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Limitation Statement 
The sole purpose of this report and the associated services performed by Sinclair Knight Merz 
(“SKM”) is to assess the impacts of the proposed Outer Harbour Development on the subtidal 
marine benthic habitats at Port Hedland, in accordance with the scope of services set out in the 
contract between SKM and the Client. That scope of services, as described in this report, was 
developed with the Client. 

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

SKM derived the data in this report from information sourced from the Client (if any) and/or 
available in the public domain at the time or times outlined in this report. The passage of time, 
manifestation of latent conditions or impacts of future events may require further examination of 
the project and subsequent data analysis, and re-evaluation of the data, findings, observations and 
conclusions expressed in this report. SKM has prepared this report in accordance with the usual 
care and thoroughness of the consulting profession, for the sole purpose described above and by 
reference to applicable standards, guidelines, procedures and practices at the date of issue of this 
report. For the reasons outlined above, however, no other warranty or guarantee, whether expressed 
or implied, is made as to the data, observations and findings expressed in this report, to the extent 
permitted by law. 

This report should be read in full and no excerpts are to be taken as representative of the findings. 
No responsibility is accepted by SKM for use of any part of this report in any other context. 

This report has been prepared on behalf of, and for the exclusive use of, SKM’s Client, and is 
subject to, and issued in accordance with, the provisions of the agreement between SKM and its 
Client. SKM accepts no liability or responsibility whatsoever for, or in respect of, any use of, or 
reliance upon, this report by any third party. 
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Executive Summary 

Background 

BHP Billiton Iron Ore operates a port in the Port Hedland region of Western Australia. In recent 
times, BHP Billiton Iron Ore has experienced unprecedented demand for iron ore from overseas 
markets and is now embarking on a development program to cater for this increased demand. BHP 
Billiton Iron Ore is currently investigating a number of port development options, one of which is 
to develop an Outer Harbour at Port Hedland. The marine component of the proposed Outer 
Harbour Development will include dredging and the development of a new jetty/wharf structure, 
berths and ship loading infrastructure. 

The proposed Outer Harbour Development has the potential to impact upon marine benthic primary 
producers (BPPs) such as hard corals, seagrasses and macroalgae both directly (infrastructure 
insertion, dredging) and indirectly (dredging and spoil disposal plumes). 

The Environmental Protection Authority (EPA) recognises the importance of BPPs and benthic 
primary producer habitat (BPPH) in contributing to marine ecological functions and provision of 
environmental services (EPA 2004). Consequently, the EPA has produced Environmental 
Assessment Guideline No. 3, Protection of Benthic Primary Producer Habitats in Western 
Australia’s Marine Environment (EPA 2009), and Environmental Assessment Guideline No. 7, 
Marine Dredging Proposals (EPA 2010), to provide advice on the considerations that must be 
addressed by any proponent of a development that may negatively impact upon the suite of 
environmental services and ecological functions supported by the BPPH.  

Objectives 

The objectives of this marine subtidal BPPH Impact Assessment are to: 

 define the direct and indirect impacts related to the proposed Outer Harbour Development; 

 predict the spatial extent of impacts to BPPH within State waters; 

 calculate potential cumulative losses of BPPH within defined Local Assessment Units; 

 evaluate direct and indirect losses and impacts against the EPA’s EAG No. 3 and No. 7; 

 consider the BPPH in a regional context to determine its ecological significance; and 

 propose management strategies to minimise potential impacts to BPPH.  

 

Methods 

This report covers subtidal marine habitats and associated communities in State waters offshore 
from Port Hedland. All intertidal habitats along the coastline within the project footprint, including 
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inshore from Finucane Island, are covered by a separate intertidal BPPH assessment report 
(SKM 2009i). 

Predictive sediment plume modelling was undertaken by APASA to evaluate the extent of water 
quality perturbations resulting from dredging activities. Perturbations included increased total 
suspended solid concentrations and elevated sedimentation rates. In addition, threshold criteria 
based on tolerances of hard corals were applied to the modelling outputs such that impacts to 
benthic habitats and benthic communities could be determined. 

A number of Local Assessment Units were proposed within State waters of the proposed Outer 
Harbour Development area. The LAUs and their boundaries were provided to the EPA Marine 
Branch Service Unit in January 2011 and were accepted. The LAUs relevant to this assessment are 
LAUs 7, 8, 9, 14, 17, 18 and the established Port Hedland Industrial LAU1. 

The proposed and predicted losses and impacts to BPPH have been assessed in each LAU. The 
assessment has considered direct and indirect losses arising from the proposed Outer Harbour 
Development, and indirect impacts to communities. 

Outcomes 

Direct loss of BPPH (7.6 ha; 2.5% of LAU 8) will occur during construction of the marine 
infrastructure, and indirect loss of BPPH due to elevated sedimentation rates is predicted to also 
occur close to the dredging activities (140.3 ha; 45.6% of LAU 8). When accounting for historical 
losses in the Port Hedland Industrial LAU (4.17 ha) and LAU 8 (15 ha) this amounts to a 
cumulative loss of 167.1 ha of BPPH within State waters for the proposed Outer Harbour 
Development, primarily due to indirect losses arising from sedimentation in the Zone of High 
Impact. The predicted indirect losses due to increases in sedimentation rates in the Zone of High 
Impact will not result in the loss of the underlying hard substrate on which BPP’s grow. 

The ecological significance of the losses of BPPH arising from the proposed Outer Harbour 
Development is considered to be minimal. Hard corals were the most dominant BPP growing along 
the ridgelines that will be affected by dredging activities, and the dominant corals present are from 
the genus Turbinaria and from the families Faviidae and Poritidae. Based on the low species 
richness and abundance of corals and dominance of Turbinaria, coral communities that inhabit 
subtidal habitats in the Port Hedland region are high turbidity, high sedimentation adapted 
communities. In addition, the species and habitats affected are considered typical of the broader 
marine environment of the Pilbara region, and no new species have been recorded.  

                                                      

1 Previously known as the Port Hedland Industrial Area Management Unit, as identified in EPA (2001). 
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The nearest seagrasses are some 10 km to the south-west of the boundary of the Zone of Moderate 
Impact and lie within the Zone of Influence. No losses or impacts to seagrasses recorded within the 
proposed Outer Harbour Development area are predicted. 
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1. Introduction 
1.1. Project Overview 

BHP Billiton Iron Ore operates a port in the Port Hedland region of Western Australia. The current 
port operations consist of processing, stockpiling and shiploading facilities at Nelson Point and 
Finucane Island (referred to as the Inner Harbour), located on opposite sides of the Port Hedland 
Harbour.  

BHP Billiton Iron Ore is investigating a number of port development options to further extend 
capacity of its port operations, one of which is to develop an Outer Harbour at Port Hedland. 

The proposed Outer Harbour Development is expected to provide an additional nominal export 
capacity of approximately 240 Mtpa of iron ore from to BHP Billiton Iron Ore’s Port Hedland. The 
proposed expansion is planned to occur in stages. 

The Outer Harbour Development will involve the construction and operation of landside and 
marine infrastructure for the handling and export of iron ore. Landside development will include:  

 rail connections from the existing BHP Billiton Iron Ore mainline to proposed stockyards at 
Boodarie; 

 rail loops at Boodarie;  

 stockyards at Boodarie; and 

 an infrastructure corridor (including conveyors, access roadway and utilities) from the 
stockyards to a transfer station on Finucane Island that connects to a marine jetty.  

 

Key proposed marine structures and activities will include:  

 an abutment, jetty and wharf; 

 mooring and associated mooring dolphins; 

 transfer station and deck; 

 associated transfer stations, ore conveyors and ship loaders; 

 dredging for berth pockets, basins and channels; and 

 aids to navigation. 

 

1.2. Study Objectives 

The proposed Outer Harbour Development will have direct and indirect impacts on subtidal marine 
habitats in the Port Hedland offshore environment. As required by the Environmental Protection 
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Act, 1986, an assessment of the environmental impacts arising from the proposed project is to be 
made by BHP Billiton Iron Ore. 

This document presents an assessment of the subtidal habitats and associated benthic communities 
that will or could be impacted by the proposed Outer Harbour Development, and an outline of the 
activities causing the impacts. All intertidal habitats along the coastline within the project footprint, 
including inshore from Finucane Island and in the tidal creeks of the Port Hedland region, are 
covered by a separate intertidal BPPH assessment report (SKM 2009i). 

1.3. Structure of this Report 

This report comprises the following: 

 Section 2: an overview of the legislative and policy framework for assessment of 
environmental impacts to subtidal marine habitats; 

 Section 3: a description of the proposed construction and operation activities; 

 Section 4: a summary of the subtidal marine habitats within the project footprint; 

 Section 5: predictions of the likely behaviour and spatial distribution of dredge and dredge 
spoil disposal plumes and water quality threshold setting and rationale; 

 Section 7: interpretation of sediment plume modelling outputs; 

 Section 8: approach to assessment of impacts to benthic communities and benthic habitats; 

 Section 9: predicted impacts to benthic communities and benthic habitats arising from 
construction dredging and disposal activities; 

 Section 10: predicted indirect effects to benthic communities and benthic habitats from 
construction of nearshore infrastructure; and 

 Section 10: a summary of the environmental impact assessment provided in this document. 
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2. EPA Guidelines 
The Environmental Protection Authority (EPA) issues Environmental Assessment Guidelines 
(EAGs) which assist in the protection and management of sensitive environments in Western 
Australia. There are two EAGs relevant to the environmental impact assessment undertaken in this 
report: 

 EAG No. 3, Protection of Benthic Primary Producer Habitats in Western Australia’s Marine 
Environment, provides guidance on assessing potential impacts, including cumulative 
irreversible loss and serious damage to, benthic primary producer habitats in Western 
Australia’s marine environment; and 

 EAG No. 7, Marine Dredging Proposals, has been designed to impart clarity and consistency 
to the information presented to the EPA for the environmental impact assessment of marine 
dredging proposals through the provision of a single assessment framework. 

 

A brief summary of each EAG is provided in the sub-sections below. 

2.1. Environmental Assessment Guideline No. 3 

The geographic scope of EAG No. 3 covers all coastal waters of Western Australia, from the 
highest water mark to the intertidal zone associated with the mainland, islands and emergent reefs 
to the depth maxima for benthic primary producer habitats in the subtidal zone of these waters. 

In applying the intent of EAG No. 3 and ensuring that impact assessment is undertaken as intended 
by the EPA, a clear understanding of a number of terms is required: 

 Benthic primary producer habitats are functional ecological communities that inhabit the 
seabed within which algae (e.g. macroalgae, turf and benthic microalgae), seagrass, 
mangroves, corals or mixtures of these groups are prominent components. Benthic primary 
producer habitats also include areas of seabed that can support these communities. 

 Loss of benthic primary producer habitat would commonly be associated with activities such 
as excavation or burial. In almost all cases, these activities directly modify benthic primary 
producer habitat so significantly that impacted habitat would not be expected to recover to the 
pre-impact state and therefore the impact is irreversible. 

 Serious damage refers to damage to benthic primary producer habitat that is effectively 
irreversible or, where recovery is predicted, it is not predicted to occur within a 5-year 
timeframe.  

 



Port Hedland Outer Harbour Development 
Marine Subtidal Benthic Habitats Impact Assessment 
 

SINCLAIR KNIGHT MERZ 

I:\WVES\Projects\WV05024\Technical\200 Live PER Rev B\B Appendices\Appendix B2 BPPH Impact Assessment Subtidal M3\M3 Marine BPPH 
Impact Assessment Rev 1_clean_070411.doc PAGE 4 

2.2. Environmental Assessment Guideline No. 7 

The direct and indirect impacts of dredging on benthic communities and habitats are the primary 
concerns of EAG No. 7. Specifically, the main focus of EAG No. 7 is: 

 direct loss of benthic habitats and communities by removal or burial; and 

 indirect impacts on benthic habitats and communities from the effects of sediments introduced 
to the water column by the dredging. 

 

At a minimum, direct losses will occur within the footprints of dredged areas and some spoil 
grounds, and may extend to areas immediately surrounding infrastructure where acute or ongoing 
sediment-related impacts are expected to occur (e.g. sedimentation). Direct losses are considered 
irreversible unless a scientifically-sound case can be made for recovery within a timeframe of five 
years or less. 

Indirect impacts generally occur as a consequence of the intensity, duration and frequency of 
sediment-related pressure imposed on benthic biota such as: 

 Sediment in the water column (turbidity): reduces quality and quantity of light available at the 
seabed for photosynthesis, can clog feeding apparatus of filter feeders and deposit feeders and 
inhibit key ecological processes that occur in the water column (e.g. fertilisation of pelagic 
gametes, survivorship and competency of propagules). 

 Sediment deposited on the benthos (sedimentation): smothers biota, can cause abrasion of 
exposed tissues, can alter sea bed load or produce other effects similar to those caused by 
turbidity. 
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3. Project Description 
The proposed Outer Harbour Development will include the following key marine infrastructure and 
activities:  

 an abutment (on Finucane Island), jetty and wharf; 

 mooring and associated mooring dolphins; 

 associated transfer stations, ore conveyors and shiploaders;  

 berth pockets, basins and channels; and 

 aids to navigation. 

 

The marine infrastructure for the offshore loading facility will be constructed from Finucane Island 
in an approximately northerly direction with a new wharf constructed adjacent to the existing 
shipping channel. The marine infrastructure and activities are described in the following 
subsections and illustrated in Figure 3-1.  

3.1. Marine Jetty 

A steel piled jetty of approximately 4 km in length is proposed to be constructed from Finucane 
Island to the wharf. The jetty will support conveyors, maintenance services and a two lane roadway 
for vehicle access to the wharf. The jetty conveyors will be constructed to transfer ore material 
from the transfer station on Finucane Island to the transfer deck, then onto the wharf conveyors and 
into the shiploaders. 

The passage of recreational water craft under the elevated jetty trestle will be permitted at 
controlled locations, for the purposes of safety. 

3.2. Wharf Structure/Transfer Deck 

The proposed wharf structure and associated berthing and mooring dolphins will be located 
approximately 4 km north of Finucane Island. The wharf will be approximately 2 km in length and 
will be designed to accommodate: 

 shiploaders and shiploader rail system;  

 access roadway and access walkways; 

 maintenance bays;  

 the conveyor systems; 

 cyclone tie down facilities, and  

 support services (including amenities, offices etc).  
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Each stage of wharf development consists of two berths. The proposed transfer deck will be located 
at the end of the jetty and will connect to the wharf structure. The transfer deck will provide 
services and support facilities for construction, operational and maintenance personnel. 

3.3. Dredging and Spoil Disposal 

The construction of the proposed Outer Harbour Development will require dredging to enable 
vessel access to the wharf and for loaded vessels to depart to deep water.  

Dredging operations will create new berth pockets, swing/departure basins, a departure link 
channel to the existing shipping channel, a proposed departure channel, a cross-over link channel 
enabling access for departing, laden vessels from the Inner Harbour shipping channel into the new 
34 km long departure channel and a tug access channel from the existing channel into the berth 
pockets.  

The required depths will be approximately -22 m CD for the berth pockets, -23 m CD for the wharf 
footprint area, -11 m CD for the swing basins and -16 m CD for the departure basins, based upon a 
250,000 Dry Weight Tonnes (DWT) vessel. The swing basins, departure basins, berth pockets and 
up to 3 km of the new departure channel will be located in State waters, with the remainder of the 
departure channel being in Commonwealth waters. The depths along the departure channel will 
range from approximately -15 m to -17 m CD. 

The total volume of dredge spoil is estimated to be approximately 54 million cubic metres (Mm3) 
of material, including over-dredging. The majority of material can be removed by a trailing suction 
hopper dredger (TSHD). A smaller percentage of the material is harder substrate and will require a 
cutter suction dredger (CSD). Based on the geotechnical studies completed to date there have been 
no areas identified in the dredging footprint that would necessitate blasting operations for material 
extraction. Dredging operations will involve a workforce of up to 160 persons and be conducted 
24 hours per day, 7 days per week. It is proposed that dredging will occur in a staged manner, as 
follows: 

 Dredging of berth pockets, eastern swing and departure basins, a tug access channel and a link 
channel to the existing channel to provide two loading berths. 

 Dredging of the western swing and departure basins to provide two additional loading berths. 
This stage also includes the dredging works for the new 34 km departure channel and the 
crossover link channel. 

 Dredging for the extension of the wharf with additional berth pockets and the swing and 
departure basins to accommodate another four loading berths. 

 

The disposal of dredged material will be carried out in accordance with the Dredge and Spoil 
Disposal Management Plan. The suitability of a number of potential spoil locations has been 
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investigated and there are three preferred offshore locations which have been identified as part of 
the application for a Commonwealth Sea Dumping Permit (SKM 2009a). A separate spoil ground 
selection phase study report to describe the history of the process has been undertaken 
(SKM 2009b). All of these offshore spoil grounds will be located in Commonwealth waters in 
depths greater than -10 m CD. 

3.4. Construction of the Marine Infrastructure 

The construction of the proposed Outer Harbour Development is intended to be phased to match 
BHP Billiton Iron Ore’s future operational and capacity requirements.  

Construction of marine civil infrastructure will maximise the use of precast or prefabricated 
components. These components will be prepared offsite, shipped to Port Hedland and offloaded via 
a temporary offloading facility. Lay down areas on Finucane Island and at Boodarie will be utilised 
to temporarily store marine structures and equipment. 

At the jetty abutment, a temporary platform consisting of a structural truss or frame and supported 
by the piles and crossheads will be utilised to drive successive piles and to install and erect the 
structures for the first 3 km of the jetty structure. Construction of the jetty trestle will involve jack 
up barges for piling. Jack up barges and cranes will be used for erecting and installing structures. 
Overall, a total of approximately 1,200 piles will be driven over a period of approximately 24 
months for the jetty.  The pile installation method may require some drilling.  

Construction work is proposed 24 hours per day, 7 days per week, with favourable conditions. 
Piling activities will take place 24 hours a day, 7 days per week. It is proposed that physical piling 
is proposed to be 12 hours per day (7am to 7pm), 13 days per fortnight. Occasionally for safety 
reasons, there will be an allowance to continue piling activities up to 10 pm to accommodate the 
completion of a pile.  

Approximately 40 to 50 marine vessels will be used including supply boats, tugs, barges and other 
marine craft that transport supplies, materials, equipment, consumables and personnel.  
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3.5. Project Schedule 

The dredging involved in this project will be undertaken in three stages. Volumes of material to be 
dredged include over-dredge allowance of 1 m. The three stages and volumes from each area are as 
shown in Table 3-1. 

 Table 3-1: Outer Harbour Development Summary Schedule 

Dredge Area Surface Area Volume 
Disposal Location 

Approximate 
Distribution 

Basin and link to 
existing channel 

2.25 km2 22 Mm3 50% Spoil Ground 3 
50% Spoil Ground 7 

Basin extension, new 
channel and cross-link 
to new channel 

10.85 km2 25 Mm3 50% Spoil Ground 3 
45% Spoil Ground 7 
5% Spoil Ground 9 

Basin extension 1.06 km2 7 Mm3 50% Spoil Ground 3 
50% Spoil Ground 7 

Total 14.17 km2 54 Mm3  
 

3.6. Operation of the Marine Infrastructure 

Once completed, the proposed infrastructure will provide a nominal export capacity of 
approximately 240 Mtpa of iron ore. The marine loading facility will be capable of berthing and 
loading 250,000 DWT vessels with a design provision for 320,000 DWT vessels to berth and load 
in the future. Operational activities pertinent to benthic habitats include: 

 maintenance dredging of the access channel and navigational facilities; 

 vessel movement with associated propeller wash and sediment disturbance; 

 loading of iron ore; and 

 wastes, discharges and spills associated with vessels and infrastructure. 

 

Maintenance dredging and disposal of dredged material will be raised on an as-needed basis, as the 
need for maintenance dredging arises. Therefore, the impacts of maintenance dredging are not 
considered in this impact assessment. 

Impacts of vessel movements, loading of iron ore and wastes/discharges/spills may result in 
disturbances to the benthic communities. However it is not predicted that irreversible or indirect 
impacts to benthic habitats, as described by EAG No. 3 and EAG No. 7, will result from vessel 
movements. As such, consideration of the disturbances from these activities are addressed in 
Chapter 10 of the PER/EIS and are not considered in the environmental impact assessment 
undertaken in this report. 
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4. Benthic Communities and Habitats 
Provided below is a summary of the benthic habitats and communities observed and mapped within 
nearshore State waters of the footprint for the proposed Outer Harbour Development and the 
studies undertaken to define distribution of benthic habitats. Further detail on the existing marine 
environment, an overview of the benthic ecology of the region, and description of the surveys 
undertaken are provided in Chapter 6 of the PER/EIS. 

4.1. Studies Undertaken in Defining Benthic Habitat Distribution 

Surveys conducted within and adjacent to the proposed Outer Harbour Development area (‘study 
area’) were used to describe benthic habitats are summarised in Table 4-1. The survey effort 
included a total of 734 discrete observations using a number of techniques (Figure 4-1). 

 Table 4-1: Marine Investigations within the Proposed Outer Harbour Development Area 
Providing Benthic Habitat Data 

Task Description Number of 
Sites/Transects Date/Period Season 

Towed video transects (offshore of 
Finucane Island) 

3 July 2007 Winter 

Towed video transects 
(West of current dredge footprint) 

42 December 2007 Summer 

Sediment sampling 213 December 2007 – 
September 2008 

Various 

Diver video transects 
(throughout study area) 

52 January – May 2008 Summer, Autumn 

Spot dives 
(Aborted diver video transects) 

13 January – May 2008 Summer, Autumn 

Towed video transects  
(throughout study area) 

21 October 2008 Spring 

Towed video transects 
(between Weerdee & Downes Island) 

390 May 2009 Autumn 

Total  734   
 

4.1.1. Towed Video 

Surveys were conducted in winter 2007 (July), summer 2007 (December), spring 2008 (October) 
and autumn 2009 (May). 
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Winter 

In July 2007, benthic video footage was captured in the near-shore environment adjacent to 
Finucane Island. Three transects of approximately 1 km in length each were filmed parallel to the 
coastline in depths of 0, 3 and 5 m below LAT. 

Summer 

The December 2007 survey captured 42 towed video transects ranging in length from 0.5 to 6 km, 
which focused on a now discounted dredge footprint and potential spoil grounds to the west of the 
current footprint. The survey also included nearby ridgelines in an effort to identify potential hard 
coral habitat monitoring sites. Survey observations were used to inform the habitat modelling 
process. 

Spring 

In October 2008, after completion of preliminary habitat modelling, 21 sites were visited for 
ground truthing purposes. The data points were quantitatively analysed for habitat composition and 
density. These sites were spread throughout the study area across a mixture of predicted 
topography and substrates. The sites were situated in areas with relatively low densities of field 
data points to test habitat model predictions and to improve confidence in the final habitat map. 

Autumn 

In May 2009, a survey was conducted for BHPBIO Rapid Growth Project 6 (RGP6) to the west of 
Port Hedland Harbour in the embayment and creek system between Weerdee and Downes Islands 
(SKM 2009k). A total of 390 transects of 50 m in length each were filmed, spaced approximately 
200 m apart. The data were quantitatively analysed for habitat composition and density. 

4.1.2. Diver Video Transects 

From January to May 2008, 52 sites spread throughout the study area were surveyed by divers 
conducting video transects. At each site, three 50 m transects totalling an area of approximately 
60 m2 were filmed and quantitatively analysed. Divers also recorded observations of the benthic 
habitat surrounding transects at each site.  

Also during this period, 13 sites paralleling the coastline were visited with the intention of 
conducting diver video transects. As they were found to be bare sand or mud devoid of benthic 
habitat, video transects were not conducted but diver observations were recorded and used as inputs 
for habitat modelling. These sites are labelled as ‘spot dives’ on Figure 4-1.  



Port Hedland Outer Harbour Development 
Marine Subtidal Benthic Habitats Impact Assessment 
 

SINCLAIR KNIGHT MERZ 

I:\WVES\Projects\WV05024\Technical\200 Live PER Rev B\B Appendices\Appendix B2 BPPH Impact Assessment Subtidal M3\M3 Marine BPPH 
Impact Assessment Rev 1_clean_070411.doc PAGE 19 

Sponges are simple, multi-cellular animals that permanently attach themselves to substrate and can 
be found in a range of locations from shallow tidal waters to the deep ocean. Sponges are 
predominantly filter feeders that mostly consume food particles and bacteria in the water column 
and occasionally prey on small crustaceans when the abundance of particulate material in the water 
column is poor (Pile et al. 2003; Yahel et al. 2003, 2007). Some sponges have a symbiotic 
relationship with green algae, dinoflagellates or cyanobacteria from which they derive nutrients. 

Unlike hard corals, soft corals (octocorals) do not produce a calcium carbonate skeleton and are not 
colony-forming, although they are typically found in reef environments. They are simple multi-
cellular animals with a poly structure. Most live in nutrient rich waters with reduced light intensity. 
A few species of soft corals also support photosynthesising symbiotic algae.  

In the Port Hedland Harbour, sponges and soft corals are found on the limestone ridgeline systems 
and the island shoals. They commonly co-habit the ridgelines where hard corals are also found, 
forming a mosaic benthic community. 
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5. Dredge Plume Modelling 
Provided below is a summary of the approach to dredge plume modelling, and the modelling 
outputs used to predict impacts to benthic communities and habitats due to sediment plumes 
generated by construction dredging activities of the proposed Outer Harbour Development. For a 
more detailed account of this information, refer to Appendix A15 of the PER/EIS. 

Construction dredging for the proposed Outer Harbour Development includes the dredging of 
54 Mm3 of material to accommodate the construction of the channel and navigational facilities. 
Dredging is proposed to occur in a staged approach, resulting in 56 months of dredging over a five 
year period. A summary of the construction dredging activities, their timing and the associated 
volumes of material is provided in Table 5–1. 

 Table 5–1: Construction Dredging Activities, their Timing and Associated Volumes 

Stage Year Facilities 
Duration 
(months) 

Volume 
(Mm3) 

1 1–2 Berth pockets, eastern swing and departure basins, tug 
access channel, link channel 

24 22 

2 3–4 Western swing and departure basins, departure channel, 
crossover link channel 

25 25 

3 5 Extension for the wharf, additional berth pockets, swing and 
departure basins for four loading berths 

7 7 

Total 56 54 

 

Due to the range of sediment material types present, a combination of dredging methods is 
required. It is proposed that a trailing suction hopper dredger (TSHD) will be used for 
unconsolidated materials, while harder materials will first require cutting and/or crushing using a 
cutter suction dredger (CSD). Once consolidated material has been crushed by the CSD, the 
material will be left on the seabed and subsequently removed by the TSHD. 

In shallower areas to be dredged, it is proposed that the CSD will likely be required to dredge 
materials initially so that the water depths are deep enough for the TSHD to operate in these areas. 
Where this is the case, the material dredged by the CSD will be stockpiled in deeper water within 
the dredge footprint, from where the TSHD will subsequently remove the material once water 
depths sufficient for access. 

The dredging program will release sediment particles into the water column – suspended solids – 
resulting in a sediment plume. The extent of the sediment plume will be influenced by a range of 
factors including the dredging method, sediment characteristics of the area, ambient current 
movement, depth of water column and wind direction. The net effect of sediment particles being 
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seasons create a directional change in the plume. A net migration of sediment to the west is 
indicated by the middle of the dry season, while during the wet season the plume is advected in an 
east and north-east direction (Figure 5–3). 

  
 Figure 5–3: Stage 1 Dry Season (left) and Wet Season (right) of Year 1; 50th Percentile 

TSS Concentrations (in mg/L) 

 

The height of the wet season will bring a strong north-easterly movement to the plumes. The most 
extensive sediment plumes (extending over 80 km to the north-east of the source) with high TSS 
concentrations are predicted to occur during the wet season. The worst case wet season plume will 
be influenced by strong winds and large waves in combination with tidal currents, causing 
resuspension and dispersion of finer sediments. Late in the wet season the intensity of the plume to 
the north-east is expected to reduce, followed by a transitional period and reestablishment of the 
dry season pattern when the severity of high TSS concentrations abates. 

Highest TSS concentrations predicted during construction dredging and disposal activities of 
160 mg/L are predicted to occur approximately 0.5 m to 1.5 m above the seabed. These high TSS 
concentrations are likely to be highly localised occurrences, forming in small pockets along the 
coast due to transport and trapping of material in these areas, and compounded by further 
resuspension. 

Nearing the end of the main dredging component of Stage 2, the sediment plume is expected to 
shift further offshore due to the location of the dredging by this stage being concentrated in the 
outer part of the channel (Figure 5–4). 

Stage 3 of construction dredging and disposal activities is proposed to commence 15 months after 
completion of Stage 2 dredging and disposal activities. Due to this delay, no cumulative effects 
from the previous dredging and disposal activities of Stages 1 and 2 are expected. The seasonal 
behaviour of the sediment plume within Stage 3 is predicted to be very similar to that of the 
previous stages, with westward migration in the dry season (Figure 5–5), and north-easterly 
migration in the wet season (Figure 5–6). 
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 Figure 5–4: Stage 2 December to March of Year 4; 80th Percentile TSS Concentrations 

(in mg/L) 

  

 Figure 5–5: Dry Season – Stage 3 September to November of Year 5; 80th Percentile 
(left) and 50th (right) TSS Concentrations (in mg/L) 

  

 Figure 5–6: Wet Season – Stage 3 November to December of Year 5; 80th Percentile (left) 
and 50th Percentile (right) TSS Concentrations (in mg/L) 
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5.5. Modelling Results – Changes to Sedimentation Rates 

Modelling of sediment deposition indicates that the majority of the sediment will sink from the 
surface within a short distance from the construction dredging and disposal activities. However, 
with increasing inputs and spreading of the sediment particles, predicted deposits will extend 
progressively further away from these areas (Figure 5–7). 

  
 Figure 5–7: Stage 1 – 2 to 4 Months after Commencement (left) and 10 to 12 months 

later (right); 80th Percentile Sedimentation Rates (in kg/m2) 

The seasonal patterns in the sediment plume indicated by sedimentation rates show a similar 
directional trend to that predicted by TSS concentrations: westerly during the dry season and north-
easterly during the wet (Figure 5–8). Although the wet season conditions are predicted to result in 
greatest spread of increased sedimentation rates, the spatial extent of increased sedimentation 
greater than 0.1 kg/m2 is expected to be notably smaller compared to the spread of increased TSS 
predictions.  

 
 Figure 5–8: Wet Season – Stage 1 December to January 80th Percentile TSS 

Concentrations (mg/L; left) and Sedimentation Rates (in kg/m2; right) 

Although the predictions for sediment deposition over time indicate a progressive build-up of 
sediment particles, this trend is not expected to be consistent in the longer term. Periods of highly 
energetic hydrodynamic conditions that are predicted to create the most extensive sediment plumes 
as indicated by TSS concentrations show a far smaller plume distribution when modelled as 
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sedimentation. This is because much of the fine sediments will either remain suspended during this 
period or will be resuspended. This will result in a time lag between the worst TSS plume 
conditions occurring, caused by particles resuspended into the water column, and the worst 
sedimentation conditions caused by less energetic conditions that allow sediment particles to settle 
out of the water column (Figure 5–9).  

 
 Figure 5–9: Wet to Dry Transition – Stage 1 April to June 80th Percentile TSS 

Concentrations (mg/L; left) and Sedimentation Rates (in kg/m2; right) 

Areas of increased sedimentation are also predicted off Cape Thouin during the dry season and a 
shallow area near Turtle Island during the wet season (appearing as isolated patches in Figure 5–
10, left and right respectively). Because these sites have shoaling bathymetry and therefore have 
naturally increased wave exposure and current speeds, they are predicted to experience repeated 
resuspension and settlement of sediment that accumulates in the areas.  

The regular onshore-offshore pulsing of the tide is predicted to result in an onshore-offshore 
migration of suspended sediments released by the operations as well as resuspension of settled 
sediments. Because shear stresses decrease during slack tides at the end of the ebb and flood, there 
will be a resulting increase in the rate of settlement over the turning of the tides followed by an 
increased rate of resuspension as the tidal current speeds increase thereafter.  

The relatively strong tidal currents in shallow areas are predicted to establish sufficient shear stress 
at the seabed to inhibit settlement of finer sediment particles (clays and silts) onto the seafloor and 
to resuspend a proportion of fine particles that had previously deposited. Resuspension of finer 
sediment particles is also predicted to generate secondary surface plumes and to contribute to 
sedimentation rates along the shallow coastal margin. 
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 Figure 5–10: Stage 1 June to August (left) and Stage 2 February to April (right) 50th 

Percentile Sedimentation Rates (in kg/m2) 

 

5.6. Modelling Results – Sediment Disposal Areas 

The area of the proposed Outer Harbour Development is considered to be dispersive meaning that 
sediment particles naturally susceptible to resuspension will be moved away from the area over 
time. As such, relatively short period (30 days) model simulations of spoil disposal into alternative 
disposal areas indicated there will tend to be a migration of finer sediment particles (clays and silts) 
outside the bounds of the disposal areas. This is due initially to migration with the tide as these 
particles tend to be jetted into the water column after the descending plume generated by ocean 
disposal strikes the seabed. Habitats up to 10 to 15 km to the north-west and south-east of the 
disposal grounds are predicted to receive elevated TSS concentrations in the water column, and 
subsequently increased sedimentation. A greater net drift of spoil material is predicted for disposal 
into areas closer to shore than areas further offshore, indicating a response to the onshore steering 
of tidal currents with proximity to land. 

Over the longer term, the modelling predicted that material deposited in the disposal areas, which 
are located in water depths sufficiently shallow enough for storm swells to penetrate the seabed, 
will disturb the heavier sediment particles resulting in trapped fines being resuspended. Given that 
this circumstance is related to storms, resuspension of fines from disposal areas is likely to occur 
for several years after completion of construction disposal. 

5.7. Summary of Predicted Impacts 

Modelling of the construction dredging and disposal activities of the proposed Outer Harbour 
Development predicts that heavier sediment particles and a proportion of finer sediments will 
deposit around the dredging and disposal operations while finer sediments will deposit as thin 
layers, for short durations, over a wider area.  

The model predicted smaller sediment particles (silts and clays) as being susceptible to the 
prevailing levels of shear stress arising from tidal currents, causing sediment plumes to migrate and 
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disperse close the seabed (half a metre to a metre and a half above the bottom). In addition, daily 
cycles of settlement and resuspension of sediment are likely to occur due to the strong tides and 
influence of waves, with flooding and ebbing tides spreading the particles and plume in an onshore-
offshore direction. Over seasons, a net migration of finer particles to the east and north-east in 
summer months and west in winter months is predicted.  

Evaluation of sediment plume behaviour associated with dredge spoil disposal predicted a greater 
net drift of spoil material into areas up to 10 to 15 km closer to shore from disposal area 
boundaries, a response to the onshore steering of tidal currents with proximity to land. In addition, 
heavier sediment particles will be distributed during storm events in disposal areas located in 
shallower waters, resulting in trapped fines being resuspended. This will likely occur for several 
years after completion of construction disposal, and will be a function of the frequency of local 
storm events. 
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6. Interpreting Sediment Plume Modelling 
Outputs 

For a full account on the development of the approach used to interpret the sediment plume 
modelling outputs refer to Appendix A2 of the PER/EIS. 

6.1. Predicting the Impacts on Hard Corals Using Light Climate Thresholds 

The threshold values set to delineate the Zone of High Impact are based on TSS concentrations that 
occlude all light from reaching the benthic community. The threshold values set to delineate the 
Zone of Moderate Impact are based on TSS concentrations that will occlude 40% of light from 
reaching the benthic community.  

If these TSS concentrations occur frequently in a 14-day period then this period is termed a “low-
light” fortnight. If the “low-light” fortnights are consecutive then impacts on the hard coral 
community, as a sentinel to the broader benthic primary producer community, are assumed to have 
occurred. The actual number of consecutive reduced light fortnights that occur and the assigned 
loss of hard coral were determined using:  

 the literature available on the length of “low-light” periods which correspond to hard coral 
mortality; and 

 the periods of “low-light” the coral communities at Port Hedland experience from the baseline 
light climate data already collected, and the measures of mortality of these communities during 
and after the periods of “low-light”. 

 

The results of assessments outlined in Section 6.1 indicate:  

 hard coral communities show no signs of mortality after periods of 10 to 28 days of “low 
light”; and 

 hard coral communities at Port Hedland frequently experience “low-light” periods for 7 to 14 
days without any mortality. 

 

Based on these investigations values for hard coral losses due to reduction in the light climate were 
developed: 

 the Zone of High Impact is predicted to experience 100% coral loss if at any stage during the 
dredging program there is one period of four consecutive fortnights; and 

 the Zone of Moderate Impact is predicted to experience 0% coral loss if at any stage during the 
dredging program there is one period of four consecutive “low light” fortnights. 

These loss categories are not considered irreversible damage.  
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6.2. Predicting the Impacts on Hard Corals Using Sedimentation Thresholds 

Sedimentation thresholds have been estimated from baseline data collected from the Weerdee 
monitoring site (refer Chapter 6.4 of the PER/EIS) located in State waters on gross sedimentation 
rates to determine the Zones of High and Moderate Impact. Sedimentation rates in both the wet and 
dry seasons have been taken into account when interrogating the model outputs. 

Zones of High and Moderate Impact are based on the increases in sedimentation due to project 
activities in the State waters as described below: 

 the Zone of High Impact is predicted to encompass areas which experience twice the 
maximum background mean daily gross sedimentation rates in any 14 day period; and 

 the Zone of Moderate Impact is predicted to encompass areas which experience 1.1 times the 
maximum baseline mean daily gross sedimentation rates in any 14 day period. 

Provided in Table 6-1 are the daily sedimentation rates used to delineate the zones of high and 
moderate impact. For future information on the development of these thresholds refer to 
Appendix A2 of the PER/EIS. 

 Table 6-1: Decision Rules Based on Sedimentation for Defining the Zones of High and 
Moderate Impact 

Sedimentation Factor and Zone 

Daily Sedimentation Rates (kg/m2/d) 

Dry Season Wet Season 

Zone of Moderate Impact 0.07 0.73 

Zone of High Impact 0.13 1.32 

 

The data in the table above is based on the particle size distribution data collected from within 
sediment traps, and next to the sediment traps at each site, for comparison. On the seafloor 95% of 
the sediment PSD was found to be greater than 150 µm compared to only approximately 3% of the 
sediment in the trap consisting of sediment particles greater than 150 µm. This indicates that the 
majority of sediment collected in the traps does not settle under normal metocean conditions (e.g. 
non-cyclonic conditions).  

In the Zone of High Impact it is predicted that there will be a 100% loss of BPP underneath areas 
experiencing these sedimentation rates. BPP communities within these areas are predicted to be 
completely smothered by elevated sediment loads resulting in an irreversible loss. 

In the Zone of Moderate Impact there is predicted to be sub-lethal impacts (e.g. reduced 
photosynthetic activity, increased mucous production) to BPP communities within this zone. 
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6.3. Seagrass Health and Water Quality 

There is a general relationship between the depth at which seagrasses colonise and the light 
attenuation coefficient of the water. The relationship is log-based5, and shows that the colonisation 
depth rapidly declines as the water becomes more turbid. The data collected and tested against this 
relationship indicate that seagrasses can colonise to depths where more than 11% of surface 
irradiance is received (Hemminga & Duarte 2000). 

The limit at which the primary productivity of seagrass species is reached varies greatly between 
species, and within species occurring in different coastal habitats. Particularly, 11% of surface 
irradiance is very much an extreme critical limit for continued primary production for seagrasses 
broadly; much higher limits than this have been determined for other species (for example 24 to 
37% for Halodule wrightii and Syringodium. filiforme) (Hemminga & Duarte 2000). 

It is not only the light intensity experienced by the seagrasses that is important in maintaining 
primary productivity; the duration for which light-saturated photosynthesis is experienced is also 
important. As well, where species have become adapted to environments where ambient light 
conditions vary greatly due to seasonal effects (for example Halophila ovalis), the impacts 
resulting from anthropogenic perturbation to light climate may not be severe. The ability to cope 
with strong temporal variations in the light climate is often the result of the ability of the seagrass 
to store non-structural carbohydrates. 

It is with this conceptual approach that potential impacts to seagrasses in the proposed Outer 
Harbour Development area have been assessed, particularly considering that: 

 Halophila ovalis is adapted to environments with strong variations in the ambient light 
climate;  

 Halophila ovalis has the ability to store non-structural carbohydrates over peak growing 
periods;  

 Halophila ovalis has developed the ability to shed above ground biomass during low light 
periods and re-establish above ground biomass when improved light conditions return; and 

 in the project area, Halophila ovalis is found in shallow (-1 to -4 m CD) nearshore waters. 

 

                                                      

5 log Zc = 0.26 – 1.07 log K, where Zc is the colonisation depth (in m); K is the light attenuation coefficient 
(in m-1) (Hemminga and Duarte 2000). 
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7. Approach to Impact Assessment 
Provided in this section is an outline to the approach used in assessing the probable impacts to 
benthic communities and benthic habitats. This assessment has been undertaken in keeping with 
EAGs No. 3 and No. 7 (EPA 2009, 2010; refer to Section 2). As such, boundaries for Local 
Assessment Units (LAUs) have been determined and impacts considered within each where 
perturbations to water quality or removal/disposal of material is proposed. In addition, specific 
descriptions of the benthic ecology in the LAUs of interest with respect to the proposed project 
infrastructure, impacts arising from the proposed construction and operational activities and 
identified as ecologically significant to the region offshore of Port Hedland, are provided. Finally, a 
summary of historical losses of benthic habitat is also provided. 

7.1. Definition of Impacts 

The terms used in defining the nature of impacts to benthic communities and habitats are 
summarised in Table 7-1. In addition, the list of definitions provided by EAG No. 7 (EPA 2010; 
refer Table 7-2) have been adopted in this report. 

 Table 7-1: List of terms used to define impacts to benthic communities and benthic 
habitats 

Term Definition 

Loss Direct removal or destruction of BPPH. Considered to be irreversible. 
Damage Alteration to the structure or function of a community. 
Serious Damage Timeframe for full recovery is expected to be longer than five years. 
Minor Damage Timeframe for full recovery is expected to be less than five years. 

 

 Table 7-2: List of definitions as described in EAG No. 7 

Word or Phrase Definition 

Benthos Benthos are the organisms which live on, in, or near the seabed 
Dredge spoil Seabed substrate material after it has been excavated from the seabed 

Dredging 
Activities that involve excavation of the seabed from the upper intertidal zone to the 
subtidal zone. Dredging in the sense of the EAG No. 7 means both dredging and 
dredge spoil disposal activities 

Extent The area over which an impact extends 

Infrastructure 
Is taken to mean the areas developed by dredging. Shipping channels, turning 
basins, berth pockets, pipeline trenches, spoil disposal sites, sub-sea mine areas 
and land reclamations are some examples of infrastructure 

Irreversible Lacking a capacity to return or recover to a state resembling that prior to being 
impacted within a timeframe of five years or less 

Near real-time Refers to a system for monitoring and interpreting data where the time lag between 
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Word or Phrase Definition 

collecting monitoring data and responding is sufficiently short to be considered as 
immediate as practicable 

Persistence The period of time that an impact continues 
Prediction A forecast of future outcomes 

Pressure threshold Pressure thresholds signify a level of pressure (intensity, frequency and duration) 
that equates to a pre-defined level of impact in the biota of interest 

Recoverable See reversible 

Reversible A capacity to return or recover to a state resembling that prior to being impacted 
within a timeframe of five years or less 

Severity The degree of harm caused. For example, the degree of harm or severity of impact 
to biota could range from sub-lethal effects to mortality or loss 

State coastal water The State coastal waters extend three nautical miles seaward from the territorial 
baseline. EAG No. 7 applies to dredging or dredging-related impacts in these waters 

Uncertainty In relation to prediction is doubt or concern about the reliability of achieving 
predicted outcomes 

Source: EPA (2010) 

7.2. Dredging Induced Impacts on BPPH 

EAG No. 7 (EPA 2010) focuses on the direct loss of benthic habitats and communities by removal 
or burial, and the indirect impacts on benthic habitats and communities from the effects of 
sediments introduced to the water column by the dredging. Specifically, EAG No. 7 defines direct 
and indirect impacts as follows (EPA 2010; p. 13): 

 direct impacts are, for the most part, coincident with the footprint of infrastructure and the 
areas immediately around the infrastructure; and 

 indirect impacts arise when the pressure imposed by dredging exceeds the biota’s natural 
tolerance to that type of pressure. The severity of indirect impacts will range from irreversible 
to readily-recoverable effects. 

 

Section 8 presents BPPH loss assessments relating to direct loss of habitats and communities 
through removal due to construction of the marine infrastructure as proposed for the Outer Harbour 
Development, and indirect losses due to sedimentation. 

Indirect effects on benthic habitats and communities due to the effects of sediments introduced to 
the water column by dredging are presented in Section 9. 

7.3. Definition of Impact Zones 

EAG No. 7 requests that impact zones due to marine construction activities be provided as follows 
(EPA 2010; p. 19): 
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 Zone of High Impact (ZoHI): the area directly impacted (e.g. the channel and spoil disposal 
site) and a zone immediately about the proposed dredging and dumping areas where indirect 
impacts are predicted to be severe and irreversible. This zone defines the area where mortality 
of, and long term (i.e. months to years) serious damage to, biota and their habitats would be 
predicted. The impacts on the BPPHs and their habitats would be predicted. The impacts on 
the BPPHs within the ZoHI should be considered in the context of EAG No. 3; 

 Zone of Moderate Influence (ZoMI): abuts, and lies immediately outside of, the ZoHI. 
Within this zone sub-lethal effects on key benthic biota would be predicted, but there should 
be no long term damage to, or modification of, the benthic organism, the communities they 
form or the substrates on which they grow. Proponents should provide information about 
impacts in this zone both in the context of what would be impacted and what would be 
protected. The outer boundary of this zone is coincident with the inner boundary of the next 
zone, the Zone of Influence; 

 Zone of Influence (ZoI): the area where at some time during the proposed dredging and spoil 
disposal activities small changes in sediment-related environmental quality which are outside 
natural ranges might be expected however the intensity and duration is such that no detectable 
effects on benthic biota or their habitats should be experienced; and 

 Outer Boundary of the ZoI: the point beyond which there should be no dredging (or spoil 
disposal) related changes from natural conditions. This is the area where it would be 
appropriate to establish suitable reference sites for the purpose of monitoring potential effects 
of dredging in the ZoHI, ZoMI and ZoI. 

 
This approach has been applied in the assessment of impacts to BPPH as undertaken in this report. 
Specifically, the decision rules that have been used to determine the zones and/or their boundaries 
as outlined above are summarised in Table 7-3. Figure 7–1 illustrates the Zones of Impact within 
State waters for the proposed Outer Harbour Development. 

 Table 7-3: Decision Rules Used to Determine the Zones of Impact and their Boundaries 

Zone Description of Decision Rule 

ZoHI 

Anywhere that direct removal of BPPH is proposed to occur; where the benthic 
environment is predicted to experience one period of four consecutive “no light” 
fortnights (refer Section 6.1); and where twice the maximum background mean daily 
gross sedimentation rates is predicted to occur (refer Section 5.5). 

ZoMI 
Areas predicted to experience one period of four consecutive “low light” fortnights 
(refer Section 6.1); and where 1.1 times the maximum baseline mean daily gross 
sedimentation rates is predicted to occur (refer Section 5.5). 

ZoI Water column TSS concentrations are greater than 5 mg/L above background 
concentrations 

Outer Boundary 
of the ZoI 

Water column TSS concentrations are 5 mg/L or less above background at any point 
in time 
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7.4. LAU Boundaries 

The approach to assessing impacts to benthic communities and benthic habitats is spatially based. 
As defined in EAG No. 3 (EPA 2009; p. 7): 

‘The EPA has termed the areas within which to calculate cumulative losses6 Local Assessment 
Units (LAUs). The EPA is of a view that LAUs should normally be approximately 50 km2.’  

In accordance with this approach, LAU boundaries have been proposed to enable the assessment of 
cumulative impacts to subtidal marine benthic habitats due to the proposed Outer Harbour 
Development construction activities. The LAUs and their boundaries have incorporated the 
following considerations: 

 LAUs will be approximately 50 km2 in area; 

 as the LAUs are intended to assess impacts to subtidal benthic habitats, the lowest 
astronomical tide mark forms the shoreward boundary; and 

 the State waters boundary forms the seaward boundary of the LAU. 

The Office of the EPA Marine Ecology Branch was consulted on the 13th of January 2011 and is in 
agreement to the boundary setting approach described. 

                                                      

6 Cumulative impact is defined as the sum of all irreversible loss of, and serious damage to, benthic primary 
producer habitat caused by human activities since European habitation of Western Australia. In this context, 
cumulative impacts do not include changes to benthic primary producer habitat caused by natural 
disturbances. 
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The proposed LAUs and their boundaries are presented in Figure 7–2 and the total areas covered 
by each unit are provided in Table 7-4. The Port Hedland Industrial LAU7 is an existing LAU 
within the region and as such has been incorporated into the assessment framework as is. 

 Table 7-4: Proposed LAUs and their Boundaries for the Impact Assessment of Subtidal 
Benthic Habitats 

LAU 

Area 

in ha in km2 

1 4,289 42.89 
2 4,941 49.41 
3 3,580 35.80 
4 3,653 36.53 
5 4,411 44.11 
6 4,767 47.67 
7 4,651 46.51 
8 5,680 56.80 
Port Hedland Industrial LAU 898 8.98 
9 4,642 46.42 
10 4,438 44.38 
11 4,793 47.93 
12 4,821 48.21 
13 4,429 44.29 
14 4,264 42.64 
15 4,149 41.49 
16 4,109 41.09 
17 2,372 23.72 
18 6,800 68.00 

 

 

 

                                                      

7 Previously known as the Port Hedland Industrial Area Management Unit, as identified in EPA (2001). 
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7.5.3. LAU 8 – Project Footprint 

LAU 8 is 5,680 ha in area, of which 152 ha (2.7%) is hard substrate and 5,366 ha (94.5%) is 
sediments (Table 7-7). 

Three sites were surveyed within LAU 8 (Figure 7–5). Site BH1 is in the region of the proposed 
berth pockets and swing basin, and was characterised by low-relief hard pavement substrate 
covered by a thin layer of sand. It was classified as BPPH due to the presence of BPP comprising 
hard corals. The dominant benthic cover was sponge and BPP hard corals (encrusting and foliose 
forms). Site FR1 was another low-relief site, which was dominated by sandy substrate. This site 
had a low percentage of sponge and soft corals (less than 4%) and a low percentage cover of BPP 
hard coral (1.3%) and hydroids (1.1%). Site FR2 was found to have a substrate of silty sand 
mounds devoid of any epibenthic cover. 

 Table 7-7: Breakdown of BPPH and BPP Areas within LAU 8 

Component Area (in ha) Proportion of Area (%) 

Substrate 
Sediment 5,366 94.5 
Hard substrate 152 2.7 
Sediment covered hard substrate 141 2.5 
Undefined substrate 19 0.3 
Total 5,677 100 
BPPs 
Hard coral 93 1.6 
Macroalgae 165 2.9 
Total 258 4.5 
Non-BPPs 
Sponges 148 2.6 
Soft coral 56 1.0 
Sessile invertebrates 107 1.9 
Total 312 4.5 
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7.5.4. LAU 9 – East of Project Footprint 

LAU 9 is 4,642 ha in area, of which 55 ha (1.2%) is hard substrate and 4,549 ha (98.0%) is 
sediments (Table 7-8). 

Although the benthic habitat within the area represented by LAU 9 has not been comprehensively 
investigated, the predicted benthic habitats have been generated (refer Section 4.1.4 for detail; 
Table 7-8). Of the hard substrate present in the area, the greatest area of BPP predicted is for hard 
corals with a much smaller representation of macroalgae. Although non-BPPs of sponges, soft 
corals and sessile invertebrates are predicted to be present, these represent a very small proportion 
of the total area of the LAU (0.8%). 

 Table 7-8: Breakdown of BPPH and BPP Areas within LAU 9 

Component Area (in ha) Proportion of Area (%) 

Substrate 
Sediment 4,549 98.0 
Hard substrate 55 1.2 
Sediment covered hard substrate 25 0.5 
Undefined substrate 14 0.3 
Total 4,642 100 
BPPs 
Hard coral 76 1.6 
Macroalgae 17 0.4 
Total 93 2.0 
Non-BPPs 
Sponges 2 0.1 
Soft coral 6 0.1 
Sessile invertebrates 27 0.6 
Total 35 0.8 
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7.5.5. Port Hedland Industrial LAU 

The Port Hedland Industrial LAU is 898 ha in area, of which 162.73 ha (18.12%) was recorded as 
having biotic cover (Table 7-9). 

The subtidal marine environments of the Inner Harbour within the Port Hedland Industrial LAU are 
subject to harsh environmental conditions. Physical processes such as tidal flow, storm events and 
temperature influence the distribution of subtidal BPPH more so than the subtidal habitats of the 
open waters outside the Harbour entrance. In the Inner Harbour, both reef and sediment substrates 
support BPP communities. 

 Table 7-9: Breakdown of BPPH and BPP Areas within the Port Hedland Industrial LAU 

Component Area (in ha) Proportion of Area (%) 

Substrate 
Sediment 

707.49 78.79 
Hard substrate 
Sediment covered hard substrate 
Undefined substrate 
Total 898  
BPPs 
Hard coral 0.48 0.05 
Macroalgae 150.82 15.08 
Total 151.3  
Non-BPPs 
Filter feeders 11.10 1.24 
Soft coral 0.33 0.04 
Sessile invertebrates – – 
Total 11.43 1.28 

 

7.5.6. LAU 14 – De Grey Point 

LAU 14 is 4,264 ha in area, of which 145 ha (3.4%) is hard substrate and 3,946 ha (92.5%) is 
sediments (Figure 7–10). 

Although no field observations have been undertaken within LAU 14, the predicted benthic 
habitats have been generated (refer Section 4.1.4 for detail; Table 7-10). Of the hard substrate 
predicted to support BPPs, most is largely attributable to hard corals. Non-BPPs are largely 
represented by sessile invertebrates, although macroalgae, sponges and soft corals are also 
predicted to be present in combination forming a mosaic benthic community.  
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 Table 7-12: Breakdown of BPPH and BPP Areas within LAU 18 

Component Area (in ha) Proportion of Area (%) 

Substrate 
Sediment 11,236 90.5 
Hard substrate 531 4.3 
Sediment covered hard substrate 341 2.7 
Undefined substrate 306 2.5 
Total 12,415 100 
BPPs 
Hard coral 958 7.7 
Macroalgae 160 1.3 
Total 1,118 9 
Non-BPPs 
Sponges 160 1.3 
Soft coral 110 0.9 
Sessile invertebrates 471 3.8 
Total 741 6 
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8. Direct Impacts due to Marine Infrastructure 
The impacts to BPPH described in this section are predicted to occur within the Zone of High 
Impact. As such, they are all considered irreversible. 

The impacts detailed include historical impacts to BPPH (either estimated or recorded), the 
proposed BPPH losses due to removal during construction of the proposed marine infrastructure, 
and irreversible indirect impacts due to changes in water quality caused by the dredging activities. 
Finally, measures proposed to manage impacts predicted during marine construction activities are 
summarised. 

8.1. Historical Loss of BPPH 

In estimating historical loss of BPPH, it has been assumed that permanent loss has occurred only 
where substrate has been physically removed during the dredging of channels or where hard 
substrate has been smothered by spoil disposal grounds. 

Port Hedland has been an operating port since the late 1800’s, when a jetty was created to service 
the pastoral industry of the eastern Pilbara. Prior to 1965, the harbour was crescent-shaped and had 
a maximum depth of 9 m at its widest point near the southern end (Hope Downs Management 
Services 2002). In 1965, with the development of the iron ore industry in the region, dredging 
began to alter the natural bathymetry of the harbour. Since that time, modifications have included: 

 dredging of an approach channel to the harbour; 

 reclamation of East Creek to accommodate developments at Nelson Point; 

 construction of iron ore, salt and general cargo wharves; and 

 dredging of a turning basin and berthing pockets. 

 

Much of the development to date at Port Hedland has taken place inside the harbour, within the 
area of the tidal creek system, and impacts outside the mouth of the creek system have been 
confined to the shipping channel, spoil grounds and anchorages. Outside the harbour, dredge spoil 
has either been used for land reclamation or disposed of at the large spoil bank immediately to the 
east, north of the township. More recently, dredge spoil has been disposed of at offshore spoil 
grounds H, I and J (Table 8-1). The build up of sediment in the harbour channel requires 
maintenance dredging to be conducted every three to four years. Capital dredging for new projects 
has also occurred.  

The exact extent of historical BPPH loss due to previous dredging and spoil disposal activities is 
difficult to determine because there is no baseline habitat data or mapping available prior to the 
first dredging and disposal activities. The detailed habitat mapping carried out for the proposed 
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Outer Harbour Development is the first time the subtidal marine habitat offshore from Port 
Hedland has been quantified. This detailed habitat map aids in assessing the estimates for historical 
loss of BPPH. 

By interpreting where the existing channel has cut through hard substrate or ridgelines, 
approximately 15 ha of BPPH from the LAU 8 were removed.  

Spoil dredged from the entrance to the inner harbour was disposed to the east of the existing 
channel forming a large bank and an artificial sand spit to the north of the township, now known as 
‘spoil bank’. The spoil bank extends from the shore covering areas that would have been intertidal 
rocky platform and near shore bare sandy habitat. Again it is difficult to determine the exact extent 
of historical BPPH loss resulting from this spoil disposal. Assuming that the rocky intertidal area 
may have supported similar habitat to the area east of spoil bank, and the base of the spoil bank is 
approximately 1 km wide where it adjoins the beach to the north of the town, an area of 
approximately 5 to 10 ha may have been lost depending on the width of the platform.  

Historical spoil ground H was located on areas of bare sediment and generally avoided areas of 
limestone reef or substrate that would have supported BPPH.  

Due to the naturally harsh environment and a long history of anthropogenic impacts, the Inner 
Harbour was not considered to have substantial benthic communities. Consequently, direct and 
indirect impacts to BPPH for projects undertaken in the Inner Harbour had not been evaluated prior 
to Rapid Growth Project 6 (BHP Billiton Iron Ore 2009). 

The predicted impacts to subtidal BPPH in the Inner Harbour due to Rapid Growth Project 6 were 
due to the dredge footprint, where sparse macroalgal and filter feeding invertebrate communities 
had been identified. A total area of 4.17 ha or 2.19% of the total area of BPPH mapped (190.07 ha) 
was predicted and approved to be lost due to this project. 

Subsequent to the approval of Rapid Growth Project 6, the South West Creek Dredging and 
Reclamation Proposal has been released (EPA 2011). The proposal notes that indirect impacts to a 
small coral community in the western arm of South West Creek are predicted, due to the proximity 
to the dredging footprint and increases in water column turbidity and sedimentation rates. A loss 
for this BPPH however was not predicted. 

A summary of the discussion on likely or known historical losses that have occurred within the Port 
Hedland Industrial Management Unit are provided in Table 8-1. 
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 Table 8-1: Historical losses of BPPH (in ha and proportion (%) of the total area) 

LAU 
Estimated 
Original 

Area (ha) 
Historical Loss (ha) Historical Loss (%) EPA Category and 

Loss Threshold 

LAU 8 308 Access channel: 15 4.87 E – 10% 
Port Hedland 
Industrial LAU 190.07 RGP6: 4.17 

South West Creek: 0 
2.19 

0 E – 10% 

Totals 498.07 19.17 – – 

 

8.2. Direct Loss due to Marine Infrastructure Footprint 

Direct loss of BPPH will occur in the proposed Outer Harbour Development footprint from 
construction of the jetty and wharf, from removal of seabed during dredging of the berth area, 
turning basin and channel. The estimated areas of BPPH directly impacted by these activities are 
summarised in Table 8-2. 

 Table 8-2: Proposed Direct losses of BPPH (in ha and proportion (%) of the total area) 
due to the Marine Infrastructure Footprint 

LAU 
Total Area 
of BPPH 

(ha) 

Proposed Loss due to 
Infrastructure 

(ha) 

Total Loss 
(ha) 

Total Loss  
(%) 

EPA Category 
and Loss 
Threshold 

LAU 8  308 

Departure Channel:   0.0 
Link Channel:            0.0 
Jetty:                         1.9 
Berth Pockets &  
Turning Basin:           4.3 
Tug Channel:            1.4 

7.6 2.5 E – 10% 

 

The majority of the proposed channel appears to have been aligned to follow the deepest areas 
between the limestone ridgelines and thereby it has largely avoided hard substrate BPPH. The 
channel alignment can be clearly seen in the habitat mapping as being located over areas mainly 
comprising bare sandy habitat (Figure 8–2). The channel does however intersect limestone 
substrate near the harbour entrance.  

There are no proposed spoil grounds within State waters for the proposed Outer Harbour 
Development. The estimated impacts to BPPH arising from dredge spoil disposal are discussed in 
Section 10.3 of the PER/EIS. 



Port Hedland Outer Harbour Development 
Marine Subtidal Benthic Habitats Impact Assessment 
 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV05024\Technical\200 Live PER Rev B\B Appendices\Appendix B2 BPPH Impact Assessment Subtidal M3\M3 Marine BPPH Impact Assessment Rev 1_clean_070411.doc
 PAGE 69 

 Table 8-4: Total Cumulative Losses of BPPH (in ha and proportion (%) of the total area) due to the Proposed Outer Harbour 
Development 

LAU Total Area of 
BPPH (ha) 

Historical Loss 
(ha) Direct Loss (ha) Indirect Loss 

(ha) Total Loss (ha) Total Loss 
(%) 

EPA Category 
and Loss 
Threshold 

LAU 8 308.0 15.0 7.6 140.3 162.9 52.9 E – 10% 
Port Hedland 
Industrial LAU 190.07 4.17 – – 4.17 2.2 E – 10% 

Total 498.07 19.17 7.6 140.3 167.07 – – 

 

 Table 8-5: Predicted Actual Irreversible Losses of BPPH due to and Direct Removal and Indirect Loss 

Mosaic Benthic Group Average percentage cover 
(n =16) 

Total irreversible losses predicted 
by the model (ha) 

Actual irreversible losses 
predicted by baseline surveys 

(ha) 

Macroalgae 41.1 60.8 19 

Sponges 19.5 28.8 1.3 

Soft corals 3.5 5.2 0.2 

Hard corals 15.1 22.3 1.3 

Other (includes sessile 
invertebrates) 17.4 25.7 1.5 

 



Port Hedland Outer Harbour Development 
Marine Subtidal Benthic Habitats Impact Assessment 
 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV05024\Technical\200 Live PER Rev B\B Appendices\Appendix B2 BPPH Impact Assessment Subtidal M3\M3 Marine BPPH 
Impact Assessment Rev 1_clean_070411.doc PAGE 71 

8.5. Management of Impacts during Construction Dredging Activities 

The management measures to be used for the minimisation of impacts to marine BPPH during the 
proposed Outer Harbour Development have been drawn from management plans for the project. 

The management measures recommended fall into five categories: 

 controls around dredging and disposal equipment and methods to minimise impacts to marine 
water quality; 

 monitoring programs to assess the ongoing health of hard corals during the program; 

 thresholds around water quality and coral health that will serve as triggers for management 
action if exceeded; and 

 location of spoil grounds to minimise impacts to BPPH supporting BPP communities. 

 

These are detailed in the DSDMP management strategies relevant to management of marine BPPH: 

 Section 7.1 Benthic Habitat Management; 

 Section 7.4 Spoil Ground Management; and 

 Section 7.5 Waste Management. 
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9. Indirect Impacts to BPPH 
Indirect impacts on benthic habitats and communities from the effects of sediments introduced to 
the water column by dredging are discussed in this section. These impacts are predicted to occur 
within the ZoMI and as such all impacts discussed here are considered to be either sub-lethal or 
recoverable within a five-year timeframe. 

The results of the interrogation of the sediment plume model for impacts from elevated TSS 
concentrations indicated that the vast majority of these impacts will occur in Commonwealth 
waters. The indirect impacts presented in this section are constrained to those predicted to occur in 
State waters; indirect impacts to benthic communities and habitats in Commonwealth waters are 
presented in Section 10.3 of the PER/EIS. 

9.1. Water Quality Conditions in the Zone of Moderate Impact 

Water quality conditions in the ZoMI will include elevated concentrations of sediment particles in 
suspension (i.e. increased TSS concentrations) and, where calmer water conditions are experienced, 
the coarser particles in suspension will fall out resulting in elevated sedimentation rates (Figure 9–
1). 

As detailed in Section 5, modelling of the sediment plume predicted that heavier sediment particles 
and a proportion of finer sediments will deposit around the dredging and disposal operations while 
finer sediments will deposit as thin layers, for short durations, over a wider area. In particular, daily 
cycles of settlement and resuspension of sediment in the broader area are likely to occur due to the 
strong tides and influence of waves. It is this thinner layer of sediments, deposited, resuspended 
and dispersed on a daily basis that is the driver of indirect impacts in the ZoMI. 

Indirect impacts to the benthic ecology due to this thin layer of sediments redistributed on a daily 
basis will affect both benthic primary producers (BPPs) and non benthic primary producers (non-
BPPs).  
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occur close to the dredging activities (140.3 ha; 45.6% of LAU 8). When accounting for historical 
losses in the Port Hedland Industrial LAU (4.17 ha) and in LAU 8 (15 ha) this amounts to a 
cumulative loss of BPPH within State waters for the proposed Outer Harbour Development of 
167.1 ha of BPPH, primarily due to indirect losses arising from sedimentation in the ZoHI. The 
predicted indirect losses due to increases in sedimentation rates will not cause the loss of the 
underlying hard substrate on which BPPs grow. When taking into account the actual the percentage 
hard coral cover from baseline surveys of sites within State waters and comparing the predicted 
area of hard coral impacted (by the habitat model), the actual indirect losses due to increased 
sedimentation of hard corals is 1.3 ha (see Section 8.3.2). 

The ecological significance of the losses of BPPH arising from the proposed Outer Harbour 
Development is considered to be minimal. Hard corals were the most dominant BPP growing along 
the ridgelines that will be affected by dredging activities, and the dominant corals present are from 
the genus Turbinaria and from the families Faviidae and Poritidae. Based on the low species 
richness and abundance of corals and dominance of Turbinaria, coral communities that inhabit 
subtidal habitats in the Port Hedland region are high turbidity, high sedimentation adapted 
communities. In addition, the species and habitats affected are considered typical of the broader 
marine environment of the Pilbara region, and no new species have been recorded. 

The nearest seagrasses are some 10 km to the south west of the boundary of the ZoMI and lie 
within the ZoI. No losses or impacts to seagrasses recorded within the proposed Outer Harbour 
Development area are predicted. 

 



Port Hedland Outer Harbour Development 
Marine Subtidal Benthic Habitats Impact Assessment 
 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV05024\Technical\200 Live PER Rev B\B Appendices\Appendix B2 BPPH Impact Assessment Subtidal M3\M3 Marine BPPH 
Impact Assessment Rev 1_clean_070411.doc PAGE 80 

11. References 
AIMS (2009). Australia Institute of Marine Science Long Term Monitoring Program, Townsville. 
http://www.aims.gov.au/docs/research/monitoring/reef/reef-monitoring.html 

Airoldi L (2003). The effects of sedimentation on rocky coastal assemblages. Oceanography and 
Marine Biology: an Annual Review 41: 161–236. 

Anthony KRN (1999). A tank system for studying benthic aquatic organisms at predictable levels 
of turbidity and sedimentation: case study examining coral growth. Limnology and Oceanography 
44: 1415–1422 

Anthony KRN, Connolly SR and Hoegh-Guldberg O (2007). Bleaching, energetic, and coral 
mortality risk: Effects of temperature, light, and sediment regime. Limnology and Oceanography 
52: 716–726. 

APASA (2009). Quantum Project: Modelling of the Dredge and Spoil Disposal Programme, Fifth 
Draft, In Preparation for Sinclair Knight Merz by Asia Pacific ASA, Perth. 

BHP Billiton Iron Ore (2009). Port Hedland Nelson Point Dredging Environmental Referral 
Document. Prepared by BHP Billiton Iron Ore, April 2009. 

Birch WR and Birch M (1984). Succession and pattern of tropical intertidal seagrasses in Cockle 
Bay, Queensland, Australia: a decade of observations. Aquatic Botany 19: 343–367. 

Blakeway D and Radford BTM (2005). Scleractinian corals of the Dampier Port and inner 
Mermaid Sound: species list, community composition and distributional data. In: JA Stoddart and 
SE Stoddart (eds) Corals of the Dampier Harbour: Their Survival and Reproduction During the 
Dredging Programs of 2004. Pp. 1–11. MScience Pty Ltd, Perth. 

Bridges KW, Phillips RC and Young PC (1981). Patterns of some seagrass distribution in the 
Torres Strait, Queensland. Australian Journal of Marine and Freshwater Research 33: 273–283. 

Brown BE, Le Tissier MDA, Scoffin TP and Tudhope AW (1990). Evaluation of the 
environmental impact of dredging on intertidal coral reefs at Ko Phuket, Thailand, using 
parameters. Marine Ecology Progress Series 65: 273–281. 

Brown BE, Clarke KR and Warwick RM (2002). Serial patterns of biodiversity change in corals 
across shallow reef flats in Ko Phuket, Thailand, due to the effects of local (sedimentation) and 
regional (climatic) perturbations. Marine Biology 141: 21–29. 

Bureau of Meteorology (2008). Flood Warning System for the Tully-Murray Rivers. 
http://www.bom.gov.au/hydro/flood/qld/brochures/tully/tully.pdf 



Port Hedland Outer Harbour Development 
Marine Subtidal Benthic Habitats Impact Assessment 
 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV05024\Technical\200 Live PER Rev B\B Appendices\Appendix B2 BPPH Impact Assessment Subtidal M3\M3 Marine BPPH 
Impact Assessment Rev 1_clean_070411.doc PAGE 81 

Bureau of Meteorology (2009a). Tropical cyclones in Western Australia – Climatology. 
http://www.bom.gov.au/weather/wa/cyclone/about/climatology.shtml#frequency 

Bureau of Meteorology (2009b). Tropical cyclones Affecting Port Hedland. 
http://www.bom.gov.au/weather/wa/cyclone/about/pthed/index.shtml 

Cooper TF, Uthicke S, Humphrey C and Fabricius KE (2007). Gradients in water column nutrients, 
sediment parameters, irradiance and coral reef development in the Whitsunday Region, central 
Great Barrier Reef. Estuarine, Coastal and Shelf Science 74: 458–470. 

Edgar GJ (1997). Australian Marine Life. Reed Books, Victoria, Australia. 

EPA (2001). Guidance Statement No. 1: Protection of Tropical Arid Zone Mangroves along the 
Pilbara Coastline. Environmental Protection Authority, Perth, Western Australia. 

EPA (2009). Environmental Assessment Guidelines No. 3: Protection of Environmental Factors 
Benthic Primary Producer Habitats In Western Australia’s Marine Environment. Environmental 
Protection Authority, Perth, Western Australia. 

EPA (2010). Environmental Assessment Guidelines No. 7: Marine Dredging Proposals. 
Environmental Protection Authority, Perth, Western Australia. 

EPA (2011). South West Creek Dredging and Reclamation Proposal – Port Hedland Port 
Authority: Report and recommendations of the Environmental Protection Authority. Report 1380, 
January 2011. Environmental Protection Authority, Perth, Western Australia. 

Eriksson BK & Johansson G (2005). Effects of sedimentation on macroalgae: species-specific 
responsesare related to reproductive traits. Oecologia 143: 438–448. 

Falkowski PG and Dubinsky Z (1981) .Light and shade adaption of the Stylophora pistillata. A 
hermatypic coral from the Gulf of Eilat. Nature 289: 172–174. 

GHD (2006). Port of Point Hay departure path and apron areas capital dredging: final agency 
approved EMP. GHD Pty Ltd, Brisbane. 

Gilmour JP, Cooper TF, Fabricius KE and Smith LD (2006). Early warning indicators of change in 
corals and coral communities responding to anthropogenic stressors in the Pilbara, Western 
Australia. Environmental Protection Authority, Perth, Western Australia. 

Golbuu Y, Fabricius K, Victor S and Richmond RH (2008). Gradients in coral reef communities 
exposed to muddy river discharge in Pohnpei, Micronesia. Estuarine, Coastal and Shelf Science 76: 
14–20. 

Hemminga MA and Duarte CM (2000). Seagrass Ecology. Cambridge University Press. 



Port Hedland Outer Harbour Development 
Marine Subtidal Benthic Habitats Impact Assessment 
 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV05024\Technical\200 Live PER Rev B\B Appendices\Appendix B2 BPPH Impact Assessment Subtidal M3\M3 Marine BPPH 
Impact Assessment Rev 1_clean_070411.doc PAGE 82 

Holmes KW, Van Niel KP, Radford B, Kendrick GA and Grove SL (2008). Modelling the 
distribution of marine benthos from hydroacoustics and underwater video. Continental Shelf 
Research 28: 1800–1810. 

Hope Downs Management Services (2002). Hope Downs Iron Ore Project: Rail and Port Facility, 
Public Environmental Review. Hope Downs Management Services, Perth Western Australia. 

Huisman JM (2004). Marine benthic flora of the Dampier Archipelago, Western Australia. Records 
of the Western Australian Museum Supplement 66: 61–68. 

Huisman JM and Borowitzka MA (2003). Marine benthic flora of the Dampier Archipelago, 
Western Australia. In FE Wells, DI Walker and DS Jones (eds) The Marine Flora and Fauna of 
Dampier, Western Australia. Western Australian Museum, Perth. 

Lee Long WJ, Mellors JE and RG Coles (1993). Seagrasses between Cape York and Hervey Bay, 
Queensland, Australia. Australian Journal of Marine and Freshwater Research 44 19–31. 

Le Provost I, Semeniuk V and Chalmer D (1984). Environmental description of proposed dredge 
spoil grounds, Port Hedland, Western Australia. Prepared for Mount Newman Mining Company 
by Le Provost and Associates, Perth Western Australia, 46 pp. 

Marsalak DS (1981). Impact of dredging on a sub-tropical reef community, southeast Florida, 
U.S.A. Proc. 4th Int. Coral Reef Symp. Manila 1: 147–154. 

McArthur C, Ferry R and Proni J (2002). Development of guidelines for dredged material disposal 
based on abiotic determinants of coral reef community structure. Proceedings of the Third 
Specialty Conference on Dredging and Dredged Material Disposal. Coasts, Oceans, Ports and 
Rivers Institute of ASCE. 

Marine Parks and Reserves Selection Working Group (1994). A Representative Marine Reserve 
System for Western Australia, Report of the Marine Parks and Reserves Selection Working Group, 
Department of Conservation and Land Management, Government of Western Australia, Perth. 

MScience (2007). PLUTO LNG Development. Baseline Water Quality Assessment Report April 
2007. Report prepared for Woodside Energy Ltd by MScience, Perth Western Australia. 

Orpin AR, Ridd PV, Thomas S, Anthony KRN, Marshall P and Oliver J (2004). Natural turbidity 
variability and weather forecasts in risk management of anthropogenic sediment discharge near 
sensitive environments. Marine Pollution Bulletin 49: 602–612. 

Pendoley K, Chaloupka M and Prince RIT (in review). A positive conservation outlook for the 
most atypical marine turtle species in the world: The endemic flatback. Endangered Species 
Research. 



Port Hedland Outer Harbour Development 
Marine Subtidal Benthic Habitats Impact Assessment 
 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV05024\Technical\200 Live PER Rev B\B Appendices\Appendix B2 BPPH Impact Assessment Subtidal M3\M3 Marine BPPH 
Impact Assessment Rev 1_clean_070411.doc PAGE 83 

Schaffelke B, Thompson AA, Carleton JH, Cripps E, Davidson J, Doyle JR, Furnas MJ, Gunn K, 
Neale SJ, Skuza MS, Uthicke S, Wright M and Zagorskis IE (2008). Water Quality and Ecosystem 
Monitoring Programme – Reef Water Quality Protection Plan. Final Report 2007/08. Australian 
Institute of Marine Science, Townsville Australia, 153 p. 

SKM (2007a). Dredging Program for the Cape Lambert Port Upgrade – 85 Mtpa. Environmental 
Referral Document. Report prepared for Robe River Iron – Rio Tinto – by Sinclair Knight Merz, 
Perth Western Australia, March 2007. 

SKM (2007b). Cape Lambert Port Upgrade – 85 Mtpa. Dredging and Spoil Disposal Management 
Plan. Report prepared for Robe River Iron – Rio Tinto by Sinclair Knight Merz, Perth Western 
Australia. 

SKM (2007c).  Port Hedland Outer Harbour Development.  Geotechnical Environmental Sampling 
and Analysis. Report prepared for BHP Billiton Iron Ore by Sinclair Knight Merz, Perth Western 
Australia. 

SKM (2008a). BHPBIO Expansion Projects: Revised Historical Loss Estimates for Mangroves in 
the Port Hedland Industrial Area Management Unit and Assessment of Ecological Impact of 
Losses. Prepared by Sinclair Knight Merz, Perth Western Australia , 54pp. 

SKM (2008b). Woodside Energy Ltd, North West Shelf Phase 6 Expansion Mermaid Sound 
Subtidal Habitat Study, unpublished report. Prepared by Sinclair Knight Merz, Perth Western 
Australia. 

SKM (2008c) Cape Lambert Port B Development: Public Environmental Review. Report Prepared 
for Rio Tinto by Sinclair Knight Merz, Perth Western Australia. 

SKM (2008d). Cape Lambert Port B Development: Dredging and Spoil Disposal Management 
Plan. Report Prepared for Rio Tinto by Sinclair Knight Merz, Perth Western Australia. 

SKM (2009a). Port Hedland Outer Harbour Development: Sea Dumping Permit Application. 
Report prepared for BHP Billiton Iron Ore by Sinclair Knight Merz, Perth Western Australia. 

SKM (2009b). Port Hedland Outer Harbour Development: Spoil Ground Selection Study. Report 
prepared for BHP Billiton Iron Ore by Sinclair Knight Merz, Perth Western Australia, July 2009. 

SKM (2009c). Port Hedland Outer Harbour Development: Marine Benthic Habitat Survey. Report 
prepared for BHP Billiton Iron Ore by Sinclair Knight Merz, Perth Western Australia, 106 pp. 

SKM (2009d). RGP6 Port Facilities Selection Phase Study: Benthic Primary Producer Subtidal 
Habitat Mapping. Report prepared for BHP Billiton Iron Ore by Sinclair Knight Merz, Perth 
Western Australia. 



Port Hedland Outer Harbour Development 
Marine Subtidal Benthic Habitats Impact Assessment 
 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV05024\Technical\200 Live PER Rev B\B Appendices\Appendix B2 BPPH Impact Assessment Subtidal M3\M3 Marine BPPH 
Impact Assessment Rev 1_clean_070411.doc PAGE 84 

SKM (2009e). Port Hedland Outer Harbour Development Baseline Water Quality Report. Report 
prepared for BHP Billiton Iron Ore by Sinclair Knight Merz, Perth Western Australia, 52 pp. 

SKM (2009f). Port Hedland Outer Harbour Development: Dredging Environmental Lessons 
Learnt. Report in preparation for BHP Billiton Iron Ore by Sinclair Knight Merz, Perth Western 
Australia. 

SKM (2009g).  Port Hedland Outer Harbour Development: Baseline Coral Health Monitoring 
Report.  Report prepared for BHP Billiton Iron Ore by Sinclair Knight Merz, Perth Western 
Australia.  

SKM (2009h). Port Hedland Outer Harbour Development: Water Quality Thresholds. Report 
prepared for BHP Billiton Iron Ore by Sinclair Knight Merz, Perth Western Australia. 

SKM (2009i) Port Hedland Outer Harbour Development Marine Subtidal Benthic Primary 
Producer Habitat Impact Assessment. Report prepared for BHP Billiton Iron Ore by Sinclair 
Knight Merz, Perth Western Australia. 

SKM (2009j). Port Hedland Outer Harbour Development. Mangrove Management Plan. Report in 
preparation for BHP Billiton Iron Ore by Sinclair Knight Merz, Perth Western Australia. 

SKM (2009k). RGP6Port Facilities: Benthic Primary Producer: Reference Area Subtidal Habitat 
Mapping. Report prepared for BHP Billiton Iron Ore by Sinclair Knight Merz, Perth Western 
Australia. 

Stoddart, JA and Stoddart SE (Eds) (2005). Corals of the Dampier Harbour: Their Survival and 
Reproduction during the Dredging Programs of 2004. MScience Pty Ltd, Perth, Western Australia. 

Titlyanov EA and Latypov YY (1991). Light dependence in scleractinian distribution in the sub 
littoral zone of South China Sea Islands. Coral Reefs 10: 133–138. 

Turner SJ (1994). The biology and population outbreaks of the corallivorous gastropod Drupella on 
Indo-Pacific reefs. Oceanography & Marine Biology Annual Review. 32: 461–530. 

Turner JR, Boak R, Klaus R, Daby D and Hardman E (2006). Environmental impact assessment for 
coral reefs: advocating direct protective approaches. In IM Cote and JD Reynolds Coral Reef 
Conservation. Conservation Biology 13, Cambridge University Press, Cambridge, United 
Kingdom. 

Turner DJ (2004). Effects of sedimentation on the structure of a phaeophycean dominated 
macroalgal community. PhD Thesis, Department of Environmental Biology, University of 
Adelaide, South Australia. 



Port Hedland Outer Harbour Development 
Marine Subtidal Benthic Habitats Impact Assessment 
 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV05024\Technical\200 Live PER Rev B\B Appendices\Appendix B2 BPPH Impact Assessment Subtidal M3\M3 Marine BPPH 
Impact Assessment Rev 1_clean_070411.doc PAGE 85 

Walker DI and Prince RIT (1987). Distribution and biogeography of seagrass species on the north-
west coast of Australia. Aquatic Botany 29: 19–32. 

Waycott M, Collier C, McMahon K, Ralph P, McKenzie L, Udy J and Grech A (2007). 
Vulnerability of seagrasses in the GBR to climate change. In J Johnson and P Marshall (eds) 
Assessing Climate Change Vulnerability of the Great Barrier Reef. Great Barrier Reef Marine Park 
Authority, Townsville, Queensland. 

Willis BL, Page CA and Dinsdale EA (2004). Coral disease on the Great Barrier Reef. In E 
Rosenberg and Y Loya (eds) Coral Disease and Health. Springer-Verlag, Berlin, pp 69–104. 

Wolanski E, Fabricius KE, Cooper TF and Humphrey C (2008). Wet season fine sediment 
dynamics on the inner shelf of the Great Barrier Reef. Estuarine, Coastal and Shelf Science 77: 
755–762. 

 




