bottom sediment
thickness at the end of the 12 months for Model Case 1 and Model Case 2, and the
current material placement site, Port of Hay Point study location.

Modelling results at the end of the 12 months indicated substantial differences in the
total sedimentation contours between the existing material placement site and the two
model case sites. For Model Cases 1-2 the higher total sedimentation levels

(= 100 mg/cm?, equivalent to = 1.03 mm) were confined to within 1 km from the material
placement sites. The total sedimentation contours for the existing placement site show
widespread total sedimentation of 100 mg/cm? or more along the coast in a north-west
direction to a distance of 60 km. Depositional values of = 250 mg/cm? (= 2.56 mm) were
predicted to extend approximately 2-4 km in all directions from the current material
placement site.

Major differences were observed when comparing the results at the end of the
placement period and 12 months for all material placement sites. Due to the influence
of the northward currents, sediments were predicted to resuspended and remobilise to
levels below the reporting threshold (i.e. 5 mg/cm?) and beyond the model boundary for
Model Cases 1 and 2. As a result at the end of the 12-month period, total
sedimentation above 5 mg/cm?® was restricted to the material placement sites. A
comparison of the results for the current material placement site revealed a reduction in
the extent and level in offshore areas due to sediment resuspension events.
Additionally, there was increased total sedimentation to the north-west (Repulse
Islands to Shutehaven) along the mainland as a result of material shifting northward
along the coastline.
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Figure 83. Hay Point: long-term (12 months) total sedimentation and bottom thickness,

Model Case 1.
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Figure 84. Hay Point: long-term (12 months) total sedimentation and bottom thickness,

Model Case 2.
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Port of Abbot Point
Results during the Material Placement Operations

For the Port of Abbot Point a capital dredging campaign was modelled which consisted
of 3,500,000 m® of dredged material relocated over eight weeks, commencing in June.
Modelling consisted of six releases per day (10,500 m®release), each release lasting
13 minutes. The relocated material was described as containing a 61 per cent of fine
and coarse sand.

Figure 86 to figure 91 show the 50™ and 95" percentile of TSS concentrations resulting
from the material placement operations at Model Cases 1 and 2, and the current
material placement site, respectively.

The general direction of the modelled suspended sediment plumes was to the west-
north-west for all three material placement sites. The 95" percentile analysis indicated
that at the current site concentrations above 50 mg/L extended approximately 2.5 km
west-north-west. Concentrations between 10-24 mg/L were predicted to extend up to
15 km from the current placement site. In contrast, modelling showed smaller plumes
of lower concentration (less than 25 mg/L) for Model Cases 1 and Case 2.
Concentrations between 10-24 mg/L were predicted to extend up to 10 km north-west
from the boundary.

Figure 92 to figure 97 show the 50" and 95" percentile of sediment rates resulting from
the material placement operations at Model Cases 1-2 and the current material
placement site. There were considerable differences in the sedimentation rate contours
between the existing material placement site and the two model case sites based on
the 95" percentile analysis. For Model Cases 1 and 2 elevated rates of sedimentation
of 100 mg/cm?/d or greater encompassed areas around the perimeter of the material
placement sites. In contrast, the results for the current material placement site showed
elevated sedimentation rates around the site, as well as along the coast near Cape
Upstart and adjacent to Alva, ~80 km west-north-west from the placement operation
sites.

Figure 98 to figure 100 illustrate the predicted total sedimentation and bottom sediment
thickness at the completion of the material placement operations for Model Case 1-3,
Port of Abbot Point study location.

Figure 101 compares the thicknesses across the three material placement sites during
the 56 day material placement campaigns. The results indicate the current material
placement site was predicted to retain the greatest mean thickness at the end of the
56 day period (330 mm) compared to Model Case 1 (110 mm) and Model Case 2
(165 mm).
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Figure 88. Abbot Point: dredging period (56 days) TSS distribution, Model Case 2 -

50™ percentile.
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Figure 94. Abbot Point: dredging period (56 days) sedimentation rate, Model Case 2 -
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Figure 95. Abbot Point: dredging period (56 days) sedimentation rate, Model Case 2 -
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Figure 96. Abbot Point: dredging period (56 days) sedimentation rate, current site -
50™ percentile.
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Figure 97. Abbot Point: dredging period (56 days) sedimentation rate, current site -
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This map is derived from three dimensional
oceanographic and sediment transport models
with limited validation within the Great Barrier
Reef. This map is for comparative purposes

Model

Case 2

Abbot Point
Current Material
Placement Site

Model -
se 1

©Port of Abbot Point

N

only and does not represent actual volumes > i |
or measured extent of sediment movement or SNLA l
necessarily indicate ecological impact. B%*,,,.; .
e
A 4 -
/ Mapped Lo
~&_/ Area
/ 1
A
QLD A
N
0 10
R e | |
s mviid Kilometres
LEGEND
o Port Total (mglem’) (mm) ot wanant ot i docurmant b dooive or
® Localtties 5-9 0.05-0.10 free of error and does l;':ucceu Sabilty for any
= ndoatie Ree - 024 =011 025 e
] Model Cases: Abbot Point 25-49 028052 © Commorweaitn of Australe
50-99 053-104 (Groat Barrier Reef Marine Park Authoriy) 2003-2012
[ Current Material Placement Site Nether the Commonwealth nor the GBRMPA gves
< N 100 - 249 BN 105-262 any warranty regarding the Data's accuracy. currency,
—= Model Domain B 250 263 completeness or sutability for any particuler purpose.

Figure 98. Abbot Point: dredging period (56 days) total sedimentation and bottom
thickness, Model Case 1.
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Figure 99. Abbot Point: dredging period (56 days) total sedimentation and bottom
thickness, Model Case 2.
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Figure 100. Abbot Point: dredging period (56 days) total sedimentation and bottom
thickness, current site.
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Figure 101. Abbot Point: Mean bottom thicknesses across the material placement
sites. Results are based on the relocation of 3,500,000 m* over 56days (six
releases per day of 10,500 m®).

Results at the End of the 12-Month Modelling Period

Figure 102 to figure 104 illustrate the predicted total sedimentation and bottom
sediment thickness at the end of 12 months for Model Cases 1 and 2, and the current
material placement site, Port of Abbot Point study location.

Modelling results at the end of 12 months indicated similar results for Model Cases 1
and 2, and the Abbot Point current material placement site. In each instance, the higher
total sedimentation levels (= 100 mg/cm?, equivalent to = 1.05 mm) were within 5-10 km
from the material placement sites associated with each model simulation.

A comparison between the results at the completion of the material placement period
and after 12 months for all sites indicates that the spatial distributions of areas of
elevated total sedimentation were similar for all three material placement sites,
although levels were significantly reduced along the coastline (from > 250 mg/cm?

to < 100 mg/cm?). The reduction in total sedimentation along the coastline adjacent to
Alva, Ayr and Cape Bowling Green between the end of the placement campaign and
after 12 months is due to continuing sediment resuspension and northerly sediment
transport beyond the model extent.
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Figure 102. Abbot Point: long-term (12 months) total sedimentation and bottom

thickness, Model Case 1.
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Figure 103. Abbot Point: long-term (12 months) total sedimentation and bottom

thickness, Model Case 2.
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Figure 104. Abbot Point: long-term (12 months) total sedimentation and bottom

thickness, current site.
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Port of Townsville
Results During the Material Placement Operations

For the Port of Townsville a maintenance dredging campaign was modelled which
consisted of 400,000 m® of dredged material relocated over six weeks, commencing in
September was modelled. Modelling consisted of four releases per day

(2,231 m*/release), each release lasting 35 minutes over six weeks. The dredged
material consisted of a 71 per cent, clay and fine silts.

The modelling predicted TSS concentrations would remain equal to or below 5 mg/L,
95 per cent of the time for all three material placement sites. Therefore, for
comparisons, Figure 105 to figure 107 show the 100™ percentile concentrations for
Model Cases 1-2 and the current material placement site. The contours thus provide
the extremely conservative results.

The suspended sediment plumes were predicted to mainly disperse in a north-west
direction for all three modelled material placement sites, with sediments placed at the
current site also predicted to migrate in a south-east direction.

Based on the 100" percentile analysis all three sites showed that concentrations
between 10-24 mg/L were predicted to the north-west and alongside Magnetic Island to
the northern grid extent, just south of Lucinda. Additionally, waters adjacent Palm
Island and Havannah Island to the north and Cleveland Bay in the south are also
predicted to experience TSS concentrations of up to 10-24 mg/L. Isolated regions were
also predicted to encounter concentrations of 25-49 mg/L during the material
placement operations. The results for the current material placement site exhibited
concentrations of 2 50 mg/L within the vicinity of the placement site, nearby Magnetic
Island and in Cleveland Bay (see figure 107).

Figure 108 to figure 113 presents the 50" and 95" percentile of sedimentation rates for
the three sites. Fifty per cent of the time, the sedimentation rates did not exceed 24

mg/cm?/d for all three sites. Based on the 95" percentile analysis, the elevated rates of
sedimentation of 100 mg/cm?/d or more were confined to the material placement sites.

Figure 114 to figure 116 illustrate the predicted total sedimentation and bottom
thicknesses at the completion of the material placement operations (day 45) for the
three sites.

Figure 117 compares the mean thickness increase across the material placement sites
over the 45 day material placement operation. The results indicate that all three sites
were characterised by very small increases in predicted thicknesses by day 45,
between 1.7 mmto 2.1 mm.
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Figure 114. Townsville: dredging period (45 days) total sedimentation and bottom
thickness, Model Case 1.
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Figure 115. Townsville: dredging period (45 days) total sedimentation and bottom

thickness, Model Case 2.
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Figure 116. Townsville: dredging period (45 days) total sedimentation and bottom
thickness, current site.
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Figure 117. Townsville: Mean bottom thicknesses across the material placement sites.
Results are based on the relocation of 400,000 m* of material, over 45 days (four
releases per day of 2231 m®).

Results at the End of the 12-Month Modelling Period

Figure 118 to figure 120 illustrate the predicted total sedimentation and bottom
sediment thickness at the end of the 12 months for Model Case 1 and Model Case 2,
and the current material placement site, Port of Townsuville study location.

Modelling results at the end of the 12 months indicated that for all three sites, the
higher total sedimentation levels (2100 mg/cm?, equivalent to =1.11 mm) were confined
within the material placement sites.

The differences between total sedimentation at the end of the material placement
operations and after 12 months were similar for Model Case 1 and Model Case 2. For
both model cases, the total sedimentation levels were confined to the vicinity of the
material placement sites. The reduction in the extent and level in offshore areas was
due to sediment resuspension events. A comparison of the total sedimentation levels
for the current material placement site showed reduction in the extent and level in
offshore areas and low levels (< 25 mg/cm?) at the southern extent of Hinchinbrook
Island and between Ingham and Lucinda.
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Figure 118. Townsville: long-term (12 months) total sedimentation and bottom

thickness, Model Case 1.
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Figure 119. Townsville: long-term (12 months) total sedimentation and bottom

thickness, Model Case 2.
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Figure 120. Townsville: long-term (12 months) total sedimentation and bottom

thickness, current site.
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Port of Cairns
Results During the Material Placement Operations

For the Port of Cairns a maintenance dredging campaign was modelled which
consisted of 580,000 m® of dredged material relocated over five weeks, commencing in
August. There were 11 releases each day, with each release consisting of 1381 m*and
lasting eight minutes each in duration. The dredged material comprised 51 per cent of
clay and fine silts.

Figure 121 to figure 124 show percentile plots for the predicted TSS concentrations for
Model Cases 1-2 and the current material placement site for the Port of Cairns. Note,
no 50" percentile concentrations greater than 5 mg/L were predicted for Model Case 1
and Model Case 2.

The TSS modelling predicted sediment plumes to disperse in a north-west direction for
all of the three material placement sites. There were no concentrations greater than

9 mg/L predicted for Model Cases 1 and 2, on the basis of the 95" percentile analysis.
Results for the current material placement site revealed that the 10-24 mg/L contour
extended approximately 2 km north-west of the material placement site.

Figure 125 to figure 130 show the 50" and 95" percentile of sedimentation rates for the
three sites. For Model Case 1 and Model Case 2 the 95" percentile analysis showed
elevated rates of sedimentation (100 mg/cm?d or more) in the immediate vicinity of the
material placement site, along the Penguin Channel at Cape Kimberley and at Snapper
Island. In comparison to Model Cases 1-2, the current material placement site was
predicted to have smaller areas of elevated rates of sedimentation (100 mg/cm?d or
more) along the Penguin Channel at Cape Kimberley north-west of the placement site.
Additional areas predicted to be influenced by 95" percentile sedimentation rates of
>100 mg/cm?/d included areas south-east of Double Island and in the immediate
vicinity of the material placement site.

Figure 131 to figure 133 illustrate the predicted total sedimentation and bottom
sediment thickness at the completion of the material placement operations.

Figure 134 compares the mean thickness increase over 38 days across the material
placement sites. The results indicate that the current site is more retentive and
increased by an average of approximately 8 mm over the 38 day placement operations,
approximately 2 mm greater than the average thickness increases at Model Case 1
and Model Case 2.
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Figure 131. Cairns: dredging period (38 days) total sedimentation and bottom
thickness, Model Case 1.
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Figure 133. Cairns: dredging period (38 days) total sedimentation and bottom
thickness, current site.
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Figure 134. Cairns: Mean bottom thicknesses across the material placement sites.
Results are based on the relocation of 580,000 m® over 38 days (11 releases per
day of 1381 m®).

Results at the End of the 12-Month Modelling Period

Figure 135 to figure 137 illustrate the predicted total sedimentation and bottom
sediment thickness above background at the end of the 12 months for Model Case 1
and Model Case 2, and the current material placement site, Port of Cairns study
location.

Modelling results at the end of the 12 months indicated that for all three sites, the
higher total sedimentation levels (= 100 mg/cm?, equivalent to = 1.64 mm) were
confined to within 2.5 km from the material placement sites.

Differences in total sedimentation levels between the completion of the material
placement period and end of 12-months showed a reduction in the extent and levels
(from > 250 mg/cm?to < 25 mg/cm?) in areas along the coastline between Cairns and
north of Snapper Island due to continuing sediment resuspension events and
northward transport of sediments.
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Figure 135. Cairns: long-term (12 months) total sedimentation and bottom thickness,

Model Case 1.
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Figure 136. Cairns: long-term (12 months) total sedimentation and bottom thickness,
Model Case 2.
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BENEFITS OF THIS STUDY

The purpose of the 'Improved Dredge Material Management for the Great Barrier Reef
Region’ study is to support a strategic, long-term approach for improved management
of dredge material in the Region. The study provides tools for decision making
regarding dredge material placement at the six study locations.

The most important benefit of study is that it has characterised the implications of
placing dredge material in alternative, indicative locations. The focus of the study is on
comparing alternatives, not on predictions regarding specific individual sites. In this
sense, the study constitutes a screening-level “sensitivity analysis” of the relative
merits, if any, of potential alternative placement areas. The study serves as a tool to
guide the selection and assessment of options for ocean placement of dredge material;
it does not and should not be interpreted as recommending specific sites.

The study is explicitly not intended to provide a comprehensive EIA of specific,
individual dredging projects at a level of rigour and detail commensurate with best-
practice management appropriate for the iconic status of the World Heritage Area.
Therefore, the results should not be interpreted as concrete predictions of
environmental impact from dredge material placement at specific sites, for specific
projects, or upon specific receptors.

The primary objective of the modelling component of the study, the subject of this
report, was to provide insight into how placement of material at alternative locations
would affect the subsequent dispersal of dredge material, using a consistent modelling
approach applied over large spatial and temporal scales. This research is the first to
incorporate the combined influence of waves, tides, local winds and large-scale
currents in modelling the movement of dredge material in the long term (12 months) at
multiple locations within the Region. It has provided new insight into the potential
temporal and spatial scales of dredge material dispersal in the Reef lagoon.

The modelling is based on hypothetical scenarios in terms of type of dredging (capital
or maintenance), dredged material volumes and characteristics, dredging campaign
season and duration, and dredging equipment that are most relevant to each study
area. These scenarios were developed in cooperation with the port operators and the
GBRMPA and are considered to be most relevant to long-term port development
envisioned at each location. They do not represent specific past or proposed dredging
campaigns.

This research gives decision makers better understanding of the maximum credible
excursions that sediment may travel when placed at potential alternative sites, using a
consistent modelling approach applied over large spatial and temporal scales. The
results are not intended to be or replace the need for in-depth, project-specific EIAs.

Dr Eric Wolanski, independent reviewer to the GBRMPA stated “for probably the first
time in the history of modelling the fate of dredged sediment in the GBR, the authors
did model the long-term fate of fine sediment after initial settling near the dump sites
i.e. they attempted to answer the question where does the sediment ultimately go?”
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MODEL ASSUMPTIONS AND LIMITATIONS

As previously noted, this study is the first to incorporate both large-scale ocean
currents and 12-month modelling of sediment migration at the scale of the entire
Region. This ambitious undertaking required the adoption of various simplifying
assumptions in order to complete the research within the allocated timeframe. Where
there was uncertainty the assumptions are generally conservative, that is, lead to
"maximum credible" predictions of sediment mobility. This research, like any pilot
research, has certain assumptions and limitations, and raises questions requiring
further developments and research.

Hydrodynamics

Incorporating the influence of large-scale currents in the model significantly increased
the current speeds flowing to the north-north-west (figure 138). As a result, predictions
of the spatial extent of sedimentation were dramatically different in simulations
conducted with and without the influence of the large scale currents (figure 139 and
figure 140). Hydrodynamic studies have shown that large-scale currents have a
significant effect on circulation in the Reef lagoon (Brinkman et al. 2001; Lambrechts et
al. 2008; Webster et al. 2007; Wolanski 1994).

As a conservative approach, 2011 was selected as the year upon which to base the
modelling because it was the most energetic year of the eight-year data set assessed,
therefore the model outputs provide an upper bound (credible maximum) that dredge
sediments could travel. It should be noted, however, that cyclonic conditions were not
incorporated in the modelling.

The HYCOM large-scale current predictions were combined onto the same grid as the
HYDROMAP current predictions through vector addition within every grid cell of the
hydrodynamic model grid from the 10 m contour outward. An internal investigation of
modelling results with and without the influence of local winds found there was no
double-forcing of surface hydrodynamics. To further quantify this approach, future work
would involve using the HYCOM large-scale current model predictions as boundary
conditions for the tidal and local wind model, so that it is at the same spatial (700 m)
and temporal (hourly) resolution as the tide and local wind model (see ‘Incorporation of
Large-Scale Currents’, page 182). This approach would also assess the influence of
large-scale currents in depths less than 10 m and whether the approach adopted in this
study may over-estimate sediment transport.

The HYDROMAP model was calibrated to water levels and found to be in good
agreement, and observed elevations (average error for water levels at Cairns was 0.07
m which has a maximum elevation of 3.05 m and 0.49 m at Hay Point which has a
maximum elevation of 6.68 m). Due to time constraints it was not possible to calibrate
the combined tide, local wind and large-scale current forcing and optimise the fit of
model outputs to measured data. When the combined HYCOM and HYDROMAP data
has been compared to available current measurements at three locations (Townsville,
Hay Point and Palm Passage) it was found to compare well (see table 5 and table 7).
To achieve greater confidence in the combined currents, measured data in other areas
should be compared.

The model resolution within 50 km from the six study sites (~700 m) is comparable, if
not better, than other models used for the Reef.

Consideration of the effects of local-scale, shallow-water wave action around reefs and
coastlines and resultant sediment resuspension, and tidal pumping and trapping of fine
sediments into estuaries and mangroves was beyond the scope of this study. These
processes are known to be important in governing nearshore turbidity and
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sedimentation (Alongi & McKinnon 2005; Furukowa & Wolanski 1996; Webster et al.
2007; Wolanski et al. 1997, 2005). High predicted sedimentation in nearshore areas
needs to be interpreted in this context, which means that in shallow water the model
may overestimate sedimentation. Again it is emphasised that the primary benefit of the
study is the comparison of the broad implications of placement at relative sites, rather
than assessment of local-scale impacts of placement at individual alternative sites.

However, consideration of local-scale effects is required for a port- and project-specific
EIS.
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Figure 138. Snapshot of predicted current fields with (top) and without (bottom)
including large-scale current forcing in the Gladstone study area. The high
current speeds south of Gladstone reflect forcing by tides and waves. The high
current speeds to the north in the top figure reflect the influence of the large-scale
currents; the decrease in current speeds near shore in the top panel results from
the cut-off in applying large-scale current forcing at the 10 m depth contour.
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placement scenario at the current placement site, including large-scale current

forcing.
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Sediment Plume and Migration Modelling

This is also only the second study to model dredged material migration in the Region
for 12 months after the commencement of dredged material placement. In the first,
BMT WBM (2012) predicted dredged material migration from the current placement site
at Rosslyn Bay extended beyond the boundary of the local modelling domain used in
the study. The present study also indicates the potential for dredge material to move
long distances after placement; the larger spatial scale of the model domains used
herein provides a better indication of the patterns of long-term sediment migration, but
even so modelled migration extends beyond the model domains in some cases.

The sediment plume modelling assumed that the dredged material was released
randomly over the defined material placement sites, spreading it over a large area. In
reality, dredged material placement will differ for the six locations and between
projects. Material may be placed in a grid pattern to spread it across the placement
site, or concentrated in a mound. Individual releases of dredged material may occur
while the dredge or barge is stationary or underway, and if underway moving in a
straight line or turning. The placement methodology will affect the thickness and spatial
extent of dredge material on the bottom immediately after release, and hence its
subsequent resuspension. Accounting for such port-specific operations was beyond the
scope of this study. Consideration of placement methodology at a level required for a
port- and project-specific EIS offers opportunities for mitigation of sediment-related
impacts from dredge material placement. Navigational considerations, hydrodynamic
and habitat effects of altered bathymetry, and other factors also need to be considered
in designing the placement methodology.

During the material relocation period, the sediment plume was calculated on a 200 m x
200 m horizontal resolution, which limited the ability to assess the very near thickness
accumulation of sediments on the material placement site. Therefore, the thickness of
sediment deposits immediately over the material placement site will be higher for actual
projects than predicted by the modelling herein. Again, the model represents
“maximum credible” scenarios for dredge material migration from the placement site.
The assumption of random placement over the entire placement site is significant in
this regard, as armouring, which occurs when winnowing of fine material from the
sediment surface leave a layer of coarse material that protects underlying fines from
being resuspended, will be less important for thin, widely distributed layers of dredge
material than for less extensive, thicker layers.

Many site-specific factors were included in this research, including the use of localised
datasets of currents, waves, bathymetry, and sediment particle sizes in addition to
information describing the volumes and operational characteristics at each of the six
study locations. However, the consolidation of the dredge material after placement and
wave-induced fluidization processes have been omitted, as calculating site-specific
values was beyond the scope of this study.

DREDGEMAP was used to simulate the transport of sediments for this project.
DREDGEMAP is an enhancement of the publicly available SSFATE model developed
by the United States Army Corps of Engineers. Values employed by the model for
sediment deposition, sediment resuspension and sediment settling velocities are all
based on peer reviewed-literature (van Rijn 1989; Soulsby 1998; Soulsby &
Whitehouse 1997; Teeter 1998).

Enhanced settlement rates due to flocculation and scavenging are particularly
important for clay and fine-silt sized particles (Swanson et al. 2004) and these
processes have been implemented in DREDGEMAP based on previous United States
Army Corps of Engineers studies (Teeter 1998).
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The model assumed that dredge material on the bottom remains unconsolidated, that
is, there is no allowance for the compaction of material over time. This gives an upper
bound for subsequent sediment resuspension and migration. Consolidation will in fact
occur and will reduce sediment resuspension. There is insufficient information on the

rates of consolidation of dredge material to credibly quantify it in the modelling.

Finally, the modelling did not set any operational limits on material placement, which
was assumed to continue regardless of weather. In actuality, material placement will be
constrained by strong winds and waves, conditions in which sediment mobility will be
greatest.

Relative Influence of Terrestrial and Dredging Sediment Inputs

The modelling has predicted "above background" TSS and sedimentation, meaning
that dredge material is considered in isolation from ambient conditions. This inherently
assumes that the effects of dredge material placement are simply additive to whatever
ambient levels exist at any point in time. This is a standard approach often used in
modelling of dredge material placement and a necessary assumption in the scope of
this study.

Understanding of ambient background has important implications. If background TSS
or sedimentation are already at or near levels that cause ecosystem stress, it is
possible that relatively small increases above background could increase stress and
therefore cumulative impacts. Conversely, if the above-background contribution from
dredge material is small relative to ambient background, then it could be difficult to
measure any incremental increase attributable to dredging. In terms of a better
understanding of the model predictions, an important aspect of the "above background"
assumption may be with regard to dredge material resuspension, which is the primary
driver of the long-range migration predicted by the model. As described above, the
modelling incorporates the effects of armouring, which refers to the winnowing away of
fine material from the sediment surface, leaving a surface layer of relatively coarse
material that tends to protect underlying fines from being resuspended.

It is impossible to make like-for-like comparisons of river inputs of sediment to potential
mobilisation of sediments by dredge material placement (and it is important to
recognise that the scope of this study was restricted to material placement and not
dredging itself). Nonetheless, it is instructive to consider long-term quantities of dredge
material in the context of riverine inputs. It is also critically important to recognise that
TSS inputs from rivers are estimated to have increased more than five-fold since pre-
European times (Kroon et al. 2009).

Table 10 shows recent estimates of TSS inputs, in kilotonnes (kt) of dry mass, from the
10 major catchments draining into the study area by Joo et al. (2012) and Kroon et al.
(2009, 2012). Using the estimates of Kroon et al. (2012), these 10 catchments account
for 72 per cent of current (i.e. post-European) TSS inputs to the Reef lagoon. Joo et al.
(2012) did not estimate total inputs to the lagoon but instead focused on these

10 catchments because they have been identified as priority catchments for ReefPlan
(Carroll et al. 2012).

Joo et al. (2012) derived their estimates from end-of-river monitoring of TSS
concentrations over three years (2006/07, 2007/08 and 2008/09), coupled with
modelling. The estimates of Kroon et al. (2009, 2012) were based on available
estimates of river inputs, including monitoring data, and catchment modelling. Kroon et
al. (2012) provide refined estimates for six catchments (Pioneer, Burdekin, Herbert,
Tully, Johnstone and Barron) using additional monitoring data and model corrections.
Kroon et al. (2012) present estimated inputs on the basis of annual means, while
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Joo et al. (2012) present estimates for the three individual years. For comparison,
Table 10 shows the mean over the three years of Joo et al.’s (2012) estimates, as well
as the range, as an indication of inter-annual variability.

There are substantial differences in predicted TSS inputs from individual rivers, which
are likely to result from differences in methodology, and the years of monitoring data
used in deriving the estimates. The very low TSS input estimates for the Burnett River
by Joo et al. (2012), for example, reflect the absence of a high-flow event during the
monitoring period used in that study. There are additional uncertainties in these
estimates, including the possibility of significant TSS inputs from over-bank flows
during floods that are not captured in monitoring data (Darnell et al. 2012; Wallace et
al. 2012). Nonetheless, they represent a useful context for considering river inputs of
sediment in relation to dredge material quantities.

Table 10. Estimated TSS inputs (kt) from ten major river catchments.

Joo et al. (2012) Kroon et al.

(2009, 2012)

River Range 2006/07 - Annual Mean Annual Mean
2008/09 Total
Burnett' 0-5 2 1400
Fitzroy* 320-4751 1825 4100
Pioneer 111-255 174 50
O’Connell* 24-121 65 630
Burdekin 6503-12,700 9606 4000
Herbert 220-1888 815 380
Tully 88-116 106 92
Johnstone 132-241 178 320
Barron 30-397 197 100
Normanby* 59-211 125 1100
Totals n/a 13,093 12,172

1: Kroon et al. estimate is from Kroon et al. (2009) rather than Kroon et al. (2012)

Table 11 shows estimates of projected quantities of proposed dredge material
placement at the six locations over 25 years as determined in this study, in terms of
both in situ volumes of material, the quantity used in dredging approvals, and dry mass,
the quantity comparable to the river input estimates and that used for sediment plume
and migration modelling. The estimates in table 11 were derived as follows:

e The total estimated 25-year dredging volumes were developed in consultation
with the port authorities as described in SKM APASA (2013b). The anticipated
volume of capital dredging, originally estimated at 25,000,000 m?, has
subsequently been reduced to 20,000,000 m?3,which is reflected in table 6
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e For most of the six locations the estimates of capital versus maintenance
dredging volumes were also developed through consultation with the port
authorities. For Gladstone, the long-term maintenance dredging requirement
was based on BMT WBM (2009) and the capital dredging requirement
determined by subtraction

e The conversion from in situ volumes to dry mass was calculated using a factor
of 1 m®= 0.8 t for capital dredging and 1 m® = 0.7 t for maintenance dredging;
these factors were developed from geotechnical data and dredging records in
consultation with the port authorities. The dry mass per tonne for the in situ (that
is, material on the seabed before dredging) is a function of the water content of
the combined sediment/water mixture in situ and the density of the dry
sediment. The masses in tonnes are converted into kilotonnes in table 11 for
comparison with table 10

e Since the total volumes in table 11 represent different proportions of capital and
maintenance dredging, with different conversion factors to dry mass, total
volumes were not converted into dry mass. Instead, the total dry mass of
dredge material relocation over 25 years can be determined from the sum of
capital and maintenance dredging dry mass estimates.

A high-level comparison of table 10 and table 11 indicates that the estimated annual
dry mass of dredge material from the six locations (4933 kt/y, the sum of the annual dry
masses from capital and maintenance dredging) represents about 40 per cent of the
total estimated terrestrial sediment input from the ten major catchments.

In this regard, it is important to differentiate capital from maintenance dredging.
Maintenance dredging represents the relocation of material that is already mobile in the
ambient sedimentary regime and has been trapped in areas that are already dredged.
Thus, relocation of material from maintenance dredging does not represent a new input
of sediment to the lagoon. If only capital dredging is considered, bulk sediment inputs
from dredge material relocation reduce to about 30 per cent of river inputs to the
lagoon, averaged over 25 years.

Capital dredging material is dominated by relatively coarse material (sand and
coarser), whereas TSS input from rivers is dominated by fine clay and silt. More than
70 per cent of TSS in Burdekin River flood plumes, for example, consists of clay and
fine silt < 16 um (Amos et al. 2004; Bainbridge et al. 2012). By contrast, in the three
capital dredging scenarios developed for this study (Gladstone, Hay Point, Abbot
Point), sands > 75 um constituted more than 60 per cent of the material, and fine
material < 35 pm less than 30 per cent. Finer sediments are more mobile than coarser
material, setting aside the consolidation of sediment on the bottom as was assumed in
this study. Perhaps more importantly, fine sediments generally have the greatest
impacts on corals and seagrasses (Erftemeijer & Lewis 2006; Falwoski et al. 1990;
Piniak 2007; Weber et al. 2006). Using the approximation that 70 per cent of river
sediment inputs are fine sediments, compared to about 30 per cent of capital dredging
material inputs, mean annual inputs of fine sediment from relocation of capital dredging
material at the six locations represent around 11-12 per cent of mean annual inputs of
fine sediments from the 10 major rivers, and 8-9 per cent of total inputs to the Reef if it
is considered that the 10 catchments represent 72 per cent of total inputs.

Long-term averages are not necessarily an appropriate context for considering dredge
material relocation relative to the river inputs, because impacts can potentially occur
from individual dredging campaigns that do not correspond to long-term averages. This
is particularly true for capital dredging projects involving the relocation of large amounts
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of material over a relatively short period (one or two years) of time. In addition to
25-year means, table 11 shows indicative volumes and dry masses of solids that might
be relocated by dredging in a given year. The indicative capital dredging campaigns in
table 11 reflect the modelled scenarios for Gladstone, Hay Point, and Abbot Point. The
indicative campaign for Cairns reflects the proposed Cairns Shipping Development
Project, and that for Townsville reflects Stage 2 of the proposed Port Expansion
Project. Inspection of table 11 indicates that, on time scales of one or a few years,
major dredging projects can indeed mobilise fine sediments in comparable quantities to
river inputs.

It must also be recognised that inputs at the scale of the entire Reef lagoon will not
reflect relative inputs of sediment from dredge material relocation and rivers at the
scale of the six locations, nor are annual inputs necessarily relevant given the strong
seasonality of river inputs. Detailed review of regional and seasonal patterns of river
inputs relative to dredge material placement is beyond the scope of this study.

This high-level comparison of the amounts of material potentially mobilised by dredging
with river inputs provides useful context, but is not directly relevant if turbidity and
sedimentation in the Region are not controlled by sediment inputs. For the purpose of
determining catchment management targets to reduce TSS concentrations in the
lagoon, it has been assumed that lagoon TSS concentrations are directly proportional
to river inputs (Brodie et al. 2009; Kroon 2012). There are differing views, however, on
the extent to which TSS and turbidity on the Reef are controlled by sediment inputs
rather than resuspension of ambient sediment. Both Brodie et al. (2009) and Kroon
(2012) acknowledge considerable uncertainty in this regard. There is evidence that
turbidity regimes on the reef are driven primarily by sediment resuspension
(Lambrechts et al. 2010; Larcombe et al, 1995; Larcombe & Woolfe 1999; Orpin et al.
1999; Orpin & Ridd 2012; Webster & Ford 2010). If so, then new sediment inputs from
dredge material placement would not be expected to directly affect TSS or turbidity
regimes appreciably. Amos et al. (2004) and Fabricius et al. (2013), however, present
evidence that turbidity is indeed limited by the supply of new sediment inputs.

As noted by Brodie et al. (2009), however, even if sediment inputs do not directly
control TSS and turbidity in the Reef lagoon, they could indirectly increase turbidity by
depositing surface layers of sediment that are more easily resuspended than more
consolidated ambient sediments. Placement of dredge material could have a similar
effect and make dredge material more susceptible to resuspension than it was prior to
dredging. This again points to the desirability of better understanding post-disposal
consolidation.

Another factor that could lead to changes in turbidity regimes even if they are not
directly controlled by sediment inputs is that placement of dredge material may move
sediment from one sedimentary regime to another. The inner shelf is dominated by a
wedge of terrestrial sediment, out to around the 20 m depth contour in the south and
middle Reef, tending to narrow to about the 10 m contour in the north (Belpario 1983;
Lambeck & Woolfe 2000; Mathews et al. 2007). Placement of dredge material beyond
this zone moves predominantly terrestrial sediments to the middle shelf, which is more
dominated by sediment of marine origin and has a different sediment transport regime.
This should be considered in detailed EIAs of proposed dredge material placement
projects not only with regard to turbidity but also to other ecological implications of
placing terrigenous sediment in environments further offshore.

To the extent that turbidity regimes on the reef are driven not by sediment inputs, but
rather by sediment resuspension, then the appropriate comparison would be the
amount of dredge material mobilised against the quantity of ambient sediment available
for resuspension. This study made no attempt to quantify those relative amounts, and
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all model outputs are "above back ground”. Thus, resuspension of ambient sediment
from the seabed is taken to be zero, and interactions between particles of dredge
material and ambient sediment are not taken into account. In reality, resuspension
events will mix dredge material with ambient sediment, and deposition will tend to bury
the dredge material, reducing its availability for subsequent resuspension. Again, the
modelling presents maximum credible predictions of dredge material migration. The
need for further consideration of ambient sediment resuspension is discussed in
‘Ambient ' page 182.
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Table 11.Volumes and dry mass of dredged material envisioned over 25 years at the six locations.

Location Units Total (25 Total capital Capital - Indicative Total Maintenance Typical Indicative
years) (25 years) mean per Capital Maintenance -mean per | maintenance | maintenance
year campaign (25 years) year dredging campaign
interval
(years)
Gladstone Volume (m®) 80,000,000 72,500,000 2,900,000 6,000,000 7,500,000 300,000 1 300,000
Dry Mass (kt) n/a 58,000 2320 4800 5250 210 210
Rosslyn Bay | Volume (m®) 250,000 0 0 0 250,000 10,000 3 30,000
Dry Mass (kt) n/a 0 0 0 175 7 21
Hay Point Volume (m®) 28,000,000 20,000,000 800,000 8,500,000 8,000,000 320,000 3 960,000
Dry Mass (kt) n/a 20,000 640 6800 5600 224 672
Abbot Point Volume (m®) 8,500,000 3,500,000 140,000 3,500,000 5,000,000 200,000 5 1,000,000
Dry Mass (kt) n/a 2800 112 2800 3500 140 700
Townsville Volume (m?®) 24,000,000 6,900,000 276,000 3,500,000 17,100,000 684,000 1 684,000
Dry Mass (kt) n/a 5520 221 2800 11,970 479 479
Cairns Volume (m°) 20,000,000 5,000,000 200,000 5,000,000 15,000,000 600,000 1 600,000
Dry Mass (kt) n/a 4000 160 4000 10,500 420 420
Total for six Volume (m°) 165,750,000 | 107,900,000 4,516,000 | 26,500,000 52,850,000 2,114,000 n/a 3,574,000
locations Dry Mass (kt) | n/a 90,320 3,453 21,200 36,995 1,480 2,502
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KNOWLEDGE GAPS AND FURTHER RESEARCH

This study clearly indicates that dredge material placed at sea has the potential to
migrate on greater spatial and temporal scales than has previously been appreciated.
The study has also produced the unexpected result that, when large-scale currents are
incorporated, bed shear-stress and resultant significant sediment resuspension and
migration may be higher in deeper waters offshore of the currently used dredge
material placement sites. These results point to a number of key knowledge gaps and
research areas in relation to developing improved management strategies for dredge
material in the Region.

Modelling Sensitivity Analysis

The study has been particularly ambitious not only in including large-scale currents in
modelling dredge material migration over 12 months, but in doing so at the scale of the
entire Region, with bed shear-stress modelling for 12 Queensland ports and more
detailed dredge material modelling for the six main study areas. Completing these
tasks within the scope of the study necessarily required a number of simplifying
assumptions, as described above.

In principle it would be possible to further develop and refine the model at the Regional
scale. Modelling will never be perfect, and it may be better to invest in more strategic
water quality and ecological impact monitoring, or research on receptor sensitivities,
improved methods for water quality monitoring or rapid detection of ecological stress,
research on the effectiveness of potential mitigation measures, or studies of cumulative
impact and ecosystem resilience.

At this stage, however, SKM and APASA's view is that further research on modelling of
dredge material transport, in particular investigating the sensitivity of the model
developed in this study to the identified assumptions, is a priority for further developing
management strategies. This could be done by varying the key parameter assumptions
for one or a few selected model cases to determine the extent to which the changes in
each assumed parameter affect the model predictions. The results would be invaluable
in developing improved models so as to provide the best possible predictive
assessment of dredge material movement in the World Heritage Area. Model sensitivity
analysis would also help set priorities for field and laboratory research, by identifying
which parameters are most critical to quantify. Perhaps most importantly, the results
are needed to help clarify the range of variability and uncertainty in model predictions
of dredge material migration. An understanding of this range is needed to guide the
development of a strategic approach to water quality and ecological monitoring at the
Regional scale. For example, in selecting sites for long-term strategic monitoring, it is
important to understand how much the spatial pattern of sediment movement might
vary from year to year.

Inter-annual Variability

The modelling in this study used wind, wave, tide and current data from 2011. In
developing the model, data from the years 2004 to 2011 were examined. The year
2011 was selected because it was the most energetic conditions that is, the highest
current speeds, of the eight years examined. This provides an upper bound for
sediment transport, in other words ‘maximum credible’ predictions of dredge material
migration. The year 2011 was also a strong La Nifia year. It would be useful to
understand how representative the results of the study are with respect to less-
energetic conditions, and to fluctuations in the El Nifio-Southern Oscillation cycle, that
is, whether the predicted distance and direction of dredge material migration also hold
true in EI Nifio or neutral years. This could be assessed by using data from other years
to drive the model while holding other parameters constant.
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Sediment Resuspension and Consolidation

Determination of site-specific estimates of critical shear-stresses for resuspension of
particles of different sizes was beyond the scope of the study, and resuspension was
modelled using uniform estimates based on accepted published values. The estimates
for resuspension (i.e. erosion) were selected based on available literature. Additional
model runs varying the assumed 'resuspensibility’ of sediments once settled on the
bottom would elucidate the sensitivity of the model predictions to this parameter.

Similarly, as described in '
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Sediment Plume and Migration Modelling', p. 174, the model did not take into account
the consolidation of dredge material on the bottom after initial release. This gives an
upper bound for subsequent resuspension and migration. Again the importance of this
assumption, and thus the priority of studies to quantify the rate of consolidation and its
effect on sediment resuspension, could be tested through model runs that assume
varying rates of consolidation while holding other parameters constant.

Ambient Background

As described in ‘Relative Influence of Terrestrial and Dredging Sediment Inputs’ page
175, the modelling has predicted "above background" TSS and sedimentation, a
standard approach but with important implications.

Additional modelling that incorporates the resuspension of ambient sediments as well
as riverine inputs of suspended sediments valuable insight into the relative
contributions of dredge material and other sources of sediment in the Region, and their
subsequent migration. This would be a direct contribution to improved capabilities for
cumulative impact assessment.

Incorporation of Large-Scale Currents

The modelling in this study incorporated the influence of large-scale currents on
sediment transport through a process of vector addition (see 'Hydrodynamics', p. 170).
To better understand the significance of this approach, future work could apply the
HYCOM (large-scale current model) predictions as boundary conditions to the tidal and
local winds model, so that the models are at the same spatial (700 m) and temporal
(hourly) resolution. This approach would also verify the influence of large-scale
currents in water depths less than 10 m and whether the approach adopted in this
research may be an over-estimate of the dredge plume footprints.

Shallow Water Processes

The scope of the project did not permit the inclusion of shallow water processes on
sedimentation, specifically shallow waves (e.g. surge from shoaling waves, surf), or
tidal pumping of sediment into mangroves and estuaries. For the main purpose of this
study, comparison of the relative outcomes of placing material in different locations as
opposed to predicting impacts on specific receptors, this is not a critical assumption.
Detailed environmental impact assessment, on the other hand, would need to consider
these important local shallow water processes. For example, the relatively high
sedimentation predicted on the exposed windward sides of islands and reefs do not
take these processes into account and are unlikely to be realistic.

SKM and APASA's view is that the technical requirements to link models of detailed
shallow water processes to large-scale processes are not justified in the context of
strategic consideration of improved management arrangements for dredge material,
and that other research areas have higher priority. Modelling for predictive impact
assessment for specific individual projects, however, needs to take shallow-water
processes into account.

Presentation and Interpretation of Modelling Results

As noted in 'Presentation of Results', page 57, model results presented as maps of
percentiles of occurrence of various TSS concentrations and sedimentation rates can
be somewhat difficult to understand and interpret. SKM and APASA believe it would be
beneficial to initiate a process to address questions such as: a) What is the best way to
represent model output? b) What should be industry standards or what is considered
best practice when reporting modelling results? ¢) How should the technical/regulatory
community interpret modelling results?
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Direct Sediment Resuspension and Consolidation Studies

The model predictions of relatively high bed shear-stress and resultant significant
sediment resuspension in deeper waters offshore of the currently used sites are an
unexpected result of the study. Studies of sediment resuspension in the Reef that were
not directly related to dredge material have tended to indicate that sediment
resuspension is relatively uncommon below a depth of about 20 m (e.g. Larcombe &
Woolfe, 1999; Orpin et al. 1999, 2004; Wolanski et al. 2005). Wolanski et al. (2005), for
example, found that sediment resuspension during storms did not extend below a
depth of 12 m on the windward side of an inner-shelf island, or below 5.5 m on the
leeward side.

Previous direct studies of sediment resuspension have tended to focus on inshore
areas, rather than the mid-shelf lagoon, where the present study predicts a strong
influence of large-scale currents on bed shear-stress and potential sediment
resuspension. Model sensitivity analysis would provide insight into whether the
resuspension assumptions of the model used in this study have a critical effect on
predicted sediment migration. If so, field measurements of bed shear-stress and/or
sediment resuspension would significantly improve understanding of the implications of
offshore dredge material placement in relation to the present study’s results. Useful
information may already be available, including Acoustic Doppler Current Profile
(ADCP) current data collected for hydrodynamic modelling in EISs for proposed
dredging and material placement projects. ADCP data can be used to derive current
speeds from the movement of particles in the water column, and can be processed to
aid estimates of sediment resuspension. Depending on the results of this “data mining”
exercise, additional work could involve deploying ADCP and LISST (Laser In Situ
Scattering and Transmissometry) instruments at more strategic locations to measure
currents and sediment resuspension.

Measurements of resuspension of ambient sediment from the seabed, however, may
not be representative of resuspension of dredge material after placement, for example
because of differences in particle size distribution or because ambient sediments are
more consolidated (compacted) than dredge material, especially when newly placed.
Consolidation increases the bed shear-stress required to resuspend sediments. As
noted by SKM APASA (2013a, 2013b) in relation to maintenance dredging, placement
of dredge material has the potential to increase suspended sediment concentrations
and sediment mobility, even if not representing a new sediment input to the lagoon, by
making the sediment more susceptible to resuspension. Additional studies such as that
by Wolanski et al. (1992), assessing consolidation and resuspension through field
studies of suspended solids concentrations in relation to winds and currents coupled
with laboratory experiments, would be useful in refining the model predictions of the
present study. It is also possible to directly monitor consolidation, and changes in
particle size distribution due to winnowing of fine surface material, with advanced
techniques such as sediment profile imagery (SPI). Measurements of sediment
consolidation and its effects on resuspension are also needed to inform modelling of
the relative resuspension of dredge material and ambient seabed sediments.

Improved Understanding of Operational Mitigation Measures

The model in this study assumed material was released randomly over the sites during
the dredging campaign scenarios. Operational measures during dredge material
placement have the potential to reduce loss of dredge material from a placement site,
and thus potential effects of material migration from the site. For example, placing
material from a given dredging campaign over a small part of a long-term placement
site to form a thick layer of material, as opposed to spreading a thin layer over an entire
disposal site, would be expected to reduce migration from the site. Placement of
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material in the up-current portion of a placement site as a function of current conditions,
so that the current does not carry material outside the placement site, might also
reduce sediment migration. Further modelling and/or direct studies of sediment
consolidation and resuspension in relation to placement methodology would provide
improved understanding of the potential effectiveness of such measures.

Navigational considerations, hydrodynamic and habitat effects of altered bathymetry,
and other factors also need to be considered in designing the placement methodology.
Port- and project-specific EISs would be required to identify and assess specific
operational mitigation measures.
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CONCLUSION

This study investigated the migration of dredged sediments during placement
operations (not dredging) and over 12 months when placed at existing and hypothetical
alternative placement sites (referred to as Model Cases) at six study locations. The
sediment plume modelling was based on relevant hypothetical placement scenarios
(i.e. dredged material volumes based on capital or maintenance material, sediment
characteristics, duration and dredging equipment) established in cooperation with port
operators but do not represent specific, past or proposed, dredging campaigns. This
research is not an EIA of a specific dredging project, nor does it replace ElAs that have
been conducted for previous and currently proposed projects.

The main results and recommendations that stem from this report are:

= The use of large-scale currents in modelling dredge plumes in the Reef is important
and their use is advocated in the ‘Guidelines to hydrodynamic modelling for
dredging projects’ produced by the GBRMPA (2012).

= The use of large-scale currents has highlighted that dredge material has the
potential to travel longer distances from the material placement site through
constant resuspension and transport, than previously appreciated.

= There is considerable inter-annual variability of large-scale currents in the Reef,
which could influence sediment migration patterns. The surface currents for the
neutral (2007) and La Nifia (2011) years were generally stronger and flowing
towards the west-north-west, while in 2004 (El Nifio conditions) the currents were
weaker and more variable. The strongest currents occurred during 2011, coinciding
with stronger wind events. Therefore, as a precautionary approach, data from 2011
was selected for use in this study, as it was the most energetic year and provided
an upper bound that dredge sediments would travel.

» Offshore sites may not necessarily be more retentive than inshore sites. The use of
alternative placement sites needs to be assessed on a case-by-case basis
depending on the sensitive receptors which may be affected.

= The production of guidelines for environmental impact predictions by regulators
would enhance clarity and confidence for industry and consultants.

It is acknowledged that the study had a number of limitations, and it is anticipated that
further research will continue to contribute to improved management of dredge material
in the Region.
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