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Preface
The issue of port development in the Great Barrier Reef Region has been a significant issue for
government, industry and the wider community over the past few years. This reviewas
commissioned by the Australian Institute of Marine Science and the Great Barrier Reef Marine
Park Authority to assess the available information relating to the effects of dredging activities
in the Region.

The work of the Expert Panel was largely compted in late 2014. Since those deliberations
there have been changes in the publicly available forecasts of dredge material volumes and
disposal locations.

In November 2014 the Federal Minister for the Environment committed to a ban on the
disposal of captal dredge material in the Great Barrier Reef Marine Park, which forms 99 per
cent of the Great Barrier Reef World Heritage Area. In February 2015, the new Queensland
Government committed to legislate to restrict capital dredging for the development of nevor
expansion of existing port facilities to within the regulated port limits of Gladstone, Hay
Point/Mackay, Abbot Point and Townsville, and to prohibit the seabased disposal of dredge
material from these sites in the Great Barrier Reef World Heritage A&a.

These changes have been incorporated into this report as clearly identifiable updates, as of
March 2015. All changes made to the Report due to this March 2015 update are indicated by
blue shading of the text.These changes also take into account updatkestimates of river loads
of sediments.

Notwithstanding these changes in development and management, dredging and the disposal
of dredge material continues to be an important pressure in the Great Barrier Reef.

The Australian Institute of Marine Science ad the Great Barrier Reef Marine Park Authority are
very grateful to the members of the Expert Panel for producing this synthesis of current
knowledge about the impacts of dredging. Our wish is that this synthesis report will spark
further inquiry that wil | increase understanding of our coastal systems and the way our
communities and industries are affecting the natural coastal systems of the Great Barrier Reef.
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Executive summary

This report provides an independent synthesis of the current knowledge of the effects of
dredging and sediment disposal on the physico-chemical environment and the biological
values of the Great Barrier Reef World Heritage Area\{Vorld Heritage Area), as asessed by
an Expert Panel

Dredging and sediment disposal can change the physical and chemical environment and

affect the biological values of the World Heritage Area. Many of these effects will be context

dependent and will differ between locations, types and extent of dredging and sediment

disposal activities. TheExpert Paneld s eval uati on i dentedandéd t he f ol
indirect effects:

1 Removal by excavation during dredging operationsMost current and proposed dredging
activities are carried out within soft -sediment seafloor habitats, sometimes supporting
seagrass and do not involve excavation of coral reefs. The area directly affected by
excavation is generally only a small proportion of relevant habitats. Although this effect is
severe within that footprint, and could be significant regionally, the overall ecological
significance of direct removal to the Great Barrier Reefwas considered to be small. There
is evidence of very low levels of mortality of marine turtles during dredging excavation s,
which is reduced by the use of turtle deflection devices.

9 Burial at marine dredge material disposaland reclamation sites Current and proposed
disposal of dredge material does not take place on coral reefs, but may affect a range of
soft-sediment seafloor habitats, sometimes including seagrass The area directly affected
by burial is generally a small proportion of relevant habitats, so although the effects are
severe within that limited footprint, and could be significant regionally, the overall
ecological significance to the Great Barrier Reefwas considered to be small.

1 Changes to bathymetry and hydrodynamics by excavationsThese changes were
considered to be localised in the Great Barrier Reefand sufficiently predictable by
modelling.

1 Increasedartificial lighting (at night) and underwater noisemay have significant impacts
on marine wildlife . It is difficult to distinguish to what extent, if any, effects are due to
dredging per se as distinct from the effects of other port, urban and industrial
infrastructure and activities.

1 Release of fine sedimentBoth dredging and marine disposal create significant plumes of
suspended sediment, causing increased turbidityand sedimentation and reducing light
available to marine organisms. Maintenance dredging and disposal creates plumes that
are shorter in duration, and more localised, than capital dredging. The extent and
duration of these plumes appear to have been underestimated in previous assessments,
although the panel held a range of views about this.
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9 Potential contributions to chronic suspended sedimentdmportantly, both disposed
sediments and dispersed sediments from dredge plumes have the potential to be
resuspended and transported by waves and ocean currents, and to contribute to the
long-term, chronic increase in fine suspended sediment concentrations in the inshore
Great Barrier Reef The extent to which this occurs and affects biodiversity was not
agreed by the Expert RPanel. In particular, panellists had differing views on whether any
additional contribution from dredging was significant compared to background levels of
resuspensionand inputs of fine sediments in run-off from catchments.

1 Itis difficult to compare sediment released from dredging with inputs from terrestrial
run-off, asthere are limited data and many differences in the physical and chemical
properties, the delivery to and the transport and fate in the waters of the G reat Barrier
Reefand the methods for measuring these processes.In particular, significant but
unknown proportions of fine sediments in dredged material will not be available for
resuspension.Acknowledging these difficulties, the Expert Panel compared overall
amounts, and the amounts of fine sediments, from recent and proposed dredging
activities in the Great BarrierReefwith the amounts estimated from rivers under natural
and current conditions. Although some members of the panel had differing views on the
validity and methods of these comparisons, the results showthat dredging is a
potentially significant source of sediments, and fine sediments in particular, being at least
similar in magnitude to estimated natural inputs from rivers and potentially similar to
anthropogenic inputs from catchment land uses
March 2015 update:The Panel re-analysed this comparison, based on updated
projections for future disposal of dredged sediments in the Great Barrier Reef, provided
by the Great Barrier Reef Marine Park Authority,along with updated estimates of average
river loads. The updated projections for dredge disposal reflect the recent policy
commitments to ban disposal of capital dredge material in marine environments (see
Preface). The Panel recognized that implementation of these policies will mean that
dredging will contribute much less fine sediment in the future (pote ntially about 5-10
percent of the estimated long -term average input from rivers in the comparison).

It must be emphasised thatthis comparisonis only intended to provide broad context for
dredging and that dredge amounts released to the ecosystem will oglbe a proportion of
these amounts; the comparisons should not be interpreted beyond that context.

1 Any contribution from dredging to large-scale,chronic increases in suspended sediments
could affect coral reefs, seagrass habitats, some other seafloor biodversity, pelagic (open
water) and estuarine habitats, fish populations and wildlife. As the magnitude of that
contribution is not clearly determined nor agreed, the extent to which dredging activities
have contributed to the known, sediment related declines in ecosystems is not clear.
Some panellists considered these effects likely to be minor, but some felt the effects may
be significant given the above conclusion that dredging related inputs are significant.

1 Although coral reef organisms are sensitve to dredging -related pressures, the exposure
of coral reefs on the Great Barrier Reefto dredging pressures is generally low to medium,
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as the majority of dredging and disposal in the Region takes place at some distancefrom
coral reefs. Available monitoring does not suggest that recent dredging project s in the
Great Barrier Reefhave directly resulted in significant, short-term coral mortality but
sublethal effects are uncertain, as are effects of long-term contributions to suspended
sediments. In particular, suspended sediments may have serious impacts on recovery of
reefs from other disturbances (reducing resilience); such impacts would not be detected
in most environmental impact assessments and are potentially important given the
degraded condition o f many inshore reefs in the regions where dredging takes place.

1 Seagrass meadowsnear dredging activities in the Great Barrier Reefhave a high
exposure and sensitivity to dredging pressures, although some also have high capacity
for recovery. Monitoring p rovides no evidence for long-term impacts of maintenance
dredging on seagrass, although it cannot preclude short -term impacts. Direct and
indirect impacts on seagrassesof past capital dredging have been documented, albeit
generally inside predicted areas.Losses were a relatively small proportion of local
seagrass populations,but even small losses are more critical in the context of the overall
degraded condition of Great Barrier Reefseagrass populations.

Disposal of dredge material on land or in reclamdion. The Expert Panel identified a number
of potential impacts and challenges involved in disposing of dredge material on land or in
reclamation. These include:

9 Loss of coastal habitats, many already under considerable pressure, due to the large
areasrequired to process dredged sediments.

1 Run-off of seawater from the dredge material, which may contain large amounts of fine
sediments, into freshwater or coastal ecosystems.

9 Potential acid sulphate soils, with associated risks ofproduction of sulphuric a cid and the
release of quantities of potentially toxic metals such as iron and aluminium.

Although the Expert Panel prioritised synthesis of existing knowledge, its evaluation
identified significant areas of insufficient knowledge. Of particular importance is the need for
improved understanding of long -term sediment dynamics in the World Heritage Area. There
is also a need for more extensive, longterm and better integrated monitoring and
assessment of dredging and disposal effects in theWorld Heritage Area, and a need for that
information to be more readily accessibleto the public and the research community . Further,
there is a need to quantify the sensitivity of a wider range of marine species, including but
not limited to a wider range of coral and seag rass speciesto the effects of increased
turbidity, suspended sediments and sedimentation. Other information needs are outlined in
the body of this report.

Most panel members agreed this statement is just one step toward better management of
dredging and sediment disposal in the World Heritage Area. Other key stepswould include:
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9 similar syntheses of available knowledge on the social, economic, cultural and heritage
aspects of dredging and sediment disposal, including Indigenous culture and heritage

1 ongoing review and enhancement of policies, governance, planning and assessment
procedures for dredging activities in the World Heritage Area, to ensure better outcomes
for both the environment and users, including ports

better acquisition, integration and accessibility of knowledge and information

targeted research to address the key knowledge gaps identified in this statement, to
allow ongoing improvement of the sciencebase for management.
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Introduction

The Great Barrier Reefs a national treasure,and World Heritage Area, but the recently
released Great Barrier Reef Region strategic assessment repdrand Outlook Report 2014
show that the Great Barrier Reefis in decline, especially in the inshore areas of the southern
two-thirds of the region. In this context, it is critical that we understand and reduce the
cumulative impacts of all pressures on this iconic ecosystem.

This report has been prepared by anExpert Panel of independent scientists to synthesise
information and knowledge of the actual and potential pressures posed by dredging and
dredge material disposal on the physical, chemical and biological environment of the World
Heritage Area (detail below and in Appendix A).

Dredging is the excavation or removal of sediment and/or rock from the seabed and is a
routine part of port operations and of coastal and marine infrastructure developments (for
detailed technical information se€®). The recent resources boom in Australia has led to
demand for more and larger ports, especially along the subtropical and tropical coast, with
many current and planned port developments involving the dredging of millions of cubic
metres of sediment, especially in Western Australid. In the Great Barrier Reef major
dredging operations are currently under way or planned for the expansion of existing ports
(Figure 1). While some of these expansions may not occur, the proposed wlumes are
significant by global standards*.

There are two major types of dredging operations: capital dredging is carried out to open up
new shipping channels, marina or port basins or berth pockets, or to deepen or widen
existing areas.Maintenance dredgingkeeps previously dredged areas at the required depth.
Large capital dredging campaigns (volumes of 500,000 m* and larger) occur infrequently, are
generally of longer duration ( weeks to months or years), and generally remove seabed
material with a wide range of particle sizes (gravel, sands, silts and clays)Maintenance
dredging campaigns are undertaken at regular intervals (years) or as required, are typically of
short duration (days to weeks),and generally remove sediments with a higher proportion of
finer particles.

The sediment removed by dredging can be disposed in the marine environment, used for
reclamation, or disposed on land. Figure 1 gives a summary of actual volumes of dredged
sediment disposed in the World Heritage Area marine environment to date and a forecast of
future volumes (see also Appendix B fa detailed data).
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Figure 1: Actual historical and projected future volumes of dredge material disposed in marine

environments of the Great Barrier Reef World Heritage Area.

Source:Great Barrier Reef Marine Park Authority GBRMPA and Department of the Environment (see Appendix B,
Table B-6).

Future projections assumeall referred projects being approved and proceeding as proposed (August 2014).
Update March 2015: Advice from GBRMPA indicates that volumes projected for future disposal (202020) of
capital dredging will be zero (see explanation below).

Disclaimer: Actual disposal volumes(2000-2013, capital and maintenance) were collated based on annual

reporting requirements to the Great Barrier Reef Marine Park Authority and the Department ahe Environment (as
part of annual reporting requirements to the International Maritime Organisation under the Sea Dumping Ac} and

on historical disposal information provided by port operators Maintenance dredge disposal volumes forecasted for
future years were based on historical averages of actual disposal volumes supplied to the Great Barrier Reef Marine
Park Authority and the Department of the Environment.Where increase in future maintenance dredging is
anticipated as a result of capital expansionforecasts are based on publicly available information contained in
proposals referred under the EPBC Act as of 25 August 201€apital dredge volumes forecasted for future years
were based on publicly available information contained in proposals referredinder the EPBC Act as of 25 August
2014. They reflect the proposed volume to be disposed.

Update March 2015: Sincethe original analyses in August2014, there have been a number of significant changes
in the policy context around projected volumes otapital dredged material. These changes include:

withdrawal of proposed capital dredging at Hay Point
anticipated delay in proposed capital dredging at Gladstone
commitment to disposal of capital dredged material from Abbot Point on land

= =4 =4 =4

Commitment by the Australian Governmentf' to a permanent ban on disposal of capital dredged material
in the Great Barrier Reef Marine Parkr{ote that many existing spoil disposal grounds are outside the

¥ p.2, Australian Government 2015, State PartyReport on the State Of Conservation of the Great Barrier Reef
World Heritage Area (Australia) Property Id N154 in response to the World Heritage Committee Decision WHC 38
Com 7b.63 www.environment.gov.au/heritage/publications/state -party-report-gbr-2015 (viewed 12 March 2015).
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Marine Park boundary- see Appendix C)

1 Commitment by newly elected Queenkand State Government to restrict major capital dredging to the
ports of Townsvile, Abbot Point, Hay Point / Maclay and Gladstone and to prohibit the disposal of dredge
material from these sites in the Great Barrier Reef World Heritage Area. This would ggest that there will
be no marine disposal of capital dredge materialin the forecast period to 2020(the World Heritage Area
does include existing spoil grounds)

On this basis,and to ensure the ongoing relevance of the entire Reporthe Expert Panelagreed to update relevant
sections of this ReportFig. 1, Executive Summary and Sections 1.4 and 1,%n the basis of updated projections for
disposal of dredge material in the marine environment, provided by GBRMPA on 6 March 201Bor transparency, all
such updates are indicated by blue shading behind new text; no material or content has been removed for this
update. The Expert Panel also notes that i. the benefits of these new policy commitments will depend on their
effective implementation; and ii. the disposal of capital dredged material on land instead of in the marine
environment brings an attendant set of environmental and other challenges (Section 3).

Dredging has occurred in the Great Barrier Reefsince ports were established. For example,
dredging began off Townsvillein 1883 and off Cairnsin 1888. Historical data for Port of
Townsville dredging operations report regular (monthly to annual) maintenance dredging
and occasional capital dredging operations in Cleveland Bay from 1889 to 1988.

Dredging and the disposal of dredge material within and adjacent to the Great Barrier Reef
Marine Park and the World Heritage Area have recently become contentious issues for the
government, stakeholder groups and the general public. It is widely recognised that
dredging activities need to be carefully managed as they may impact areas of conservation
value through degradation of water quality, changes to the hydrodynamic regime,
smothering of benthic biota, translocation of species and removal of habitat. Management
measuresto reduce these impacts include planning, environmental impact assessment,
avoidance, minimisation and compensation measures.

The recently released Queensland Ports Strategyprescribes four ports in the World Heritage

Area (Abbot Point, Gladstone, Hay Point and Mackay, andTownsville) asPriority Port

Development Areas (PPDAshnd statesthatdt he Queensl and Government
dredging for the development of new, or the expansion of existing port facilities outside

PPDAs, f or t h eFigoreXshows tierurrgnenaain gortsin the World Heritage

Area and detailed maps of each port area are provided in Appendix C.

In the World Heritage Area dredging and the disposal of dredge material in the marine
environment is only permitted after comprehensive environmental assessment andapproval
under Queensland and Commonwealth legislation (which, as of March 2015, are undergoing
significant changes, as noted above).Under the Commonwealth, this includes the
Environment Protection and Biodivergy Conservation Act 1999and the Environment
Protection (Sea Dumping) Act 1981and, within the Great Barrier Reef Marine Park, theGreat
Barrier Reef Marine Park Act 1975Dredging and disposal are also subject to a number of
policies and guidelines to prevent or minimise environmental harm that may be caused by
these activities (for more details se€®). In particular, dredging proposals require application
of the int ernationally recognised National Assessment Guidelines for Dredging (NADG].

Synthesis Report on Effects of Dredging on the Great Barrier Reef by Independent Expert Panel p.7

W



There are also engineering approaches that can be used to reduce release of fine sediments

during dredging and disposal and to reduce the need for or provide alternatives to
dredging *°

Great Barrier Reef Region and
World Heritage Area boundary

Indicative reef

I:I Designated shipping area

Great Barrier Reef
'\~ catchment boundary

River

Total throughput of ports 2011-12

‘5 Sy e (million tonnes)
7 S? Cape Flattery
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No throughput
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“? o
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SDC140510m N Y
February 2015

Figure 2: Existing ports in and adjacent to the Great Barrier Reef World Heritage Area
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Expert Panel process and report

The dredge synthesis project is a joint initiative between the Great Barrier Reef Marine Park
Authority (GBRMPA)nNd the Australian Institute of Marine Science (AIMS).The process
involved convening an Expert Panel to develop and publish th is synthesis statement. Key
experts were invited to participate, with the aim of bringing together a broad range and
diversity of skills, experience and perspectives (further detail on the processis provided in
Appendix A; see Acknowledgements for contributing organisations).

This report synthesises information and knowledge of the actual and potential pressures
posed by dredging and sediment disposal on the physical, chemical and biological
environment of the Great Barrier Reeflt focuses on coral reefs, seagrass meadowsinter-
reefal, soft-bottom and pelagic habitats, fish, marine megafauna and other threatened
species Where the information was sparse, the report also draws on information from
outside the Great Barrier Reefs

The purpose of this project and report is to provide an independent, objective and evidence-
based overview of the biophysical effects of dredging pressures, thereby providing a
stronger foundation for further development of policy, guidelines and assessment
procedures for development proposals that involve dredging . The report seeks to provide
improved understanding of the risks associated with dredging ; that is, what is known and not
known about past and potential future biophysical impacts of dredging in the marine
environment of the Great Barrier Reef Region. This understanding includes identification of
points of agreement and disagreement among technical experts.

The scope of this synthesis is limited to biophysical effects, and does not address social,
economic, cultural or heritage aspects a this stage (but see final Next Steps section) Aside
from the (March 2015) updated analyses of projected dredge amounts noted above (Fig. 1),
the Report reflects available information as of August 2014.

The approach and terminology® used in this synthesis report are consistent with those of the
Great Barrier Reef Outlook Report2014? and the Great Barrier ReefRegion Strategic
Assessment'!, drawing on the frameworks of the Vulnerability Assessment approach (Figure
3) and the DPSIRframework™® of Drivers (dredging and disposal activities), PressuregSection
1 of this report ), State and Impact (Section 2 of this report) and management Responsgout
of scope for this project). Although a comprehensive vulnerability assessment is beyond the
scope of this report, it does aim to provide the foundations for such assessment. Specifically,

°A range of different terms are used to refer to disposal (e.g. dumping, disposal, placement) of dredged material

(sometimes referred to as spoil) in scientific, legislative and public domains. For this report, Panel members had a

range of views, but overall felt thatdisgotab &apndtdmegdggepriate
amaterial6 .
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Section 1 of the report outlines general aspects of exposureto dredging related pressures,
and Section 2 considers the exposure for specific habitats and biodiversity valies, along with
their sensitivity and adaptive capacity.

|
Potential Adaptive
impact capacity

|
'

Vulnerability

12

Figure 3: Components of vulnerability assessments
The exposureto a pressure (or cumulative pressures), combined with the sensitivity of a species ol
habitat to that pressure, indicates the potential impact, which may be modified by adaptive
capacity to give the vulnerability of the species or habitat to the pressure/s.

Handling uncertainty and incomplete information

The workshop and resulting report aimed to synthesise the state of knowledge, but not
necessarily to achievecomplete consensusamongst panellists across all topics. Rather, the
intent was to explicitly identify areas of:

1. Broad, scientific agreement (and the evidence base for this);

2. Scientific uncertainty, debate or disagreement (and related evidence, and the nature
of further evidence required to resolve the issue);

3. Knowledge gaps (and the researchthat would adequately address those gaps)

Known . .
B - This approach (Figure 4) allowed the Expert Panel to focus
y on identifying what is known and agreed, and provide focus
Uncertaly ‘ for resolving or progressing areas of disagreement or
« Not Known Unknown debate, rather than stalling on those areas.
or Unknown ~eand Agreed
* Not Agreed

Figure 4: Handling uncertainty
within the Expert Panel process

It is significant that, although the panel worked hard to focus on identifying useful , current

knowledgeand resi st the scientistods mestmegmbersy t o dwel
could not avoid recognising the very considerable extent of information gaps.
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1. Changes to the physical and chemical environment from dredging and
dredge material disposal : Pressures

Overview

Dredging can directly affect the marine environment, within the physical footprint of the
excavation work, by removing sediment, hard substratum and associated plants and animals
(Table 1, conceptual model in Figure 5). In addition, there are multiple indirect effects,
especially effectsassociated with the release offine sediments into the water column during
the excavation. This generally increases water turbidity (reducing availability of light
underwater) and sediment deposition, and potentially releases nutrients, carbon and
contaminants (if present), over areas larger than the direct excavation footprint. Finer
sediments are of particular concern becausethey are most readily resuspended and
transported and may carry more chemicals, due to their high surface area to volume ratio.

Table 1: Dredging activities and related pressures

Phase Activity/process Pressures

Dredging 9 Excavation of 9 Removal of benthos and substrate (direct)
channels, berth 9 Suspended sediments:
pockets, etc. o Turbidity and reduced light

0 Sediment deposition
9 Bathymetric and consequent hydrodynamic
changes
9 Underwater noise
9 Chemical effects:
0 Nutrients, organic matter
o Contaminants, if present

Disposal 1 Disposal of sediment | 9§ Burial of habitats (direct)
(immediate in designated area 9 Suspended sediments:
effects) 0 Turbidity and reduced light

0 Sediment deposition
9 Bathymetric and consequent hydrodynamic
changes
9 Underwater noise
9 Chemical effects:
0 Nutrients, organic matter
o Contaminants, if present

Sediment 9 Resuspension 1 Suspended sediments:

dynamics 9 Transport 0 Turbidity and reduced light
(intermediate 9 Consolidation, 0 Sediment deposition

and long- armouring 9 Chemical effects:

term) 0 Nutrients, organic matter

o Contaminants, if present
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The disposal of dredged sediment hasthe direct effect of burial (covering) of habitats and
organisms at permitted dredge material disposal areas, and indirect effects including
immediate release of fine sediments, and over longer time frames the potential dispersion of
deposited fine sediment. Release and dispersion of fine sediments may involve release of
nutrients, carbon and contaminants (if present). In this report, we distinguish between
complete burial (by very large amounts of sediment during dredge disposal), and
sedimentation and smothering effects (due to general deposition and settlement of
suspended sediments).

Dredging

Ongoing sediment
dynamics:
*Resuspension

*Transport
*Consolidation

contaminants

Chemical:
Sedimentation Turbidity nutrients and

Y

All of these pressures may have effects on:

Corals and reefs
Seagrass beds

Other habitats
Fish
Species of conservation concern

Figure 5: Relationships between the activities of dredg ing and dredge material disposal, the major
(potential) pressures and their effects on key habitats and other biodiversity values of the Great Barrier
Reef World Heritage Area.

The immediate and ongoing contributions to sediment dynamics are issues of fundamental importance and
significant uncertainty.

Other dredging related pressures may include changes to bathymetry and hydrodynamics,
and effects on the underwater noise and above-water light environments during dredging
operations.

Dredging activities have the potential to affect the marine environment at spatial and time
scales well beyond those of the activities of dredging and disposal. The actual effects of
dredging and sediment disposal and their temporal and spatial extent depend on many
factors, including: the scale of the dredging operation; the characteristics of the dredged
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sediment, such as particle size, nutrient and contaminant content; the type of dredging
equipment used; the prevailing physical (e.g. currents, tides, waves) and water quality
conditions in the area and the proximity and type of biological communities.

Many of these pressures are addressed by existing management procedure$®°°
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Table 2: Qualitative risk assessment of the exposure of

Great Barrier Reef ecosystems and values to major pressures from dredging

Explanation of approach and terms below tables; explanation of assessmens in following subsections. Assessments refer to dredging in the Great Barrier Reefoverall, but

would depend greatly on the size of the dredging operation, and would vary amongst locations a n d

degree of uncertainty in score.

wi t h

ot her

conditions

such as

Capital dredging and disposal

Pressures

Likelihood

Consequence

Spatial Scale

Temporal Scale

Predictability

Immediate: during dredging and disposal activities

Removal Certain Severe Small (mmediate area) | Permanent High

Burial Certain Severe Small (mmediate area) | Permanent High

Sedimentation Certain Moderate Local Days-Months Moderate

Turbidity Certain Moderate Local Days-Months Moderate

Nutrients Certain- (Likely #) | Moderate (-Minor #) Local Days-Months Moderate

Contaminants Rare* Major (variable) Local Days-Months High

Hydrodynamics | Certain Minor d Moderate # Local Permanent ? Moderate
(variable)

Noise Likely ? Minor - Moderate ? Small- Local Days-weeks High-moderate **

Medium -long-term: due to resuspension and transport

Sedimentation ? Likely ? Minor - Moderate ? Large YearsDecades Limited
(variable)

Turbidity ? Likely ? Minor - Moderate ? Large YearsDecades Limited
(variable)

Nutrients Possible ? Minor ? Large YearsDecades Limited

Contaminants Rare Major (variable) ? Large YearsDecades Moderate #

weat her
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Maintenance dredging and disposal

Pressures

Likelihood

Consequence

Spatial Scale

Temporal Scale

Predictability

Immediate: during dredging and disposal activities

Removal Certain Minor Small (Immediate area) ? Months-Years High
Burial Certain Moderate # Small (Immediate area) ? Months-Decades | High - moderate
Sedimentation Certain Moderate- Minor # Local Days-Months Moderate
Turbidity Certain Moderate- Minor # Local Days-Months Moderate
Nutrients Certain Moderate- Minor # Local Days-Months Moderate
Contaminants Rare* Major (variable) Local Days-Months High
Hydrodynamics | Certain Minor - Insignificant Local Permanent High
Noise Likely ? Minor ? Small Days-weeks High - moderate**
Medium -long-term: due to resuspension and transport
Sedimentation ? Likely ? Minor - Moderate ? Large YearsDecades Limited

(variable)
Turbidity ? Likely ?Minor - Moderate ? Large YearsDecades Limited

(variable)
Nutrients Possible ? Minor ? Large YearsDecades Limited 8 moderate

#

Contaminants Rare Major (variable) ? Large YearsDecades High
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Explanation for Table 2: In order to manage pressures on the values of the Great Barrier Reef, management
agencies need to understand key attributes of those pressuresi the what, where, when and how much. These
attributes include the elements of risk assessnents (likelihood and consequences), which in turn require explicit
consideration of the spatial and temporal scales of the pressures: a small but long-term risk requires a different
response to a large but short-term risk. Also important for management is our ability to predict those properties;
that is, how accurately we can predict the what, where, when and how much, and hence implement management
that matches the risks. Likelihood and Consequences categories are adapted from the Great Barrier Reef Outlok
Reportz, except that in Table 2 assessments refer to impacts within affected areas, with temporal and spatial
scales identified separately:

Likelihood: Refers to how probable a pressureis to occur: Certain; Likely; Possible; Unlikely; Rare.

Consequences: Refers to the impact of the pressure, where and when it does occur: Severe; Major;
Moderate; Minor; Insignificant.

Spatial Scale: Refers to the approximate spatial extent over which a pressure occurs: Small: Immediate,
defined area of activity (e.g. dredging excavation or disposal ground) < ~20 km % Local: Bay
wide: ~208200 km?; Large: 202000 km?; Regional: >2000 k.

Temporal Scale: Refers to the approximate duration in time over which a pressure occurs: Hours to days;
days to weeks; weeks to months; months to years; years to decades; permanent.

Predictibility: Refers to the precision and accuracy with which managers can predict the likelihood,
consequences and scale of each pressure, wether using computer models or other
techniques; assumes availability of relevant sampling and data: High; Moderate; Limited.

Assuming effective implementation of current management guidelines °,

** Adequate data not currently available, but should be readily acquired using available technology and methods.

# Assessments differed among the Expert Panel.

1.1 Physical and chemical ¢ hanges to the environment due to dredging operatio ns

The process of excavating the seabed during dredging operations can lead to direct and
indirect, immediate and long -term changes to the physico-chemical environment.

The most immediate, direct effect is that of removal of habitat through the excavation: within
the limited footprint of the area dredged, there will be complete and effectively permanent
removal of the substratum, including any benthic biota living there. The extent of this effect
can be predicted with considerable precision and as early as the design phase of any
dredging project.

Changes in the bathymetry, and hence hydrodynamics, due to the dredging of a new or
expanded channel can affect local flows, tidal currents, hydrology and sediment transport
patterns, especidly in shallow coastal and estuarine locations. The nature and importance of
these changes will be specific to the location and depend on depth, length and other aspects
of the excavated areaor channel. These changes will be certain and permanent, potentally
significant at a local scale, and are predictable with appropriate hydrodynamic modelling **.
Unacceptable impacts could be managed through the approval process, with appropriate
arrangements. Changes to the coastal hydrodynamics due to coastal infrastructure are not
considered in this synthesis.

One of the main immediate, and difficult to manage, effects of dredging is the creation of
high concentrations of suspended sediments, due to the partial loss of (mostly fine)
sediments into the water column at the dredge site. This suspended sediment changes light
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quality and quantity causing turbidity, increases sedimentation, and potentially releases
contaminants and nutrients occurring from na tural or anthropogenic sources at the site. The
severity, spatial extent and duration will be highly dependent on the characteristics of the
dredged sediment, the site and time-specific physical conditions such as winds, waves,
currents and tides (hereafter referred to as dnetocean conditions &) and the type, scaleand
duration of dredging operation. The fine sediments transported away from the dredging site
eventually settle and are potentially available for secondary resuspension by wind, currents
and tides. Sedimentation and turbidity increases can be predicted using modelling (but see
discussion of limitations below, Section 1.3), given sufficient calibration and validation
sampling before the dredging. The extent and significance of sediment dynamics are
discussedin detail in Section 1.3

Sediment disturbance through dredging will release particulate and dissolved nutrients from
sediment pore waters, and readily soluble nutrients desorbing from suspended sediment.
While these nutrients are already present in the system, they are mobilised by the sediment
disturbance which can potentially increase the nutrient availability at a local scale.Although
the National Assessment Guidelines for Dredging (NAGDj do not require analysis of
nutrients in sediments before dredging, analysesare frequently undertaken®. Available
information on nutrient release is assessedin detail in Section 1.5.

Chemical contaminants are sometimes present in dredged sediments as a result of existing
port, industrial, urban and agricultural activities, but are generally considered a relatively low
risk in the Great Barrier Reet®. Any such contamination is generaly confined to inner
harbour areas and berthing pockets, and in most areas of the World Heritage Area, including
shipping channels outside the ports, chemical contamination is considered relatively low™.
The NAGD prescribe a stringent process of testing and management of chemical
contaminants in sediments as part of assessments for the marine disposal of dredge
material. Further discussion of chemical contaminants in dredged or disposed sediment is
below in Section 15.

Increased underwater noiseduring dredging operation s, due to the machinery involved, is
certain and predictable in severity and duration, and generally comparable with noise from
other shipping activities (see e.g'’). How underwater noise affects marine animals, especialf
marine megafauna, is discussed below inSection 2.7. Dredging activity at night will
contribute to the overall increased (above-water) light levels, with potential consequences
for marine wildlife (Section 2.7).

‘6metocean condi ti o fteedernssneteorologicahdnd oceahographic, osed to describe the
physical conditions at a marine location, especially the wind, wave current and tidal conditions.
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1.2 Physical and chemical changes to the environment due to disposal of dredge
material in the marine environment

Depositing dredge material in the coastal or marine environment will lead to direct, indirect,
immediate and long-term physical and chemicalchanges to the environment.

The burial and smothering of habitats and sessile organisms at the disposal site is certain,
effectively permanent and will be complete, as most organisms will be buried too deep to
survive. Recolonisation and recovery of habitats and organisms may occur over time
following cessation of disposal activities although the recolonised assemblage may differ
from the natural assemblage due to differences such as depth or sediment composition.
These localised impacts are an unavoidable consequence of dredge material disposal but ag
typically limited to the actual , designated disposal site. As at January 2012, the combined
area of dredge spoil disposal grounds in the Great Barrier Reef World Heritage Areawhere
localised effects are concentrated was 66 square kilometres (which amounts to less than
0.02 per cent of the World Heritage Area).

Planning and site selection (see Appendix C for detailed maps of currently used dredge
material disposal sites) allows for minimisation of the direct impacts, such asby avoiding
high-value habitats. The extent to which burial results in environmental impacts is generally
site-specific and depends on the characteristics and volume of the dredged sediment, the
frequency of disposal, the water depth and hydrodynamic conditions, and the type of
benthic community present. Available literature indicates that impacts vary from few or no
detectable effects to large, long-term impacts*®'*?°?! Given suitable planning, appropriate
characterisation of the material to be dredged and appropriate hydrodynamic modelling and
measurements, the spatial extent of burial should be highly predictable.

The immediate release of fine sediment during placement of dredged material at the
disposal site will have broadly similar, short-term effects to the re-mobilisation of sediment
during the dredging process, depending on the depth and size of the disposal area and
metocean conditions. These effects will include sedimentation and turbidity (Section 1.3)and
potential increases in concentrations of nutrients and contaminants at and often beyond the
disposal site (Section 1.5;release of contaminants during sediment disposal should be minor,
as highly contaminated sediments are not permitted for marine disposal under the National
Assessment Guidelines for Dredging (NAGDJ).

However, the disposed sedimentalso has the potential for ongoing, long -term resuspension,
contributing to suspended sediments and turbidity over many years (Section 1.3). Some
Great Barrier Reefdisposal areas are generally retentive of sedimentswhile others are
dispersive™, depending on the extent of resuspension and transport from the site. Released
fine sediments are transported away from the disposal site, eventually settle and are
available for repeated resuspension by currents and wavegdetailed explanation in Section
1.3).
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The placement of dredged material at a disposal site will cause changes in hydrodynamics by
locally raising the seabed,although this is likely to be minor at the depths (10620 m) of
existing marine disposal areas in theWorld Heritage Area. The effect of disposal of large
volumes in a small area would be predictable with appropriate hydrodynamic and sediment
transport modelling and unacceptable impacts could be managed through the approval
process.Disposal of dredged sediment into coastal bunded areas for reclamation will alter
hydrodynamics by altering the coastline; although again this should be readily predictable
(see also Sedbn 3).

Increased underwater noisefrom shipping movement during disposal of dredged sediment
is considered to be minor (see e.g'"%).

1.3 Effects of dredging and dredge material disposal on immediate and long -term
sediment dynamics , including transport and  resuspension

Background

Theimmediate and longer term fate of sediments, especially fine sediments, mobilised
during dredging and disposal is a critical issue that must be evaluated in the context of local
and Great Barrier Reefscale knowledge of hydrodynamics and sediment dynamics.Fine
sediments can seriously affect keyWorld Heritage Area ecosystems such as coral reefs and
seagrass beds(Section 2; recent review$®#?>2§,

Sediment dynamics in the inshore Great Barrier Reef are largely dominated by the waveand
current-driven resuspensionand transport of accumulated seabed sediment deposits™”222%%
Important additional inputs of fine suspended sediments are delivered in catchment run-off,
especially during flood events?3132333435 The delivery of fine sediments from the catchment
to the Great Barrier Reefhas increased manyfold, correlated with agricultural development
after European settlement around 1850%, as indicated by analyses of coral core recads of
suspended sediment delivery ##3%373839 | the short-term, most of the suspended sediment
transported in flood p lumes is deposited on the seabed within 10 km of the coast*.
However, a portion of the fine sediment fraction can form organic flocs and be transported
far from its source (up to 100 km*"). Most of these remain in the Great Barrier Reeflagoon
for several months after a flood event, and sustain elevated turbidity through repeated
resuspensior{?43444°

In the long term, it is not clear what proportion of t he ambient fine sediments resuspended
by waves and currentsis derived from recent, anthropogenic inputs such as increased
catchment run-off (or dredgingfi see below) and how much is naturally a part of the system.
Although resuspension of ambient seafloor sediments dominates suspended sediment

regimes®’*°

, in the very long term, without resupply, fine sediments would be transported
and flushed from the system (through multiple cycles of resuspension, transport and settling;

G. Brunskill, pers. comm), reducing ambient fine sediments available for resuspension
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However, the many-fold increases in inputs of fine sediments over the last century or more
would counter that flushing, and may have contributed significant proportions of the current
ambient fine sediments available for resuspension.The demonstration that riverine inputs

can have persistent effects on turbidity over months to years*** supports this interpretation,
suggesting resupply of fine sediments does contribute to overall turbidity. Not all members
of the Expert Panel supported this interpretation . The following sections summarise current

understanding of these processesand the significant knowledge gaps therein.

The effects of increased inputs of fine sediment on marine ecosystems depend m the
balance between, orrelative rates of, sediment settlement/ deposition, and resuspension,
transport and flushing® (seeFigure 6).

Figure 6: Conceptual illustration of important sediment dynamics processes i n the Great Barrier Reef .

Sedi ment column (a) shows fine O0cohesived sedi ment-

cohesi veod geedalllyraegaripartiold size.

Rates of sediment deposition and transport depend on numerous factors, including the
supply of suspended sediments, their particle sizes, particle-to-particle interactions, the
properties of the ambient seabed, and the local metocean conditions. Biological processes,
such as bioturbation by burrowing animals, vertically mix sediment layers and may increase
resuspension if fine sediments are brought to the seafloor surface. The significance of
bioturbation to sediment mixing in the Great Barrier Reefis poorly documented*, but may
be important in some circumstances.

(particl
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