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IMPACTS OF SWING BASIN AND CHANNEL CONSTRUCTION

This volume of the Queensland Curtis LNG Project EIS addresses the Terms
of Reference requirements for impact assessment of project-related channel
and swing basin construction. QGC’s assessment relates specifically to its
project, but occurs in an embayment and at a time when Gladstone Ports
Corporation (GPC) and other project proponents are also conducting
assessments of dredging-related impacts. The nature of QCLNG Project-
related swing basin and channel construction and other dredging projects is
described more completely in Volume 2, Chapter 14.

A broad overview of environmental values for the Port of Gladstone region is
provided in Volume 5. Discussion of marine environmental values in this
Volume is restricted to aspects considered specifically relevant to the
proposed dredging and land reclamation activities.

This volume contains several references to studies that are currently
incomplete, or not yet undertaken. Where these additional works are
indicated, they include:

e Studies of a broader, cumulative impact nature, which may be reported in
the GPC FL153 or WBSDD Project EISs, and which may be performed by
GPC alone or in collaboration with QGC or other project proponents, and

e Studies specific to QCLNG Project dredging, which will be reported in the
QGC Supplementary EIS, and will be complementary to those being
undertaken by GPC.

PROJECT ENVIRONMENTAL OBJECTIVE

The project environmental objective for construction of swing basin and
channel construction is: to undertake project-related dredging such that
adverse impacts to people and the natural environment are minimized.

METHODOLOGY

The following key activities were undertaken to complete environmental
impact assessment for swing basin and channel construction for the Project.

Existing Environmental Values

This section addresses the broader environment within which Project-related
dredging may occur. Descriptions are based upon relevant information from
existing studies, to a large extent described elsewhere in this EIS, as well as
additional studies undertaken specifically by QGC to support this assessment.
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Impact Assessment, Mitigation and Management Measures
Impact assessment methodology involved the following phases:

e Phase 1: Scoping
o Compilation of existing data
o New studies where appropriate (note: some of the studies are ongoing)
e Hazard Identification

e Phase 2: Risk Assessment

¢ Phase 3: Risk Management and Feedback.

In a more general sense, impact analysis followed the process identified for
Marine Ecology as described in Volume 5, Chapter 8.

EXISTING ENVIRONMENTAL VALUES

Physical Environmental Values

Summary descriptions of baseline physical environmental conditions are
provided in the following sections. For more detail regarding the physical
environment of the Port of Gladstone refer to Volume 5, Chapters 8 and 11.

Coastal Geomorphology

There is a considerable body of work building on the coastal geomorphology
of Port Curtis. Data sources detailed below have been listed due to their
specific relevance to dredging operations. Additional data sources used in the
description of baseline environmental values and predictive tools, such as
hydrodynamic modelling, are listed in Volume 5, Chapter 8.

¢ Contaminants in Port Curtis: screening level risk assessment. Technical
Report No. 25: Co-operative Research Centre for Coastal Zone, Estuary &
Waterway Management. May 2005

e Contaminant pathways in Port Curtis: Final report. Technical Report
No.73: Co-operative Research Centre for Coastal Zone, Estuary &
Waterway Management. May 2006

e Report on Soils Investigation, Proposed Dredging Works, Existing
Shipping Channels, Gladstone. September 2005, Douglas Partners for
Central Queensland Ports Authority

e Report on Geotechnical, Environmental and Acid Sulfate Soils
Investigation, Proposed Berth 4 Outloading Conveyor and Dredging
Clinton Coal Wharf, RG Tanna Coal Terminal, Gladstone. Q8 May 2005,
Douglas Partners for Central Queensland Ports Authority

e Offshore Geotechnical Sampling Program Wiggins Island Coal Terminal.
10th June 2006, Revision 3: Connell Hatch for Central Queensland Ports
Authority
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The dominant underlying geology for the Curtis Island area is the Wandilla
Formation of the Curtis Island Group consisting of mudstone, quartz
greywacke and pale grey chert. Three distinct geological units are identifiable
from the Port of Gladstone area outlined in the Gladstone Special 1:100,000
Geological Map, 2006. These are:

e Quaternary alluvial sediments deposited by the Calliope River,

e Quaternary coastal sediments associated with estuarine channels and
banks, supratidal flats, mangroves and coastal grasslands, and

e Late Devonian/Early Carboniferous Curtis Island Group meta sediments
forming the basement or bedrock.

Bathymetry

Port Curtis is a generally shallow coastal embayment but exhibits marked
variation in seabed topography. Scouring in areas of highest tidal flows has
created channels that are relatively deep — in many areas not requiring
dredging. On the other hand, large areas of the bay dry at low tide, the result
of long periods of deposition of sediments because of low currents.

The bathymetry in Port Curtis has been modified over the life of Gladstone
through the development of shipping channels, land reclamation and coastline
armouring. Maintenance dredging of the shipping channels occurs once every
few years, with dredged material disposed onshore or deposited at an
approved spoil ground located approximately 9 km south-east of Facing
Island.

The water depth in the port at low tide ranges from -0 to -12.5 m LAT and from
-15 to -18 m LAT at Hamilton Point (see Volume 5, Chapter 8) for more detail).

Tides and Currents

The Port of Gladstone is a macrotidal estuary which experiences large
barotropic tides (up to 4 m in range), strong tidal currents and complex tidal
interactions. Many of the estuaries have multiple entrances, so tidal circulation
patterns are complex. Large tidal banks, mangrove stands and interlaying
islands further confuse tidal flows depending on tidal elevations since these
components act to store, release and divert tidal waters at different rates and
times during the tidal cycle. The overall affect is to create a non-linear tidal
behaviour for the broader estuary during large-range tides.

Results from hydrodynamic modelling of the Port of Gladstone region
demonstrate that the currents in the estuary are predominantly driven by the
effects of the tide'. These large tides can generate very strong currents, with
velocities reaching up to 2 metres per second in the vicinity of North Channel,

1 Herzfeld M, Parslow J, Andrewartha J, Sakov P and Webster IT (2004) Hydrodynamic Modelling of the Port Curtis
Region — Project CM2.11 Co-operative Research Centre for Coastal Zone, Estuary and Waterway Management
Technical Report 7, CSIRO Indooroopilly, Queensland (47pp).
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resulting in seabed scouring and sediment transport®>. The strong tidal flows
cause complete vertical mixing so that — other than an increase of turbidity
near the seabed — the concentration of dissolved or suspended materials
typically shows little variation throughout the water column.

Currents are significantly weaker during the neap flood tide in comparison to
the spring flood tide. Large elevation differences exist between locations within
North Channel and seaward of Facing Island during times of peak flow
(greater than 25 cm).

Hydrodynamic Modelling
Data sources of specific relevance to dredging operations include:

¢ Hydrodynamic Modelling of the Port Curtis Region CRC for Coastal Zone,
Estuary and Waterway Management: Technical Report 7. M. Herzfeld,
J. Parslow, J. Andrewartha, P. Sakov and I. T. Webster. CSIRO April 2004

¢ Hydrodynamic, Plume Dispersion, Sediment Transport and Waves. BMT
WBM Pty Ltd. Wiggins Island Coal Terminal supplementary EIS. July
2007

e Gladstone Pacific Nickel Advection Dispersion Modelling: Final Report.
BMT WBM for URS. November 2007.

In addition to the hydrodynamic modelling reports listed above, BMT WBM
was commissioned by QCLNG to assess certain water quality and
hydrodynamic aspects of the proposed dredging activites. BMT WBM has
also received additional, related commissions from GPC. Key studies
undertaken as part of this work include:

e Collation and review of existing baseline water quality data;

e The collection of additional locally specific baseline water quality data,
conducted in 2008;

e Hydrodynamic and advection-dispersion numerical modelling to assess the
potential impacts of the construction and operation of proposed channels
and basins on receiving water quality;

o Expansion of three-dimensional hydrodynamic modelling in the vicinity of
the proposed infrastructure;

e Preliminary hydrodynamic assessment of Fisherman’s Landing
reclamation options;

e Preliminary Advection-Dispersion Assessment of Reclamations;

e A report on initial dilution of materials released from various types of
dredges®, to inform reporting of the QCLNG sediment sampling and
analysis plan as required under the National Assessment Guidelines for
Dredging; and

2 Witt C and Morgan C (1999) Stuart oil shale project, Stage 2 EIS marine water quality and flow modelling
(11774.R1.2) WBM Oceanics Australia Report

3 BMT WBM 16 July 2009, Initial Dilution Assessments, unpubl. 11 page report to QGC. Refer Attachment 1 to
Volume 6.
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e A brief assessment report on monitoring of the CSD Wombat, a small to
medium sized Cutter Suction Dredge undertaking capital dredging near
Fisherman’s Landing.

Water Quality

Baseline water quality conditions in the Port of Gladstone (refer Volume 5
Chapter 8) are highly variable but generally compare well with the Queensland
EPA 2006 Water Quality Guidelines*. Water quality is generally relatively
poorer at the time of the low tide compared with the high tide, with the majority
of nutrient and metal species at these times being associated with particulate
(rather than dissolved) phases. Water quality appears to be relatively strongly
correlated with tidal state, and hence sediment re-suspension might impact
upon the daily scheduling of dredging operations.

Water temperatures in the region vary from 18°C in winter to 29°C in summer
(Bureau of Meteorology, Australia 2009). In general, temperature and pH are
relatively uniform with depth, and there is relatively little evidence of thermal
stratification. Water column pH appears lowest in the Narrows region, and is
most likely related to acid inputs from the adjacent mangrove regions”®.

Salinity approximates oceanic seawater values (35.5 ppt), although tends to
be higher in the north of the port. This trend might reflect evaporation losses
as the area is more sheltered (lesser flushing) than coastal waters®.

A salinity and pH gradient is evident from low tide to high tide and north to
south. Salinity and conductivity are highest and pH lowest at low tide in the
northern reaches of the Port of Gladstone. Salinity and conductivity decrease
and pH increases further south and as the tide rises.

Turbidity

In situ turbidity measurements in the port are typically 30 to 40 nephelometric
turbidity units (NTU) during spring tides, and 1 to 5 NTU during neap tides.
Turbidity appears to increase nearer to the seabed and with increasing tidal
velocity, which is most likely due to bed shear stresses and subsequent
sediment re-suspension. Total suspended matter (TSM) appears to be
controlled by tidal stage and stream flow of major rivers flowing into the
harbour, and low chlorophyll-a concentrations have also been noted
throughout the port”.

4 BMT WBM Pty Ltd 2009 Proposed BG LNG Facility EIS Marine Water Quality Assessment. Unpublished.

5 Apte S C, Andersen L E, Andrewartha J R Angel B M, Shearer D, Simpson S L., Stauber J L & Vicente-Beckett, V
(2006) Contaminant pathways in Port Curtis: final report. Co-operative Research Centre for Coastal Zone, Estuary
and Waterway Management, Brisbane, Qld

6 Apte S C, Andersen L E, Andrewartha J R Angel B M, Shearer D, Simpson S L., Stauber J L & Vicente-Beckett, V
(2006) Contaminant pathways in Port Curtis: final report. CRC for Coastal Zone, Estuary and Waterway
Management, Brisbane, Qld

7 Dekker A G and Phinn S (2005) Port Curtis and Fitzroy River Estuary Remote Sensing Tasks. CRC for Coastal Zone,
Estuary and Waterway Management. Technical Report No. 23
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Seabed Sediments

On average the top 28 cm of intertidal and subtidal sediments in the Port of
Gladstone are estimated to have been deposited since 1958, which roughly
equates to the beginning of industrial development in Gladstone. The rate of
sediment deposition appears to be at least 0.6 cm a year, with depositional
zones demonstrated to be largely at the intertidal (mangrove) sites, particularly
at the northern Narrows, lower Calliope River and Boyne River areas®.

The nature of bottom sediments in the Port of Gladstone estuary are variable
over small distances (<1.5 km). Median size classes ranged from silt and mud,
through sand, to coarse sand and gravel. Median grain size increases
significantly with seabed depth. Shallow areas of the bay tend to have finer
surface sediments while deeper channels — where higher currents produce
scouring — tend to have coarser sands and gravels. Consequently, spatial
patterns in sediments broadly reflect patterns in the port bathymetry.

Port Curtis Contaminant Assessments

The Co-operative Research Centre for Coastal Zone, Estuary and Waterway
Management (CRC) has conducted a number of surveys® of the Port of
Gladstone during which marine sediments were sampled and analysed for
contaminant concentrations. The results of this work have shown that the
surface sediments in the Port of Gladstone are relatively clean with only a few
contaminants of concern (primarily metals including arsenic, nickel and
chromium) occurring at concentrations above national screening threshold
levels. Refer Figure 6.1.1, Figure 6.1.2 and Figure 6.1.3 below for the
concentrations found in sampled sediments™ .

In addition, they found that sediment metal contamination was highly
correlated to the percentage of fines at the point of sampling. This finding is in
line with other studies, which have also found a relationship between high
metal contaminant concentrations and silts, and is in keeping with the higher
surface area to volume ratios for these sediments.

Further research, using multiple lines of evidence, has shown that the
concentrations of particulate arsenic, chromium and nickel in the benthic
sediments of Port Curtis are elevated because of local geology and not from
anthropogenic sources''. While polycyclic aromatic hydrocarbon (PAH)
contaminants in sediments were highest around the industrial area of
Gladstone, concentrations at all locations were below Australia and
New Zealand Environment and Conservation Council (ANZECC) trigger
values.

8 Vincente-Beckett Vicky and Cooperative Research Centre for Coastal Zone, Estuary and Waterway Management
(Australia) 2006 Metal and polycyclic aromatic hydrocarbon contaminants in benthic sediments of Port Curtis.
Cooperative Research Centre for Coastal Zone, Estuary and Waterway Management, Indooroopilly, Qld

9 Apte S, Duivenvoorden L, Johnson R, Jones M, Revill A, Simpson S, Stauber J, Vicente Beckett V (May 2005).
Contaminants in Port Curtis: screening level risk Assessment. Co-operative Research Centre for Coastal Zone,
Estuary & Waterway Management.

10  Ibid.

11 Vicente Beckett V and Co-operative Research Centre for Coastal Zone, Estuary and Waterway Management
(Australia) 2006 Metal and polycyclic aromatic hydrocarbon contaminants in benthic sediments of Port Curtis. CRC
for Coastal Zone, Estuary and Waterway Management, Indooroopilly, Qld
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Figure 6.1.1 Arsenic Concentrations in Port Curtis Sediments (mg/kg)
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Chromium Concentrations in Port Curtis Sediments (mg/kg)
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Dredging Assessments

Three offshore environmental sampling programs (refer Section 1.3.1.1) have
previously been conducted in preparation for capital dredging programs within
the Port of Gladstone. The reports from these studies were reviewed to
identify potential issues for the planned dredging program.

All three studies reported test results for metals, metalloids and organic
pollutants below published threshold values and mostly below the reporting
level of most analytical laboratories. Douglas Partners (two reports) presented
results for polycyclic aromatic hydrocarbons (PAH), pesticides and
polychlorinated biphenyls (PCB), at or below the respective laboratory Limits
of Reporting (LOR).

These results, with the exception of dieldrin and endrin, were below screening
levels for marine sediments as prescribed under National Ocean Disposal
Guidelines for Dredged Material (NODG, 2002). Two samples, collected from
Fisherman’s Landing several kilometres north of Clinton Bypass, returned raw
concentrations of tributyltin (TBT) above the LOR. These fell below screening
levels after applying the standard method for normalisation to one per cent
Total Organic Carbon.

All three reports found levels for acid sulfate soils (ASS) below threshold
levels using the chromium test.
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While some samples comprising silty clays were found to have arsenic levels
marginally above screening level, these results were described as common,
and therefore of little concern, by the authors, on the basis of similar results
reported widely in other studies from eastern Australia.

It should be noted that while some contaminants appeared in Port Curtis in
these studies, all were detected using concentrated acid extraction
techniques, which determine gross concentration in whole sediments.
However, in ecological terms, the important consideration is whether the
contaminants are actually available to biota. Samples exhibiting exceedances
based on concentrated acid extractions should be retested using a method for
determining the bioavailability of contaminants, the potential for ecological
harm.

The method commonly employed and recommended under the NOGD is
Dilute Acid Extraction (DAE). This method mimics the release of contaminants
from ingested particles/sediments as might occur with bottom- foraging
species such as skates and rays. In most cases, the concentrations of bio-
available contaminants are significantly less than gross concentrations. QGC’s
own Marine Sediments Study (described below) has incorporated DAE to
address this matter.

Dredged Material Assessment - Sampling and Analysis Plan

QGC has undertaken its own Marine Sediments Study to inform its impact
assessment process. A Sampling and Analysis Plan (SAP) has been
developed for the assessment of dredged material associated with the
QCLNG Project. QGC has extended this program to provide a wider
geographic set of data throughout the Port of Gladstone. The aim of the SAP
is:

“To describe the marine sediments within areas being investigated for
capital dredging works and land reclamation, within Port Curtis, in order to
be able to conduct a comprehensive and defensible environmental impact
assessment of planned dredging and reclamation.”

Three key objectives were set to achieve this aim:

e to describe the physical characteristics of the sediments in terms of grain
size, sediment structure, geological origin and geomorphology,

e to identify and describe the nature (type and concentration) and physical
extent of chemical contaminants potentially present in the sediments,
which might in turn cause environmental harm, and

o to identify the occurrence of potential acid sulphate soils (PASS) within
dredged material that might be used for reclamation in areas surrounding
the Western Basin.
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The SAP has been designed to comply with the following guidelines and
previous studies:

¢ National Assessment Guidelines for Dredging (NAGD), (DEWHA 2009);

e Australian and New Zealand Guidelines for Fresh and Marine Water
Quality; ANZECC/ARMCANZ (2000a, b)

o Assessment of Soil, Sediment and Water Guidelines (DEP 2003)

¢ National Guidelines on the Investigation Levels for Soil and Groundwater
(NEPC 1999)

o Guidelines for Sampling and Analysis of Lowland Acid Sulfate Soils in
Queensland (QASSIT 1998)

e previous dredged material characterisation programs conducted in Port
Curtis.

Survey Rationale

The National Assessment Guidelines for Dredging (NAGD) prescribes the
method for determining number of sample locations required for a dredging
assessment in a port or locality. The NADG provides the following equation for
calculating a suitable sample size for large dredging programs:

y =0.025 x + 15.547 where: y is the number of sampling stations and
x is the volume of dredge material (x 1 000 m?).

However, NADG also states that the following criteria should be considered
when calculating x:

e The volume x refers to contaminated and potentially contaminated
dredged material rather than the total dredge volume.

e The volume x is of recent sediments, which could be contaminated, but not
the volume of underlying natural geological materials which can be
assumed as uncontaminated.

The NAGD goes further to state that some areas may be exempt from testing
requirements if the sediments at those locations are composed predominantly
of gravel, sand or rock, or any other naturally occurring bottom material with
particle sizes larger than silt, but only where this material is found in areas of
high current or wave energy where the seabed consists of shifting gravel and
sandbars.

Given that there were insufficient data to determine what proportion of the total
volume of dredged material might be contaminated, the rationale used for
determining the number of sample locations was based on a prioritised-risk-
weighted approach, which took into consideration the following criteria:

e total volume of material to be dredged (refer to Volume 2, Chapter 14)
e scheduled timing for the planned dredging (refer to Volume 2, Chapter 14)

e known occurrence of contaminants of concern and their expected
concentrations (refer to Section 1.3.1.6)

e peak tidal/current velocities and associated sediment structure
(refer Figure 6.1.4).
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Figure 6.1.4 Peak Current Velocities During a Typical Spring Tide Peak Ebb Flow,
WBM 2008
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Despite previous data indicating little anthropogenic contamination, areas of
patchy contamination could not be ruled out. Not only does the visible
geology of the area imply expected high variability in sediment structure, but
there is a diverse range of potential point sources of contamination and a
moderately long history of industrial use of Port Curtis.

Some areas within planned dredging footprints are naturally deeper than
required. These were eliminated from additional sampling. Likewise, NAGD
criteria allow areas with high current velocities and gravelly sediments to be
excluded from sampling. This allowed sampling effort to be focussed on the
areas most likely to contain contaminants.

An additional weighting factor was applied to reflect the likely staging of
dredging works. NAGD guidelines restrict the utility of sediment data to a
period of five years, after which new sediment data must be obtained. Stage
1a dredging projects therefore received full weighting while dredging projects
for which commencement times are not yet defined received lower weightings.
Further assessment of sediments in these latter areas may be required in the
future.
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The distribution of sites within proposed dredging areas was determined using
a 50 m x 50 m grid system overlaid on the proposed dredging footprint. This
distribution method follows NAGD recommendations, which suggest the use of
an equidistant grid with sufficient total number of cells, or sampling locations,
to enable a minimum of a one in four distribution of actual sampling sites to
potential sampling locations. Figure 6.1.5 shows the broader dredging and
reclamation stages defined by GPC and used by QGC to prioritise the
allocation of marine sediment sampling sites. Figure 6.1.6 shows the sampling
locations cored to assess QCLNG Project-related dredging works in QGC’s
Marine Sediments Study.

QGC also included within its Marine Sediments Study an examination of acid
sulfate soils in the Fisherman’s Landing area. This examination, to QASSIT
guidelines, focussed primarily on the southern half of the Fisherman’s Landing
area, reflecting reclamation staging as identified by GPC. A lower intensity of
sampling was conducted throughout the remainder of the Fisherman’s
Landing area (refer Figure 6.1.6 and Figure 6.1.7). These data were provided
to GPC under the agreed data sharing arrangement, and it is expected that
they will be formally reported in GPC’s draft EIS.

Distribution of Sampling Sites within Identified Reclamation Areas

Reclamation Stage Area (Ha) Capacity (M m?  Number of Cores
South-East 153 10 30
South-West Up to 230 16 90
North Up to 480 34 30
Total 480 60 150

The locations of acid sulfate sampling holes in the Fisherman’s Landing area
are shown in Figure 6.1.7.

Survey Methods

Recovery of sediment cores for contaminant and geochemical sampling in
unconsolidated marine settings requires specialised equipment and
techniques. SAP field surveys were undertaken with a spread of drilling or
coring vessels and a combination of vibrocoring, push tubes, standard
penetration test and rotary drilling methods as appropriate to the soil types
encountered. Field teams were supported by land-based office, laboratory and
cold-room facilities, housing specialists in soils and sample logging,
geographic information services (GIS), data management and project
management.
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The primary method for sample recovery was continuous vibro-suction coring.
Geomorphologic logging and photography was done within controlled
laboratory conditions. Field pH screening tests on sediment core samples
were conducted onsite, and samples collected for laboratory analyses
according to Queensland Acid Sulfate Soils Investigation Team (QASSIT)
guidelines. Detailed field logs were converted to an equally detailed
broadsheet format including graphic presentation to assist in the assimilation
of information (refer Figure 6.1.8). Laboratory analyses were added to this
graphic format to establish visual relationships between stratigraphic elements
and acid sulfate soil chemistry

The information captured in the digital logs provides the foundation for the
development of a 2D stratigraphic model. This modelling is based on a coastal
facies modelling approach, which relies on the practitioner having a sound
knowledge of the evolution of coastal depositional systems in response to
major sea-level change (refer to Figure 6.1.9).

Sediment cores were sub-sampled in on-site laboratories for a range of
contaminants, including whole sediment analyses (Phase Il of NAGD 2009)
plus elutriate and bioavailability analyses (Phase Ill). Samples were retained
at 4C in a cold room before transport to NATA-accredited external
laboratories following full chain-of-custody procedures. The selected
laboratories specialised in marine sediment analysis for dredging assessment,
and had the capability to undertake ultratrace measurements to meet the
Practical Quantitation Limits specified in NAGD.

Results

At the time of writing, SAP drilling is nearing completion. Preliminary
geomorphological modelling has revealed the following:

e pre-Holocene substrate — the old landscape that was exposed before the
last (Holocene-age) marine flooding of the area around southern Curtis
Island and The Narrows is shown to have substantial relief mimicking the
modern variability between channels and intervening islands and banks. In
areas, the island extends into the adjacent marine province, forming
shelves which are shallowly mantled by Holocene marine sediments.
The pre-Holocene sequence is a mature, complex suite of clay and sandy
gravel deposits, which are considered to be composed of residual regolith
overlying the interbedded Wandilla Formation of which Curtis Island is
composed.

e Holocene sequence — again the Holocene-age marine sequence is highly
variable as a result largely of interaction with the steep antecedent
landscape which had the effect of dissecting the marine transgression
early in the sequence’s development, and directing currents in its later
evolution. Representative sedimentary facies include: coarse basal gravels
and pebbles associated with backstepping fluvial deposits in the face of
the marine transgression, some deposits of estuarine central-basin
suspension silt/clays in deeper basin areas, and a predominance of sandy
silt/clay and muddy, shelly sand sediments forming the upper sequence.
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QUEENSLAND CURTIS LNG VOLUME 6: CHAPTER 1

Preliminary analytical results using concentrated acid extractions reveal
several metals with mild exceedances of NAGD 2009 screening levels in less
than 5% of whole sediment samples (refer Section 1.3.1.6). The upper 95 per
cent confidence limits of these metals all fall well beneath the respective
screening levels. Dilute acid extraction and analyses of samples where
exceedances were recorded also produced values well below the screening
levels.

Several samples submitted for nutrient (ammonia) pore-water and elutriate
tests returned levels mildly above the ANZECC/ARMCANZ 2000 marine water
quality trigger values (refer Section 1.3.1.6). When subject to the application
of Initial Dilution factors (below) in accordance with NAGD methods, these
exceedances were, on average, below guideline levels. However, the Initial
Dilution factors vary according to the dredging locality, method and tidal state,
and each of these exceedances could, under some circumstances, remain
over the guideline threshold. Section 1.4.4.5 discusses appropriate mitigation
which shows that these areas can be dredged without exceeding guideline
levels.

Initial Dilution factors calculated as per NAGD recommendations'? are 10:1 for
a backhoe working in the materials offloading facility (MOF) area, 20:1 for a
trailer suction hopper dredge (TSHD) discharging material in the vicinity of
Fisherman’s Landing, or 32:1 for a Cutter suction dredge (CSD) operating in
the Curtis Spur Channel (BMT WBM, 2009). When the appropriate dilution
factor is applied, elutriate concentrations for these contaminants fall well below
threshold levels.

Marine sediments have, on average, an excess of acid sulfate neutralising
capacity, although results in a few coastal near shore areas exceed Potential
ASS thresholds. Blending during the normal dredging process, or blending
assisted by selective soil removal strategies is expected to adequately
manage acid sulfates for dredged materials to be placed in marine reclaim
areas. The only time specialised ASS management strategies are likely to be
required is for the initial (-2.8 m LAT) cut for MOF dredging (refer Volume 2
Chapter 14 Figure 2.14.5), an area where neutralising capacity appears to be
low.

Implications for Impact Assessment

Project-related dredging will encompass a wide range of sediment types, with
widely varying physical properties. High spatial variability exists among these
sediment types, both laterally and with depth. Contaminant analyses
conducted by the time of writing are consistent with the studies cited above
which have found Port Curtis to be relatively unaffected by anthropogenic
impacts.

The initial assumption that sediments may be treated as clean for the
purposes of SAP planning has therefore been supported by findings to date
which indicate that there is unlikely to be contaminant-related impacts from
dredging of immediate port infrastructure.

12 BMT WBM 16 July 2009, Initial Dilution Assessments, unpubl. 11 page report to QGC. Refer Attachment 1 to
Volume 6.
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This leaves the primary focus of impact assessment on the physical impacts of
sediments (seabed disturbance, sedimentation, suspended sediments and
light attraction), with impact prediction and mitigation made more difficult by
the wide diversity of sediment types and the small-scale spatial variations in
these.

Biological Environment

Mangroves

Fourteen species of mangroves are reported from the Port of Gladstone
region, and three species (Acanthus ilicifolius, Bruguiera exaristata and
Xylocarpus moluccensis) occur at the southern limit of their distribution.
Mangroves are dominant in the mid to upper intertidal zones; fringing much of
the mainland and Curtis Island coasts. Extensive mangrove habitat extends
along the Curtis Island coastline from Graham Creek to Hamilton Point™.
Mangrove assemblages in the Port of Gladstone are monitored by the Port
Curtis Integrated Monitoring Program (PCIMP) and are considered to be in a
healthy condition at most locations.

Amongst the studies that QGC has commissioned is one using a multispectral
airborne scanner to facilitate automatic classification of mangrove community
types. This method, summarised in Section 1.4.2.5, is not intended to replace
the conventional methods already used for long term mangrove mapping by
PCIMP. Instead, it is part of a program of method development that will
continue to be refined until dredging commences, and will then be used to
facilitate rapid reappraisals of mangrove communities as part of the relevant
dredging EMP.

Benthic Primary Producers

Six seagrass species have been identified in the Port of Gladstone: Halodule
uninervis, Halophila ovalis, Halophila decipiens, Halophila minor, Halophila
spinulosa, and Zostera capricorni.

The Port of Gladstone — Rodd’s Bay seagrass communities are of regional
significance due to the next nearest extensive meadows being found at
Hervey Bay, 220 km to the south and Shoalwater Bay, 220 km to the north. A
total of 7 246 ha of intertidal seagrass beds have been identified within the
Port of Gladstone — Rodd’s Bay Dugong Protection Area (DPA), with an
additional 6 332 ha in deepwater areas (>5 m Mean Sea Level) identified to
the east and south of Facing Island™.

13 Danaher K, Rasheed M A and Thomas R (2005) The Intertidal Wetlands of Port Curtis. Department of Primary
Industries and Fisheries Information Series Q105031

14 Rasheed M A, Thomas R, Roelofs A J, Neil K M and Kerville S P (2003) Port Curtis and Rodd’s Bay Seagrass and
Benthic Macro-Invertebrate Community Baseline Survey, November/December 2002. DPI Information Series
Q103058
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Within the Port, the majority of seagrass communities are in the Pelican
Banks/Quoin Island area between Facing and Curtis islands. Significant banks
also exist between The Narrows and the Calliope River mouth and southwards
along the coast to the southern port limits. Seagrass distributions from 2002
are shown in Volume 5, Chapter 8, Figures 5.8.5 and 5.8.10 (in relation to the
Dugong Protected Area). Results of 2007 surveys (confined only to those
seagrass beds resurveyed in the long term monitoring program) are shown in
Figure 6.1.10.

Many of these communities are close to a number of industrial activities within
the port, including shipping channels, the RG Tanna Coal Terminal,
Queensland Alumina Limited and Fisherman’s Landing. No deepwater
seagrass communities are known to occur within the inner port area.

To date, seagrass studies have not focused on the intertidal/subtidal areas to
the west of Curtis Island, and therefore there is limited information relating to
seagrass density, richness and species composition in this part of the harbour.
However, there is significant information for the areas to the north and south of
Fisherman’s Landing. During a recent monitoring program (2002-07) shifts in
the community structure and composition were not uncommon, with meadows
varying significantly, among year and location, in terms of percentage cover,
biomass and species composition'. For more detail regarding seagrass
meadows in the Port of Gladstone, refer to Volume 5 Chapter 8.

The healthy Zostera capricorni communities identified in the 2007 monitoring
(Figure 6.1.10 shows only those seagrass beds actually monitored in the
annual program) are likely to provide an important refuge for fish and
crustacean species, and are recognised as key nursery areas for many
commercial species. The seagrass meadows around Wiggins Island, in
particular, appear to be heavily utilised by dugong on the basis of observed
feeding trails at a majority of monitored sites.

Macroalgae are only a minor component of the benthic communities in the
Port of Gladstone region. Macroalgal cover is generally low, and there is no
distinctive macroalgal community within the port regions. While significant
areas of macroalgae are absent, coastal seagrass meadows have been
observed to support a relatively high percentage cover of filamentous green
algae'®.

QGC has initiated a multispectral scanning project for quantifying marine
primary production. This is assessed as a possible tool for assisting in
responding management of impacts to seagrass and macroalgal communities.
Further details of this evaluation are included in Section 1.4.2.5 below.

15 Alquezar R, Small K, Hendry R (2007) Port Curtis Biomonitoring programme: macroinvertebrate, mangrove and
seagrass surveys November 2006. A report to Queensland Energy Resource Limited. Centre for Environmental
Management, Central Queensland University, Gladstone, QLD

16 Rasheed M A, Thomas R, Roelofs, A J, Neil K M and Kerville S P (2003) Port Curtis and Rodd’s Bay Seagrass and
Benthic Macro-Invertebrate  Community Baseline Survey, November/December 2002. DPI Information Series
Q103058
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Microalgae live within the sediment, and form part of the local and regional fish
production cycle. In the Port of Gladstone area, microalgae occur in lagoons,
estuaries, sandbanks, mudbanks, saltmarshes and soft seabeds.

Invertebrates (including corals)

Whilst a large number of small reef structures are gazetted within Port Curtis,
the most significant coral reefs in the region are those of the Capricorn and
Bunker groups, 50 km to 110 km east of Gladstone. Two regions (98 ha and
158 ha) of low coral reef bommies and associated mixed coral reef
community, interspersed with bare substrate, have been identified on the
seaward side of Facing Island.

There is approximately 1 500 ha of deep water (greater than 5 m of water) in
the Western Basin (west of Barney Point). High-density benthic communities
occupy approximately 50% of this area (738 ha), extending along Targinie
Channel from Fisherman’s Landing, through the Clinton Bypass and south to
approximately South Trees Island. Similar communities exist outside of the
Western Basin in a narrow strip running inside Facing Island and East Bank
(refer to Volume 5, Chapter 8, Figure 5.8.8). These high-density communities
generally consisted of rubble reef dominated either by sponges, soft coral,
hard coral, hydroids, bryozoans and gorgonians with a mix of other benthic
taxa '’.

Medium-density benthic communities in the deep channel area from the mouth
of The Narrows at Graham Creek to Fisherman’s Landing consisted of rubble
reef dominated by bivalves, ascidians, bryozoans and hard corals with low
numbers of other taxa. These occupied approximately 30% (440 ha) of the
deep waters in the Western Basin.

The remaining 20% (308 ha) of Western Basin deep water communities is an
open/low density region dominated by open substrate with a low density of
varied species.

17 Rasheed MA, R Thomas, AJ Roeleofs KM Neil and SP Kerville (2003). Port Curtis and Rodds Bay seagrass and
benthic macroinvertebrate community baseline survey, November/December 2002. QDPI Information Series
QI03058 (DPI, Cairns)
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Developed hard coral assemblages are supported on a number of sites within
Port Curtis, the most significant of which are the rocky reef substrate sites
between Facing and Curtis islands''® and north of Targinie Creek in rocky
parts of the Narrows Channel®. Soft corals, anemones, fan worms, sponges
and tunicates?' occur on the south side of Picnic Island. A few small, isolated
hard corals occur (mostly Favidae and Goniopora) within the Port of
Gladstone, but these do not combine or provide adequate structure (height
and extent) to form significant reef habitat for reef-associated species?.

The strong tidal regime in the Port of Gladstone gives rise to naturally high
turbidity levels and, as such, the species found within this location are well
adapted to high sediment loads and scour within/from the water column.
Infaunal communities inhabiting the soft sediments of the Port of Gladstone
are well studied, both spatially and temporally. Filter-feeding organisms
dominate infaunal communities and account for more than half of the total
abundance and nearly 30 per cent of total species richness®.

Deposit-feeding organisms were also common (>25 per cent of total
abundance and nearly 35 per cent of total species diversity). Polychaete
worms, molluscs and crustaceans together accounted for more than 86 per
cent of the individuals and 83 per cent of the species collected. Other less
common taxa identified included echinoderms; cnidarians; sea spiders; and
ribbon, round, peanut and flatworms. The bivalve mollusc Carditella torresi
was the most abundant species, accounting for more than 14 per cent of the
total infaunal abundance, principally within subtidal sites. Few other species
could be considered numerically dominant.

Fish

The fish assemblage of the Port of Gladstone is considered to be diverse with
180 species recorded from the Port of Gladstone and Calliope River, including
a number of regulated species and species of commercial and recreational
value.

A survey of demersal fish species of the estuarine and marine environments of
the Port of Gladstone identified 88 species, but two small schooling species
dominate. The numerically dominant species identified in the port were
ponyfish (Leiognathus equulus) and herring (Herklotsichthys castelnaui),

18 URS (2007) Gladstone Nickel Project Environmental Impact Statement. Public EIS report prepared on behalf of
Gladstone Pacific Nickel by URS Australia Pty Ltd, Brisbane, Qld

19 Dames and Moore (1998) Comalco Alumina Project Gladstone: Impact Assessment Study — Environmental
Impact Statement. Public EIS report produced by Dames and Brisbane (now URS Australia Pty Ltd), Brisbane, QId

20 URS (2007) Gladstone Nickel Project Environmental Impact Statement. Public EIS report prepared on behalf of
Gladstone Pacific Nickel by URS Australia Pty Ltd, Brisbane, Qld

21 URS (2007) Gladstone Nickel Project Environmental Impact Statement. Public EIS report prepared on behalf of
Gladstone Pacific Nickel by URS Australia Pty Ltd, Brisbane, Qld

22 URS (2007) Gladstone Nickel Project Environmental Impact Statement. Public EIS report prepared on behalf of
Gladstone Pacific Nickel by URS Australia Pty Ltd, Brisbane, Qld

23  Currie D R and Small K J (2005) Macrobenthic community responses to long-term environmental change in an east
Australian subtropical estuary. Estuarine, Coastal and Shelf Science, 63: 315-331
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which in combination comprised about half the total catch by trawl netting
fisheries.

A study of recreational angler catches?* found that the most common species
caught in the port was whiting (largely Sillago ciliato).

Marine Reptiles

As detailed in Volume 5 Chapter 8 six species of marine turtle potentially
occur in or around the Port of Gladstone. Three species — green (Chelonia
mydas), loggerhead (Caretta caretta) and flatback (Natator depressus) — are
known to breed in the area. Although rare, the estuarine crocodile (Crocodylus
porosus) also potentially occurs within the area.

Important turtle nesting beaches for flatback turtles (Natator depressus) have
been identified on the east coast of Curtis Island and Facing Island and further
south at Tannum Sands (approximately 15 km south of Gladstone)®%.
The majority of turtle nesting on Curtis Island occurs on South End Beach?.
There are no known turtle nesting beaches within close proximity (5 km) to the
proposed Western Basin channel or swing basin areas.

Green turtles have been regularly observed within the seagrass meadows
particularly on Pelican Banks (eastern side of Curtis Island)?®. The Curtis
Island flatback turtle nesting population has maintained an approximately
constant size over the 35 years since monitoring began®.

Sea snakes are highly mobile and can cover large distances. Sea snakes
occur in a wide variety of habitats, with some species found mostly on coral
reefs, whereas others are found over sandy and muddy areas of seabed.
Many species are specialist feeders that are restricted to the specific habitats
used by their prey. The distribution of sea snake species is highly variable and
thought to be influenced by seasonal factors®. Little is known of the
distribution of individual species, and sea snake ecology, population sizes and
dynamics are poorly understood.

24  Platten, R. (2004). Historical trends in recreational fishing catches in the Gladstone region. Cooperative Research
Centre for Coastal Zone, Estuary and Waterway Management.

25 Limpus C J, McLaren M, McLaren G and Knuckey B. (2006) Queensland Turtle Conservation Project: Curtis Island
and Woongarra Coast Flatback Turtle Studies, 2005-2006. Queensland Environmental Protection Agency, ISSN
1449-194X

26 Queensland Environmental Protection Agency (QEPA) (2003) Curtis Coast Regional Coastal Management Plan.
Environmental Protection Agency and Queensland Parks and Wildlife Service, ISBN 0-9751106-2-4

27 Limpus C J, McLaren M, McLaren G and Knuckey B. (2006) Queensland Turtle Conservation Project: Curtis Island
and Woongarra Coast Flatback Turtle Studies, 2005-2006. Queensland Environmental Protection Agency, ISSN
1449-194X

28 Taylor H, Rasheed M, Dew K. and Sankey T. (2007) Long Term Seagrass Monitoring in Port Curtis and Rodd’s Bay,
Gladstone, November 2006. Queensland: Queensland Department of Primary Industries and Fisheries Publication
PRO7-2774.

29 Limpus C J, McLaren M, McLaren G and Knuckey B. (2006) Queensland Turtle Conservation Project: Curtis Island
and Woongarra Coast Flatback Turtle Studies, 2005-2006. Queensland Environmental Protection Agency, ISSN
1449-194X

30 Great Barrier Reef Marine Park Authority (2005) The State of the Great Barrier Reef: Reptiles. Available at:
www.gbrmpa.gov.au/corp_site/info_services/publications/sotr/latest_updates/marine_reptiles [last accessed
17.12.2008]
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GPC is understood to have undertaken aerial surveys of reptiles and
mammals within Port Curtis in the past few months, although this work is
currently unreported.

Dugong

Survey results from November 2005 estimated a total of 183 (£66) dugong in
the Port of Gladstone area. Dugong feeding activity has been observed from
seagrass monitoring®' and benthic habitat surveys in the Port®. The highest
density of dugong feeding trails have been observed at Wiggins Island
although feeding trails have also been regularly observed at Quoin Island,
Pelican Banks, South Trees and the intertidal meadows to the north and south
of Fisherman’s Landing™*.

GPC has recently conducted a new set of aerial surveys for dugong and other
megafauna, and it is expected that this work will be published in GPC’s Draft
EIS.

The value of the Port of Gladstone seagrass meadows to the local dugong
population has resulted in the declaration of the Rodd’s Bay Dugong
Protection Area (DPA) ** (refer Volume 5 Chapter 8). The Rodd’s Bay DPA
encompasses the majority of Southern Curtis Island waters from The Narrows
south of Graham Creek and east to Facing Island.

While recent studies suggest that dugong numbers have stabilised along the
entire eastern coast of Queensland during the past two decades®®, individual
dugong populations within defined regions, such as the Port of Gladstone,
have been observed to fluctuate over shorter periods. This fluctuation has
been largely attributed to natural changes in seagrass habitats, which might
be an important factor in assessing the impacts of dredging and land
reclamation in terms of habitat losses.

Cetaceans

Twelve species of cetacean are known to occur in the Curtis region (refer
Volume 5 Chapter 8). While the large, oceanic species are unlikely to visit the
inner port, a number of delphinids, including snubfin dolphin (Orcaella
heinsohni), Indo-Pacific humpback dolphin (Sousa chinensis), Indian Ocean

31 Taylor H, Rasheed M, Dew K. and Sankey T. (2007) Long Term Seagrass Monitoring in Port Curtis and Rodd’s Bay,
Gladstone — November 2006. Queensland Department of Primary Industries and Fisheries Publication PR07-2774

32 Rasheed M A, McKenna S A, Taylor H A and Sankey T L (2008) Long term seagrass monitoring in Port Curtis and
Rodd’s Bay, Gladstone — October 2007. DPI&F Publication PR0O7- 3271 (DPI&F, Cairns)

33 Rasheed M A, McKenna S A, Taylor H A and Sankey T L (2008) Long term seagrass monitoring in Port Curtis and
Rodd’s Bay, Gladstone — October 2007. DPI&F Publication PR07- 3271 (DPI&F, Cairns)

34 Coles R G, Lee Long W J, Squire B A, Squire L C and Bibby J M (1987) Distribution of seagrasses and
associated juvenile commercial penaeid prawns in north-eastern Queensland waters. Aust J Mar Freshwater
Res, 38: 103-119

35 Marsh H and Lawler | R (2006) Dugong distribution and abundance on the urban coast of Queensland: a basis
for management. Marine and Tropical Science Research Facility Interim Projects 2005-06 FINAL Report Project 2:
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bottlenose dolphin (Tursiops aduncus) and the bottlenose dolphin (Tursiops
truncate ss. str.) are all likely to occur at various times.

The snubfin dolphin and Indo-acific humpback dolphin are the two most likely
species to be observed in the port. The Indo-Pacific humpback dolphin usually
inhabits shallow coastal waters less than 20 m deep, and are often associated
with rivers and estuarine systems, enclosed bays and coastal lagoons®.

Previous studies have shown that the Indo—Pacific humpback dolphin coexist
with coastal development in places such as Cleveland Bay, Townsville. The
snubfin dolphin is endemic to Australia and is known to occur close to
rivermouths®.  Their preference for nearshore, estuarine waters is likely
related to the productivity of these tropical coastal areas®®. There is no
published information available for either species in the Port of Gladstone
region.

Although unlikely to enter the port, humpback whales (Megaptera
novaeangliae) migrate annually past the Port of Gladstone en route to and
from the Great Barrier Reef. While the closest aggregation area to the Port of
Gladstone is at Hervey Bay®®, approximately 220 km south, the Great Barrier
Reef is a critical habitat used for calving and resting during the austral winter
months. Given the offshore nature of this species and the known distances
from the Port of Gladstone area, this species is not expected to be a key
sensitive receptor for this Project.

Shorebirds and Seabirds

Approximately 70 per cent of the shorebird species inhabiting the Port of
Gladstone region are internationally significant migratory species listed under
the Japan-Australia Migratory Bird Agreement (JAMBA), China-Australia
Migratory Bird Agreement (CAMBA) and Republic of Korea-Australia Migratory
Bird Agreement (ROKAMBA) (refer Volume 5 Chapter 8.3). The Port of
Gladstone region is recognised as an important staging area for a number of
these species during their annual migrations, although no areas of Port Curtis
warranted listing as JAMBA, CAMBA or ROKAMBA sites. Two habitats are
especially important to shorebirds: low-tide feeding areas comprising exposed
tidal flats, and high-tide roosting areas comprising coastal saltflats, sand spits
and the mangrove fringe.

Offshore islands in the Capricorn Group, approximately 75 km from
Gladstone, provide support for up to three-quarters of the total seabird

36 Parra G J (2006) Resource partitioning in sympatric delphinids: Space use and habitat preferences of Australian
snubfin and Indo-Pacific humpback dolphins. Journal of Animal Ecology 75:862-874.

37 Parra G J, Azuma C, Preen A R, Corkeron P J and Marsh H (2002) Distribution of Irrawaddy Dolphins, Orcaella
brevirostris, in Australian waters. Raffles Bulletin of Zoology, Supplement10, pp 141-154.

38 Parra G J (2006) Resource partitioning in sympatric delphinids: Space use and habitat preferences of Australian
snubfin and Indo-Pacific humpback dolphins. Journal of Animal Ecology 75:862-874.

39 Chaloupka M., Osmond M. and Kaufman G. (1999) Estimating seasonal abundance trends and survival rates of
humpback whales in Hervey Bay (east coast of Australia). Marine Ecology Progress Series, 184, 291-301
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biomass of the Great Barrier Reef*’. The islands provide key roosting and
feeding sites for a range of seabirds and shorebirds, including the little tern
(Sterna albifrons) and sooty oystercatcher.

North Reef provides habitat for colonies of crested terns (Sterna bergii),
roseate terns (Sterna dougallii), black-naped terns (Sterna sumatrana) and
shearwaters. Masthead Island approximately 60 kms from Gladstone is a
nationally important seabird nesting site due to high species diversity and
numbers (including shearwaters, noddies, bridled terns (Sterna anaethetus),
roseate terns, black-naped terns and silver gulls (Larus novaehollandiae)*'.

EVALUATION OF IMPACTS, MITIGATION AND MANAGEMENT MEASURES

Prediction of impacts is an objective attempt in determining the potential
effects of a proposed project, and its associated activities, on the ecological
and anthropogenic components of the environment (i.e. physical, biological,
social, socio-economic etc). Impact prediction is based on existing information
relating to the action, potential modes of impacts and receptors involved in
each identified interaction.

It is important to note that impact prediction takes into account any mitigation
or control measures that are part of the project design/project plan. Additional
mitigation measures aimed at further reducing predicted impacts are then
proposed where necessary or as appropriate.

Risk Assessment framework

A risk-based approach to impact assessment is becoming more common in
Australia, and while there are no regulations prescribing a specific approach
for conducting an impact assessment, a number of key oil & gas industry
documents from the Australia Petroleum Production and Exploration
Association (APPEA) suggest that the assessment of environmental risks is
integral to the process.

The APPEA Code of Environmental Practice states that:

e The assessment of the risks to, and impacts on, the environment is an
integral part of the planning process for activities associated with the
exploration, production and export of oil and gas.

e Environmental legislation requires an assessment of the impact the
activities will have on the environment of the area, including assessing the
risk of impact.

e It is necessary to identify risks (likelihood and consequence) to the

40 Queensland Environmental Protection Agency (2003) Curtis Coast Regional Coastal Management Plan.
Environmental Protection Agency and Queensland Parks and Wildlife Service, ISBN 0-9751106-2-4

41 Queensland Environmental Protection Agency (2003) Curtis Coast Regional Coastal Management Plan.
Environmental Protection Agency and Queensland Parks and Wildlife Service, ISBN 0-9751106-2-4
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environment and the appropriate mitigation measures so that the risks can
be reduced to as low as reasonably practical, are in accordance with
legislation and are acceptable.

o The risk assessment process should be adapted for each activity, project
or operation to ensure that the assessment, no matter how simple or
informal, should be able to demonstrate by a documented formal risk
assessment process that the environmental risks were assessed and
company management accepted the resultant level of managed risks.

On this basis, a risk-based approach has been applied to the impact
assessment process for this project.

Risk estimates are summarised in Table 6.1.2 and Table 6.1.3 below.
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Table 6.1.2 Hazard Identification
Mode Receptor
Short-Term Long-Term Physical Biological
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QGC LIMITED PAGE 30 JuLy 2009




QUEENSLAND CURTIS LNG VOLUME 6: CHAPTER 1

Table 6.1.3 Risk Matrix for Dredging and Reclamation Activities

Receptor Physical Ecology
n
o %) %)
> [e] o
B £ > B|© 3 3
9 = o = 2 a ° = @ (%)
<} 3 a © [ c 2 o c
< = ) > © e Q c o3 o
a £ o €] IS4 B 4 ] o c
= > c > © a 2 <) o ©
o = @ 5 c £ 2 'S 9] =) 8 »
= ® £ = (] = © £ a © °
I I - - B O 5 e -
[0} o
(O] » £ E = g
= > I
[0} = n
m
Hazard
| | IR
Dredging Operations
Dredging Activity (All Methods) - - -

Permanent Structures (Nav Markers)

Temporary Structure (incl vessel movements)

Hopper Dewatering

Liquid Waste/ Domestic Sewage

Airborne Noise Emissions/ Vibrations

Subsea Noise Emissions/ Vibrations

Light Emissions

General Waste

Construction & Operations of Land Reclamation

Permanent Structure

Temporary Structure

Airborne Noise Emissions/ Vibrations

Subsea Noise Emissions/ Vibrations

Chemical Discharge

Reclamation Dewatering

General Waste

Accidental Events

Lube and Hydraulic Oil Spills

Chemical Spills

Diesel Spills

Positive Effect

An impact that represents an improvement on the baseline or introduces a new desirable factor

Negligible Effect

Magnitude of change comparable to natural variation

Minor Impact

Detectable but not significant

Moderate Impact

Significant; amenable to mitigation; should be mitigated where practicable

Major Impact

Significant; amenable to mitigation; must be mit