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Invitation to make a submission 
The Environmental Protection Authority of Western Australia (EPA) invites people to make a 
submission on this proposal. Both electronic and hard copy submissions are most welcome. 

Fremantle Ports proposes to deepen the Deep Water Channel, Entrance Channel and Inner Harbour 
at the Fremantle Port to allow 14 m draft ships to utilise the Inner Harbour.  The proposal includes 
reclaiming an area of seabed at Rous Head and disposal of some dredged material in a proposed 
spoil ground near the Entrance Channel.  

In accordance with the Environmental Protection Act 1986 (EP Act), a Public Environmental 
Review (PER) has been prepared which describes this proposal and its likely effects on the 
environment.  The PER is available for a public review period of six weeks from 19 January 2009 
closing on 2 March 2009. 

Comments from government agencies and from the public will help the EPA to prepare an 
assessment report in which it will make recommendations to government. 

Why write a submission? 
A submission is a way to provide information, express your opinion and put forward your 
suggested course of action – including any alternative approach.  It is useful if you indicate any 
suggestions you have to improve the proposal. 

All submissions received by the EPA will be acknowledged.  Submissions will be treated as public 
documents unless provided and received in confidence, subject to the requirements of the Freedom 
of Information Act 1992 (FOI Act), and may be quoted in full or in part in the EPA’s report. 

Why not join a group? 
If you prefer not to write your own comments, it may be worthwhile joining a group interested in 
making a submission on similar issues.  Joint submissions may help to reduce the workload for an 
individual or group, as well as increase the pool of ideas and information.  If you form a small 
group (up to ten people) please indicate all the names of the participants.  If your group is larger, 
please indicate how many people your submission represents. 

Developing a submission 
You may agree or disagree with, or comment on, the general issues discussed in the PER or the 
specific proposal.  It helps if you give reasons for your conclusions, supported by relevant data.  
You may make an important contribution by suggesting ways to make the proposal more 
environmentally acceptable. 
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When making comments on specific elements of the PER: 

 Clearly state your point of view; 

 Indicate the source of your information or argument if this is applicable; and 

 Suggest recommendations, safeguards or alternatives. 

Points to keep in mind 
By keeping the following points in mind, you will make it easier for your submission to be 
analysed: 

 Attempt to list points so that issues raised are clear. A summary of your submission is helpful; 

 Refer each point to the appropriate section, chapter or recommendation in the PER; 

 If you discuss different sections of the PER, keep them distinct and separate, so there is no 
confusion as to which section you are considering; and 

 Attach any factual information you may wish to provide and give details of the source. Make 
sure your information is accurate. 

Remember to include: 

 Your name; 

 Address; 

 Date; and 

 Whether, and the reason why, you want your submission to be confidential. 

Information in submissions will be deemed public information unless a request for confidentiality 
of the submission is made in writing and accepted by the EPA.  As a result, a copy of each 
submission will be provided to the proponent but the identity of private individuals will remain 
confidential to the EPA. 

The closing date for submissions is: 2 March 2009. 

The EPA prefers submissions to be made electronically using one of the following: 

 The submission form on the EPA’s website:  www.epa.wa.gov.au/submissions.asp; 

 By email to:  submissions.eia@dec.wa.gov.au; 

 By email to the officer:  tania.ashworth@dec.wa.gov.au. 

Alternatively, submissions can be: 

 Posted to: Chairman, Environmental Protection Authority, Locked Bag 33, CLOISTERS 
SQUARE  WA  6850, Attention:  Tania Ashworth; or 
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 Delivered to: the Environmental Protection Authority, Level 4, The Atrium, 168 St Georges 
Terrace, Perth, Attention:  Tania Ashworth; or 

 Faxed to (08) 6467 5562. 

 
If you have any questions on how to make a submission, please ring the EPA assessment officer, 
Tania Ashworth on 08 6467 5577. 

Public Display and Availability of the Draft PER 
Copies of the PER are available from: 

 
 Fremantle Ports 

1 Cliff Street, 
Fremantle, WA 6959 
Telephone 08 9430 3555 

 

A CD version of the PER/ERMP can be obtained from the above address. 

Copies may also be downloaded from www.fremantleports.com.au and are available for 
examination at: 

• Department of Environment and 
Conservation 
Library/Reading Room 
4th Floor, The Atrium 
168 St Georges Tce, Perth 

• Alexander Library 
Perth Cultural Centre 
Francis Street, Perth 

• City of Fremantle Library 
8 William Street 
Fremantle 

• Fremantle Ports 
1 Cliff Street 
Fremantle  

• Spearwood Public Library 
9 Coleville Crescent  
Spearwood 

• Kwinana Public Library  
Hub Shopping Centre 
Kwinana  
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Executive Summary 

Introduction 
Fremantle Harbour is located on the southwest coast of Western Australia, 22 km south of the City 
of Perth. Fremantle Ports is proposing to deepen the Deep Water Channel, Entrance Channel and 
Inner Harbour to allow 14 m draft ships to utilise the Fremantle Inner Harbour, and also proposing 
to reclaim an area of seabed at Rous Head.  To achieve this, the following work is proposed: 

 Construction of a sea wall at Rous Head to establish a reclamation area; 

 Dredge the Inner Harbour, the Entrance Channel and the Deep Water Channel; 

 Relocate dredge material from the Inner Harbour and the inner section of Entrance Channel for 
reclamation of approximately 27 ha at Rous Head; and 

 Relocate dredged material from the Deep Water Channel and the remainder of the Entrance 
Channel to a proposed offshore spoil ground located in Gage Roads. 

An overview of the location of key components of this proposal are shown on Figure ES 1. A 
marine chart of the project area showing the Deep Water Channel dredging location and dredge 
spoil ground is shown on Figure ES 2. 

Capital dredging of the Inner Harbour and Entrance Channel will generate a total volume of 
approximately 2 million (M) m3 of spoil.  The location of the proposed Inner Harbour and Entrance 
Channel dredging areas is shown on Figure ES 3. The location of the proposed land reclamation 
area is also shown on Figure ES 3. The volume of material dredged from deepening the Deep 
Water Channel will be in the order of 1.1 Mm3.  

Subject to availability of dredgers, dredging is proposed to commence in 2009 and continue for 
approximately 20 weeks. Dredging works will be continuous and operations will occur 24 
hours/day, seven days per week for the duration of the works.   

The key characteristics of the ‘Fremantle Ports Inner Harbour and Channel Deepening, 
Reclamation at Rous Head and Offshore Placement of Dredged Material’, (referred to as the ‘Inner 
Harbour Deepening Project’), are outlined below in 6HTable ES 1. 

 Table ES 1  Key Characteristics of Fremantle Ports’ Inner Harbour Deepening Project  

Component Description 

Construction of Sea Wall at Rous Head   20 weeks construction to establish land reclamation area. 

Duration of Dredging  20 weeks 

Deepening of Fremantle Port Inner 
Harbour  

 Dredging to a depth of RL -15.0 m (Low Water Mark 
Fremantle (LWMF)). 

 Removal of approximately 0.9 Mm3 of dredged material. 
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Component Description 

Deepening of the Entrance Channel  Dredging to depths between RL -16.1 m and RL -16.8 m 
(LWMF). 

 Removal of approximately 1.1 Mm P

3
P of dredged material. 

Rous Head  Placement of dredged material for reclamation of an area 
of 27 ha of seabed. 

 Construction of a protective seawall 1000 m long. 
Deepening of Deep Water Channel  Dredging to depths between RL -16.5 and RL -18.0 m 

(LWMF) within an area up to 169 ha. 
 Removal of approximately 1.1 Mm P

3
P of dredge material. 

Proposed Offshore Spoil Ground  Placement of approximately 1.45 Mm P

3
P of dredged 

material within an area of approximately 150 ha (1.5 km2) 
located north of Gage Roads 
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Reclamation and further development of Rous Head is consistent with the sustainable planning for 
the working port as outlined in the Fremantle Ports’ Inner Harbour Port Development Plan and the 
Rous Head Structure Plan.  Furthermore, establishment of an offshore disposal location is 
consistent with Fremantle Ports’ long-term operations.  Where possible material obtained from 
maintenance dredging operations is scheduled for re-use by Fremantle Ports (e.g. for reclamation or 
supply to Cockburn Cement Ltd), however opportunities for future re-use are limited.  

The Draft Public Environmental Review (PER) presents the findings and conclusions of an 
environmental review for the proposed dredging and reclamation works.  It includes an assessment 
of the existing baseline environmental conditions, details of ongoing baseline survey work, and 
environmental impact assessment results.  Also detailed are the proposed impact mitigation and 
management measures as well as ongoing monitoring plans proposed by Fremantle Ports, to 
minimise the environmental impacts to As Low As Reasonably Practicable (ALARP).  These 
impact mitigation and management measures will be developed further in detailed Environmental 
Management Plans including a Construction EMP (CEMP) for the Rous Head sea wall and a 
Dredge Spoil Dumping Management Plan (DSDMP). A draft DSDMP is included in this PER 
document, and will be revised where necessary to be consistent with any future changes in 
dredging or spoil management methodologies that may be proposed by the (yet to be appointed) 
dredging contractor. 

Environmental Approvals Process   
The Inner Harbour Deepening Project was referred to the Western Australian Environmental 
Protection Authority (EPA) by Fremantle Ports in November 2005 for formal determination of the 
level of assessment required under Part IV of the Environmental Protection Act 1986.  Fremantle 
Ports was advised on 28th December 2005 that the proposal should be formally assessed at the PER 
level of assessment.   

As part of the requirements of the PER level of assessment, Fremantle Ports submitted an 
Environmental Scoping Document (ESD), describing the key environmental factors and the 
environmental investigations to be undertaken, to the EPA in 2005.  This Draft PER has been 
prepared in accordance with the final approved ESD, (approved in January 2008), and will be 
available for public comment and stakeholder review for a period of six weeks.   

Following the public comment period, Fremantle Ports will formally respond to issues raised in a 
Supplement to the Draft PER.  This document together with the Draft PER, will constitute the Final 
PER.  The EPA will review the documents and submit its report and recommendations to the 
Western Australian Minister for the Environment.  At the conclusion of the assessment, the 
Minister for the Environment will issue a statement detailing whether the proposal may be 
implemented, and if so, under what conditions.   
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Submissions 
An invitation to make a submission, including details of how and when to lodge the submission, is 
provided at the front of this Draft PER document. 

Consultation 
Fremantle Ports’ mission is to facilitate trade in a sustainable way. Maintaining a good and 
constructive relationship with the community is an essential part of achieving this goal. Fremantle 
Ports has a proactive community/stakeholder liaison program and has undertaken consultation on a 
number of major infrastructure projects in recent years, with consultation on the Inner Harbour 
Deepening Project currently in progress.   

Community, government and industry briefings/discussions have been undertaken on the Inner 
Harbour Deepening Project over the past two years. Consultation on the project has been undertaken 
with the Project Steering Committee comprising representatives of the Department of Planning and 
Infrastructure (DPI), Department of Treasury and Finance (DTF), Department of Industry and 
Resources (DoIR), WA Chamber of Commerce and Industry, Seafreight Council of Western 
Australia and Shipping Australia. 

An independently facilitated community/industry workshop was held by Fremantle Ports on 5th 
December 2007 for input on environmental and social issues for the draft PER document.  

The project has been discussed on a number of occasions with Fremantle Ports’ widely 
representative Inner Harbour Community Liaison Group which has been meeting quarterly for the 
past decade as a forum for information exchange and for consultation on Fremantle Ports’ forward 
plans and operational issues. The Project has also been discussed on several occasions with 
Fremantle Ports’ equivalent group in the Outer Harbour area, the Kwinana Liaison Group. These 
groups have representatives from local government, community and special interest groups and 
industry bodies. 

There has also been formal consultation with Aboriginal Elders on the Inner Harbour Deepening 
Project and the Department of Indigenous Affairs (DIA) and consent under Section 18 of the 
Aboriginal Heritage Act 1972 has been obtained. 

Existing Marine Environment 
Fremantle lies in Australia’s southern temperate zone, experiencing a Mediterranean climate, i.e. 
cool wet winters and warm dry summers.  The proposed works are to be carried out at the mouth of 
the Swan River and adjacent offshore environment.    

The Inner Harbour is well protected from ocean swells and water movement here is mostly due to 
tidal movements and the seasonal flow of the Swan River.  The Deep Water Channel and proposed 
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offshore spoil ground are given some protection from the prevailing south westerly swell by the 
islands and reef systems between Garden Island and Rottnest Island.  Sea conditions here are more 
locally driven by the wind direction and strength.  

Fremantle Ports has monitored water and sediment quality since 2001 within the Inner Harbour, 
Rous Head and the Outer Harbour as part of its bi-annual Marine Quality Monitoring Programme 
(MQMP).  Some inner harbour and entrance channel sediments were found to contain contaminants 
resulting from the local history of industrial and maritime activities. These sediments are suitable 
for containment in the base of the land reclamation area at Rous Head. 

Baseline water and sediment quality data in the project area has also been collected by SKM to 
specifically address issues arising from the impact assessment process.  Specific baseline water 
quality monitoring has been undertaken for this project since October 2007 in three key locations 
within the Project area – i.e. Hall Bank (coral area), the proposed offshore spoil ground, and north 
of Rous Head (reclamation area).  Sediment sampling has characterised sediments in the dredge 
areas (i.e. Inner Harbour and Entrance and Deep Water Channels), at the proposed spoil ground and 
at Rous Head to determine suitability for offshore disposal and land reclamation in accordance with 
the relevant guidelines. 

Marine Habitats  

The benthic nearshore habitats to the south of the river mouth are dominated by seagrass in the 
sheltered waters such as Cockburn Sound and on the Parmelia Bank and Success Bank. To the 
north, nearshore habitats are dominated by macro algae on more exposed limestone platforms.  The 
environment to the north of the river is more dynamic, being less sheltered by offshore islands and 
shoals, and many areas have shifting sands which occasionally cover the limestone platforms 
causing the smothering of habitats present. 

During the habitat mapping exercise for the Project Area, there were no observations of Benthic 
Primary Producer Habitat (BPPH), e.g. coral, seagrass or macroalgal communities, located within 
the Inner Harbour.  Furthermore, BPPH was virtually absent from the Entrance Channel area.  
Regular maintenance dredging and shipping movements in the Inner Harbour and Entrance 
Channel cause disturbance to sediments in these areas and may inhibit establishment of BPPH 
communities. The seabed in the area to be reclaimed at Rous Head comprises coarse sand over 
limestone pavement.  Exposed areas of pavement are seasonally covered with macroalgae.  Small 
isolated patches of seagrass (comprising Halophila ovalis, Posidonia spp. and Amphibolis spp.) 
also occur at low densities within the area, but the area does not support seagrass meadows.    

Preliminary investigations of benthic habitat within the Deep Water Channel show that the sea 
floor is primarily comprised of sandy sediments and interspersed with limestone pavement outcrops 
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supporting macroalgae.  Seagrass of varying density is present in the sand at some locations. The 
proposed spoil ground has been surveyed through diving and drop-video methods and was found to 
be largely devoid of benthic flora, with the exception of a few small patches of individual 
Halophila ovalis seagrass. 

Hall Bank is the only area of diverse and abundant coral community assemblage within the project 
area.  Percentage of coral cover is very high in some areas of the Bank, with Favites/Goniastrea 
spp. identified as the most abundant species at all depths. Other coral species identified include 
Favia favus and Goniastrea australensis.   The location of the key Benthic habitat features is 
shown on Figure ES 4  

A search of the Commonwealth Department of Environment, Water, Heritage and the Arts 
(DEWHA) Protected Matters Search Tool indicated 26 threatened species, 19 migratory species, 51 
listed marine species that may occur in the project area.   

The peak northern migration of humpback whales (Megaptera novaeangliae) occurs offshore of 
Perth along the 200 m contour during winter (mid June to late July).  The northern migration does 
not bring whales into the Port of Fremantle waters or the proposed Spoil Ground.  The peak 
southern migration of humpback whales occurs during mid September through November. Females 
with calves are commonly seen during this period resting in the sheltered Perth waters between 
Rottnest Island and the mainland.  Southern right whales (Eubalaena australis) are occasionally 
seen in the Perth Metropolitan waters between mid May to the end of September but the area is not 
recognised as a breeding or resting area.   

The bottlenose dolphin (Tursiops truncates) is the most abundant dolphin species found in the 
Perth metropolitan waters all year round.  There is a resident group of these dolphins which use the 
Inner Harbour for passage on a daily basis all year round.  

The Inner Harbour provides an important pathway for the migration of fish, crabs and prawns 
between the Swan River estuary and the ocean and many species of fish spend the winter in the 
estuary. 
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Existing Terrestrial and Social Environment 
The Inner Harbour provides modern deepwater facilities for handling container trade, break bulk 
vessels, livestock exports and motor vehicle imports. It also accommodates cruise ships and 
visiting naval vessels.   The terrestrial environment, encompassing the Inner Harbour and Rous 
Head, is deemed to have little ecological value as it is designated as port-based industrial and 
commercial facilities. Fremantle Ports is responsible for a land area of 155 ha in the Inner Harbour 
area and 57 ha in the Outer Harbour area and an area of water covering 383 square km.  The Inner 
Harbour includes three locations: Victoria Quay, North Quay and the Rous Head Industrial Park. 
North Quay has the largest area of approximately 86 hectares, with Victoria Quay having 26.2 
hectares and the Rous Head Industrial Park 43.2 hectares. Flexibility in the use of port land is an 
important factor in the port's competitiveness. 

The Deep Water Channel, located north of Gage Roads and east of Rottnest Island, has been used 
as a shipping channel for approximately 50 years.  The proposed offshore spoil ground lies due 
west and north of the main Fremantle shipping channel, within an ‘offshore mooring area’ formally 
designated by Fremantle Ports.  Discussions between the Harbour Master and Fremantle Ports have 
indicated that the seabed can be raised in this area and still accommodate ship mooring and transit. 

In early 2000, Fremantle Ports completed an Aboriginal Heritage assessment of the Inner Harbour 
which confirmed the relevance of waters of the Inner Harbour (as part of the Swan River) and the 
Indian Ocean to Aboriginal communities.  The Register of the National Estate and the Register of 
the Heritage Council WA list seven European Heritage Sites of historical significance in Fremantle 
Ports, none of which will be impacted by the development. 

The lower reaches of the Swan Estuary and Rous Head are both popular recreational fishing areas.  
The main species caught by recreational fishers in the lower reaches of the Swan Estuary include 
blue swimmer crabs, black bream, Australian herring, tailor, whiting, bar-tail flathead and 
yellowtail trumpeter.  The Deep Water Channel and proposed offshore spoil ground are not highly 
utilised recreational fishing areas.  Temporary fishing access restrictions will occur during 
reclamation activities, however, access to the North Mole will not be affected.  The project area is 
not heavily utilised for commercial fishing.   

The Inner Harbour is an important link between the Swan River estuary and nearby coastal waters, 
particularly for recreational boating activities.  Anchoring is not permitted in the Inner Harbour and 
Entrance Channel and these areas do not have high recreational boating values, although do 
provide an important link between the Swan River estuary and coastal waters.   

Marine Protected Areas 
There are no marine protected areas within the proposed dredging areas, spoil ground or 
reclamation area.  The nearest marine parks are the Swan Estuary Marine Park to the east, Marmion 
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Marine Park to the north (approximately 25 km) and the Shoalwater Islands Marine Park to the 
south (approximately 20 km).  Other protected areas include Cottesloe Reef Fish Protection Area 
located 5km northeast of the proposed spoil ground. 

Potential Environmental Impacts and Management 
The Proponent identified marine biodiversity as the overarching environmental factor relevant to 
the Inner Harbour Deepening Project.  Implementation of the Project has the potential to impact 
marine biodiversity by: 

 Reducing the species distribution and/or geographical extent in local and regional contexts; 

 Reducing the species and ecosystem diversity; 

 Contributing to the cumulative loss of flora and fauna species and habitats within the region; 

 Contributing to the cumulative loss of marine Benthic Primary Producers (BPP) and BPPH 
within the region; and 

 Reducing native species distribution and/or geographic extent through the introduction of 
marine pest species. 

 

Detailed computer modelling was used to predict potential levels of suspended solids (mg/L) and 
sedimentation (mg/cm2/d) resulting from placement of dredged material in the offshore spoil 
ground and in the land reclamation area at Rous Head.  The results obtained from the numerical 
modelling exercise provide estimates of above background levels of Total Suspended Solids (TSS) 
concentrations and sedimentation levels, which are used in conjunction with defined threshold 
values for BPPH to identify zones of potential impact, effect and influence.  These zones indicate 
where the threshold values may be exceeded during the life of the dredging project. 

Associated with these potential water quality and sedimentation impacts to marine biodiversity are 
the key environmental factors of:  

 Marine water and sediment quality; 

 Marine benthic habitats (BPPH); and 

 Marine fauna. 

 

A further key potential environmental factor identified included potential impacts on fish and 
marine mammals associated with dredging activities. 

Other relevant environmental factors identified during the impact assessment included the 
following:   
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 Acid and Sulphate Soils (ASS); 

 Coastal processes; 

 Noise, dust and traffic impacts (at Rous Head); 

 Hydrocarbon spills; and 

 Introduced marine pests. 

 

A third level of environmental factors to be managed under Fremantle Ports’ existing 
Environmental Management System (EMS) and contractor management procedures are as follows: 

 Aesthetic impacts from visible dredge plumes; 

 Indigenous heritage; 

 Interference with shipping and other port users; and 

 Public access, safety and recreational activities. 

Further details of potential environmental impacts associated with the Inner Harbour Deepening 
Project are summarised in 7HTable ES 2 along with proposed preventative and management 
strategies. 

Principles of Environmental Protection 
Table ES 3 details how the EPA’s Principles of Environmental Protection have been considered in 
the design and environmental impact assessment (EIA) for the Project. 

Conclusions 
8HTTThis impact assessment determined that the majority of potential marine impacts are likely to have 
a short-term or insignificant consequence on the environment, which can be effectively managed 
through the implementation of routine mitigation and management measures.  Disturbance (both 
direct and indirect) to benthic primary producers (BPPs) and marine fauna (including mammals and 
fishes) from dredging, spoil disposal and land reclamation activities is considered to be the focus 
for marine environmental management. 

As with any development project, there is inherent environmental risk associated with Fremantle 
Ports’ proposed Inner Harbour Deepening Project.  However, through this EIA process and active 
consultation with community representatives and relevant regulatory authorities, those risks 
associated with the proposed dredging programme have been identified and evaluated.  Proactive 
monitoring and management programs have been proposed to minimise key environmental risks.  
Fremantle Ports is committed to sound environmental practices and through the results provided in 
this report, is confident that the proposed dredging programme is unlikely to have a significant 
long-term adverse impact on the natural environment of the Inner Harbour or offshore areas. 
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 Table ES 2  Environmental Factors, Potential Impacts and Scope of Investigations for Fremantle Ports’ Proposed Inner Harbour 
Deepening Project 

 
Environmental 
Factor 

EPA / Project Environmental 
Objective 

Existing Environment Potential Impacts Management Strategies Relevant Section in 
PER 

Marine 
Biodiversity 

Maintain abundance, diversity, 
geographic distribution and 
productivity of marine habitat, 
flora and fauna through the 
avoidance or management of 
adverse impacts and 
improvement in knowledge. 

These overarching principles have 
been embedded as a whole of 
project approach. Refer to specific 
environmental factors below 

 Reduced species distribution or 
geographical extent in local and 
regional context. 

 Reduced species and 
ecosystem diversity. 

 Cumulative loss of vegetation 
communities, flora and fauna 
species and habitats within the 
region. 

 Cumulative loss of marine 
BPPH within the region. 

The Draft Dredging and Spoil Disposal 
Management Plan (DSDMP) includes the 
following measures to minimise impacts on 
marine biodiversity from dredging, spoil disposal 
and land reclamation activities: 
 

 Use of appropriate best practice dredging 
methods to minimise turbidity. 

 Monitoring water quality during dredging 
and seagrass health prior to and after 
dredging.  Seagrass health monitoring 
programme methods will be developed in 
consultation with the DEC.  

 Burial of potentially contaminated 
sediments in with clean sediments in land 
reclamation area. 

 Construction of the seawall in advance of 
reclamation works and intermediate bunds 
to be located within the reclamation area to 
divide the area into settlement basins to 
minimise turbidity. 

 Silt curtain implemented at discharge point 
to minimise turbidity. 

 Avoidance of critical habitat (BPPH) during 
project design. 

 Marine mammals (except dolphins) 
observation and response procedures if 
dredging during the peak southern 
humpback whale migration period, including 
the application of a 300 m exclusion zone to 
be implemented during dredging and spoil 
disposal works. 

 Strategies and best practice measures to 
manage and avoid the introduction of Non-

Section 4.5; 

Section 6.5; 

Section 6.6. 
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Environmental 
Factor 

EPA / Project Environmental 
Objective 

Existing Environment Potential Impacts Management Strategies Relevant Section in 
PER 

Indigenous marine species where 
practicable 

 Application of the Quarantine Act 2000 
(Cwth) and the AQIS ballast water 
management requirements for international 
shipping. 
 

Marine and 
Water and 
Sediment 
Quality 

To protect the environmental 
values of the Port including: 

 Maintaining the structure 
and functions of marine 
ecosystems 

 Ensuring water quality is 
safe for recreational 
activities; 

 Ensuring water quality is 
sufficient that any seafood 
caught or grown in the 
area is of a quality safe for 
human consumption. 

 Minimising the risk to the 
environment arising from 
dredged sediment plumes 
by maintaining an 
acceptable water and 
sediment quality. 

 Water quality in the Inner 
Harbour and close to the river 
mouth is influenced by the 
Swan River (and its catchment 
area) and Cockburn Sound as 
well Port operations. 

 Historically there have been 
high levels of copper in the 
Inner Harbour; however this 
has been reduced to below 
EQL guideline levels since 
maintenance dredging of 
contaminated sediments in 
2003. 

 Sediments in parts of the Inner 
Harbour and Entrance Channel 
have levels of some metals, 
TBT, PAHs and pesticides in 
excess of NODGDM screening 
or maximum levels. 

 Turbidity and suspended 
sediment concentrations 
decrease with distance off 
shore and light attenuation 
increases. Background 
concentrations vary with 
season, weather and 
consequent sea state and the 
re-suspension of sediments. 

 Creation of turbid plumes and 
the release of sediment bound 
contaminants into water column 
due to dredging activities. 

 Creation of turbid plumes and 
release of contaminants from 
rock dumping and reclamation 
return water at Rous Head. 

 Generation of turbid plumes at 
offshore disposal ground during 
sea dumping operations. 

 Remobilisation and release of 
contaminants from potentially 
contaminated sediments at 
dredge sites. 

 Hydrocarbon spills from 
dredging or seawall 
construction equipment. 

The Draft DSDMP includes measures to 
minimise adverse impacts on water and sediment 
quality as a result of dredging, spoil disposal and 
land reclamation activities.  These measures 
include: 
 

 Use of appropriate best practice dredging 
methods to minimise turbidity. 

 Implementation of an extensive monitoring 
program with appropriate contingency plans 

 Minimising the risk of water quality impacts 
by  capping potentially contaminated 
sediments with clean sediments and 
utilising the land reclamation area for these 
dredge spoils rather than the offshore spoil 
ground. 

 Minimising TSS discharge by efficient 
design of operation of settlement ponds 

 Construction of the seawall in advance of 
reclamation works and intermediate bunds 
to be located within the reclamation area to 
divide the area into settlement basins to 
minimise turbidity. 

 Silt curtain implemented at discharge point 
to minimise turbidity. 

 

Section 4.4.6; 

Section 4.4.7; 

Section 6.4. 
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Environmental 
Factor 

EPA / Project Environmental 
Objective 

Existing Environment Potential Impacts Management Strategies Relevant Section in 
PER 

Marine Benthic 
Habitats (BPPH) 

To maintain ecological function, 
abundance, productivity and 
biodiversity of BPPH in 
accordance with EPA Guidance 
Statement No. 29. 

 Due to past dredging and Port 
activities, the Inner Harbour 
and Entrance Channel has 
minimal benthic habitat value. 

 The Deep Water Channel 
consists primarily of sands with 
sparse seagrass, and 
occasional hard outcrops and 
is typical of the surrounding 
environment. 

 The seabed within and 
adjacent to the proposed 
reclamation area is typical of 
the sandy nearshore habitat 
found along much of the 
metropolitan coast line. 

 The proposed spoil ground is 
mostly soft bottom habitat with 
little BPPH present. 

 Direct permanent impacts to 
the benthic habitat through 
direct removal of seabed during 
dredging, spoil disposal and 
land reclamation. 

 Predicted direct BPPH loss due 
to dredge, spoil ground and 
land reclamation footprints of: 
o 261.92 ha (3.73%) from 

Gage Road Management 
Unit; and 

o 151.92 ha (1.44%) from 
the Deep Water Channel 
Management Unit. 

 Estimated total BPPH historical 
loss of 193.80 ha (2.76%). 

 Indirect impacts associated 
temporary and localised 
increase in turbidity (above 
natural levels), which can 
reduce the amount of light 
available to BPPH for 
photosynthetic activity 

 Indirect impacts associated 
temporary and highly localised 
increase in sedimentation rates 
(above natural levels) which 
can stress or smother sessile 
benthic organisms, including 
BPP. 

 Surface water contamination 
through spills of hydrocarbons 
or wastewater. 

The Draft DSDMP includes measures to 
minimise disturbance to marine habitats and 
benthic primary producers from dredging and 
dredge spoil disposal activities.  These measures 
include: 
 

 Monitoring water quality during dredging. 
Water quality sampling and analysis will be 
used to validate the predicted impacts, to 
correlate with seagrass health monitoring 
and to ensure harbour sediment 
contaminants are appropriately managed in 
compliance with water quality guidelines. 
Seagrass health monitoring programme 
methods will be developed in consultation 
with the DEC. 

 Undertake detailed baseline monitoring of 
seagrass at the monitoring sites. 

 A turbidity reducing valve will be used within 
the overflow pipe of the TSHD. 

 Overflow levels will be raised to the highest 
point during spoil transport to ensure 
minimum spillage of sediment. 

 Hopper de-watering is to be confined to the 
dredging and spoil disposal areas. 

 Well maintained and properly calibrated 
dredging vessels will be used.  

 Vessels will include features such as on-line 
visualisation of bathymetric charts, loading 
diagrams, production statistics and vessel 
movement. 

Section 4.5.1; 

Section 6.5. 

Marine Fauna 
 

To maintain the abundance, 
diversity, geographic distribution 
and productivity of marine fauna 
through the avoidance or 
management of adverse 

 There is a resident population 
of bottlenose dolphins that 
frequent the Swan River and 
estuary. 

 Humpback and southern right 

 Noise from the proposed works 
has the potential to disturb 
marine mammals, and affect 
their hearing, communication 
and echolocation. 

The Draft DSDMP includes measures to 
minimise disturbance to marine mammals during 
dredging and dredge spoil disposal activities.  
These measures include: 
 

Section 4.5.2; 

Section 6.6. 
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Environmental 
Factor 

EPA / Project Environmental 
Objective 

Existing Environment Potential Impacts Management Strategies Relevant Section in 
PER 

impacts and improvement in 
knowledge. 

whales use the coastal waters 
between Fremantle and 
Rottnest. 

 Fish and crustacean species 
migrate seasonally between 
the Swan River and the Indian 
Ocean. 
 

 Whales and dolphins may be 
vulnerable to injuries or death 
from collisions with vessels due 
to increased vessel movement 
and activity generated by the 
dredging program. 

 There is potential for impact on 
migratory behaviour by fish and 
crustaceans through the Inner 
Harbour and Entrance Channel 

 Some loss of fish and 
crustacean habitat in the Deep 
Water Channel and at Rous 
Head may occur. 

 Potential toxicity in the event of 
hydrocarbon spills. 
 

 Access for dolphins through the Swan River 
and estuary will be maintained at all times; 

 Prior to commencement of dredging 
activities, all crew will receive training from 
a qualified person with respect to the 
management of marine mammals. 

 Marine mammals (except dolphins) 
observation and response procedures if 
dredging during the peak southern 
humpback whale migration period, including 
the application of a 300 m exclusion zone to 
be implemented during dredging and spoil 
disposal works. 

 Minimise indirect impacts to seagrass beds 
wherever possible.  

 Minimise the amount of material to be 
disposed of in the proposed spoil ground. 

 Prevention and management of hydrocarbon 
or chemical spills. 

Introduced 
Marine Pests 

To maintain ecological function, 
species diversity and 
geographic distribution of 
marine biota by preventing the 
introduction of marine pests into 
Western Australian territorial 
waters 

Surveys conducted by CRIMP in 
1999 identified two introduced 
marine pests: the European Fan 
Worm and the Asian Date Mussel. 
Reassessment of introduced marine 
pests in Fremantle Harbour in 2007 
by Fremantle Ports in conjunction 
with Department of Fisheries found: 

 The European fan worm was 
not as widespread as 
previously reported; and 

 No specimens of Asian Date 
mussel were found. 

 
 

Establishment of introduced marine 
pests can have serious 
environmental impacts including: 

 Displacing native species 
through competition for food 
and space, predation, possible 
hybridisation between native 
and introduced species. 

 
 

The Draft DSDMP will include measures to 
prevent the introduction of marine pest species 
due to dredging and dredge spoil disposal 
activities.  These measures include: 
 

 Application of the Quarantine Act 2000 
(Cwth) and the AQIS ballast water 
management requirements for international 
shipping. 

 Continued Liaison with Department of 
Fisheries in monitoring of marine pests in 
accordance with Marine Pest Monitoring 
Manual (Australian and New Zealand 
Governments). 

 Strategies and best practice measures to 
manage and avoid the introduction of 
marine pests where practicable. 

 Risk assessments of all dredgers and 
associated vessels prior to arrival in 
Fremantle Ports to assess the risk of on the 

Section 4.5.2.5; 

Section 6.7. 
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Environmental 
Factor 

EPA / Project Environmental 
Objective 

Existing Environment Potential Impacts Management Strategies Relevant Section in 
PER 

arriving vessels. 
 Subject to outcomes of risk assessment, 

dredging equipment will be inspected prior 
to use in the project area to ensure it is free 
of marine pests. 

Coastal 
Processes 
 

To maintain the integrity and 
stability of the coast and 
seafloor. 

 Sediment transport along the 
metropolitan coastline is to the 
north in summer and to the 
south in winter. 

 The coastline around Rous 
Head and Port Beach has been 
highly modified since first 
European settlement. 
 

 Potential increases in coastal 
erosion or deposition at Port 
Beach that may affect 
recreational users. 

 The ‘Do Nothing’ option 
predicted that the beach would 
not change significantly, with 
the possibility of around 15 m 
of erosion at the southern end 
due to long-shore transport of 
sand under severe weather 
conditions. 

 Modelled results for the 
proposed extension to Rous 
Head showed similar conditions 
to that of the ‘Do Nothing’ 
option, but may result in a slight 
accretion at the southern end of 
the shoreline at Port Beach. 

 Numerical models used to investigate 
impact of Rous Head reclamation on 
coastal processes and Port Beach. 

 Continue, in conjunction with DPI to 
undertake bi-annual hydrographic surveys 
of Leighton and Port Beach in order to 
monitor sediment movement and shoreline 
stability of both beaches. 

 

Section 4.4; 

Section 6.8. 

Hydrocarbon 
Management 

To ensure that hydrocarbons 
are handled and stored in a 
manner that minimises the 
potential for impact on the 
environment through leaks and 
spills. 

 Industrial land uses 
surrounding the Inner Harbour, 
combined with road transport 
routes all contribute to the 
existing water quality in 
Fremantle Harbour with 
respect to hydrocarbon levels. 

The potential impacts to marine 
fauna as a result of a hydrocarbon 
spill include: 

 Physical effects – i.e. 
smothering/coating that may 
lead to mortality; and 

 Chemical and biological effects 
- including toxicity and 
bioavailability that may affect 
feeding, reproduction and 
growth. 
 

 Management of hydrocarbon and chemical 
spills due to the project’s activities will be 
through Fremantle Ports’ existing EMS and 
via management measures specified in the 
project CEMP. 

 Fremantle Ports’ objective is zero discharge 
of liquid and solid waste into Port waters.  
The following systems are in place to 
prevent the discharge of hydrocarbons into 
Port waters: 
o Port Authorities Regulations prohibiting 

the discharge of wastes, etc into port 
waters; 

o General Information for Ship's Masters 
communicating the regulations to the 
relevant persons; 

Section 6.9 
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Environmental 
Factor 

EPA / Project Environmental 
Objective 

Existing Environment Potential Impacts Management Strategies Relevant Section in 
PER 

o Safety and environment inductions; 
o Hazardous substances policy and 

guidelines to ensure chemicals and 
other toxic materials are properly 
disposed off; and 

o Wharf wash down procedures. 
Acid Sulphate 
Soils 

To minimise exposure of PASS 
material and therefore 
generation of ASS during 
dredging, disposal and land 
reclamation operations. 

 Swan River sediments are 
shown on the Acid Sulphate 
Soils (ASS) risk map as having 
potential ASS (PASS). 

 PASS identified in sediments 
sampled from 0 to 1 m from the 
Inner Harbour during field 
investigations carried out in 
May 2007. 

 Acidification of soil, 
groundwater and surface water 
(including runoff into marine 
environment); 

 Increase in heavy metal 
concentrations; 

 Loss of marine habitat; 
 Loss of marine fauna; and 
 Loss of visual amenity. 

 

A PASS material management strategy has been 
incorporated into the Draft DSDMP and includes 
measures to minimise exposure of PASS due to 
dredging, spoil disposal and land reclamation 
activities.  These measures include: 
 

 Careful and contained transportation of 
dredge materials. 

 Ensuring that dredged materials from the 
Inner Harbour will remain wet at all times. 

 Minimising generation of ASS due to 
dredging, pumping of dredged material and 
relocation of surface sediments below the 
LWMF in the reclamation area. 

 Ensuring identified PASS material is 
disposed below the lowest LWMF in the 
reclamation at Rous Head. 

 Burying/capping PASS material with 
calcium carbonate material dredged from 
the calcarenite (limestone) bedrock in the 
Inner Harbour. 

Section 4.4; 

Section 6.2; 

Section 7.2. 

Noise Traffic 
and Dust Issues 

To ensure that these activities 
do not adversely affect 
environment values or the 
health, welfare and amenity of 
people by meeting statutory 
requirements and acceptable 
standards. 

 Fremantle Ports undertakes 
noise assessments during 
normal import/export 
operations and for specific 
ships and assesses results 
against the prescribed 
standards of the Environmental 
Protection (Noise) Regulations 
1997. Fremantle Ports has also 
developed a set of operational 
procedures for the allocation of 
berths for vessels so as to 
minimise the impact of noise 

 The area is not a residential 
environment and so it is 
unlikely that any impacts to 
local residents would occur.  
Potential impacts from vessel 
noise associated with the 
project are considered to be 
negligible. 

 The Dredge Contractor will be required to 
address noise, dust and traffic issues as 
part of the CEMP. 

 Potential impacts associated with increased 
noise, traffic and dust associated with the 
proposed land reclamation at Rous Head 
will be managed through Fremantle Ports’ 
existing EMS and via controls established in 
the project CEMP. 

 

Section 7.6; 

Section 7.3. 
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Environmental 
Factor 

EPA / Project Environmental 
Objective 

Existing Environment Potential Impacts Management Strategies Relevant Section in 
PER 

and odour on the surrounding 
environment during operational 
activities. 

 The study found no noise or 
vibration issues surrounding 
the rail loop operation (Lloyd 
Acoustics 2007). 

Aesthetics To minimise impacts on the 
visual amenity of the area 
adjacent to Fremantle Port. 

 The Inner Harbour waters are 
of relatively low aesthetic 
quality however the coastal 
waters have high aesthetic 
value. 

 The landscape in the vicinity of 
Fremantle Port is largely 
characterised by port 
infrastructure and operations 
and therefore potential impacts 
to visual amenity values as a 
result of the project are 
considered to be minor. 

 Turbidity plumes may reduce 
the aesthetic value of the 
coastal waters, reducing 
recreational appreciation of the 
waters. 

 The visible plume may be seen 
by the public offshore at Rous 
Head and to a lesser extent at 
Leighton and Port Beaches. 
Therefore, there will be only 
minor impacts in the near shore 
marine environment during 
dredging of the Inner 
Harbour/Entrance Channel and 
during land reclamation 
operations. 

The Draft DSDMP includes management of 
turbidity to reduce impact to areas of high 
aesthetic value through: 
 

 Implementation of best practice dredging 
methods that reduce the extent of visible 
plume generation. 

 Designing reclamation area to incorporate 
settling ponds and silt curtains to minimise 
discharge of suspended solids. 

 Selection of offshore disposal site that is 
sufficiently distant from areas of high 
aesthetic value. 
 

Implementation of a Construction Environmental 
Management Plan (CEMP). 

Section 7.4. 

Indigenous 
Heritage 

To ensure that changes to the 
biophysical environment do not 
adversely affect historical and 
cultural associations and 
comply with relevant heritage 
legislation. 

The Indian Ocean and Swan River 
are of cultural significance to 
Aboriginal communities. 

Potential impacts on Indigenous 
heritage values in the Fremantle 
area as a result of the Inner Harbour 
Deepening project may arise from 
disturbance to culturally significant 
mythological sites (Indian Ocean and 
Swan River). 
 

Management measures that will be employed will 
include the following: 

 Continuing engagement with the local 
Indigenous community. 

 Undertaking all work in compliance with the 
Aboriginal Heritage Act 1972. 

 Recognition of Aboriginal culture and 
history through interpretative signage. 

Section 4.6.3; 

Section 7.5. 
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Environmental 
Factor 

EPA / Project Environmental 
Objective 

Existing Environment Potential Impacts Management Strategies Relevant Section in 
PER 

Public Access 
and Recreation 

To minimise impacts of the 
project on recreational areas 
(including fishers). 

 For security reasons, public 
access to most of land based 
operational areas of the Inner 
Harbour is prohibited. 

 Public access areas will remain 
unchanged. 

 The Inner Harbour is an 
important link between the 
Swan River estuary and 
coastal waters, where 
recreational values are high 

 Recreational fishing occurs in 
the Inner Harbour area at North 
and South Moles, along 
Victoria Quay and at Rous 
Head (the latter having a 
disabled person’s access). 

 Dredging activities may restrict, 
but not prevent, recreational 
boating traffic. 

 Elevated turbidity may impact 
water-based activities 
recreational activities in close 
proximity to dredging activities. 

 Some impact may be 
experienced by recreational 
fishing utilising Rous Head due 
to fishing access restrictions 
during reclamation activities. 
 

Development and implementation of a CEMP will 
ensure access maintained for all recreational 
users of the Port: 

 Small craft will be able to pass the dredge 
relatively unimpeded. 

 Advise public of any major planned 
disturbances to boating traffic, via public 
media, notices to boating clubs and 
temporary signs at public boat ramps. 

 Minimise closure of publicly accessible 
fishing areas to avoid significant impacts to 
recreational fishing during construction 
works.  

 Temporary closure during reclamation 
activities at Rous Head to maintain public 
safety. 

 Minimising suspended sediments 
generation in the Inner Harbour and 
Entrance Channel through best practice 
dredging. 

Section 4.6.8; 

Section 4.6.8; 

Section 7.6. 

Interference with 
Shipping, 
Commercial 
Fishers and 
Other Port Users 
 

To minimise interference with 
shipping and other port users 
during dredging, spoil disposal 
and land reclamation activities. 

The proposed Rous Head 
reclamation area is immediately 
adjacent to the existing Rous Head 
Industrial Estate.  The nearest 
residential/recreation area is 
approximately 1.4 km away. 
 
The Inner Harbour is a commercial 
shipping precinct and is an important 
link for boating traffic between the 
Swan River and Indian Ocean 

 Temporary loss of access to 
some parts of the Inner 
Harbour due to the presence of 
the dredge and support 
vessels. 

 Interference with other vessels 
by the dredges and in extreme 
cases, collision with other 
vessels 

 There are no direct impacts 
anticipated to commercial 
fisheries by the proposed works 
as there were no operators 
identified as fishing in the 
dredge areas or offshore spoil 
ground.   

 Vessel movements will be managed 
through Fremantle Ports’ existing EMS and 
via controls established in the project 
CEMP 

 Vessel movements managed under 
direction of the Harbour Master and 
Fremantle Ports’ Signal Station. 

 Dredging will be scheduled to work in with 
vessel movements. 

 The dredges and support vessels will 
maintain radio contact with Harbour Master 
so they can be kept informed of planned 
shipping movements. 

 Minimising suspended sediments 
generation in the Inner Harbour and 
Entrance Channel through best practice 
dredging. 

Section 4.6.6; 

Section 4.6.7; 

Section 7.7. 
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 Table ES 3  Project Consideration of the Principles of Environmental Protection   

Principles of Environmental Protection Relevant  
(Yes/No) 

Project Response 

The Precautionary Principle 
Where there are threats of serious or irreversible damage, lack 
of full scientific certainty should not be used as a reason for 
postponing measures to prevent environmental degradation. In 
application of this precautionary principle, decisions should be 
guided by: 
(1) careful evaluation to avoid, where practicable, serious or 

irreversible damage to the environment; and  
(2) an assessment of the risk – weighted consequences of 

various options. 

Yes Site-specific surveys have been undertaken to collect additional information on the physical and biological marine 
environment. 
Dispersion modelling of sediment plumes has been completed to determine the potential impacts that dredging 
activities and management of dredged material may have on the existing environment (Section 4) and to identify 
mitigation and management measures required (Sections  6 and 8).  
Investigations of alternatives to the proposed Inner Harbour Channel deepening and Rous Head reclamation 
project have been appraised in line with strategic future requirements of the Port. 
Section 2 outlines the options evaluation process which was developed to determine the preferred option. 
A qualitative risk assessment has been completed on the potential environmental factors associated with the 
proposal (Section 5). 

The principle of Intergenerational Equity 
The present generation should ensure that the health, diversity 
and productivity of the environment is maintained and enhanced 
for the benefit of future generations. 

Yes The proponent considers this proposal can be implemented without adversely impacting the environment for 
future generations. 
The project has been designed to maximise placement to land of dredged material reducing the need for other 
environmental disturbance to obtain fill. 

The principle of the Conservation of Biological Diversity and 
Ecological Integrity 
Conservation of biological diversity and ecological integrity 
should be a fundamental consideration. 

Yes The principle was considered through the options assessment process to identify the preferred dredge material 
re-use and reclamation approach (Section 2). 
Biological surveys and investigations have characterised existing baseline environmental values. 
Whilst there will be disturbance to the marine and terrestrial environments, the biodiversity and ecological integrity 
of the region will be maintained (Section 6). 
The project adheres to all key Western Australian and Commonwealth statutes and regulations as well as key 
International agreements which may apply. 

Principles Relating to Improved Valuation, Pricing and Incentive 
Mechanisms 
(1) Environmental factors should be included in the valuation 

of assets and services. 
(2) The polluter pays principle – those who generate pollution 

and waste should bear the cost of containment, avoidance 
and abatement. 

(3) The users of goods and services should pay prices based 
on the full life cycle costs of providing goods and services, 
including the use of natural resources and assets and the 
ultimate disposal of any waste. 

Yes Fremantle Ports recognises and accepts the costs of managing the proposal and its environmental impacts. 
The cost of environmental management has been included in the project costs and has been forwarded to 
Fremantle Ports’ Board for approval. 
Within the execution phase of the project when procurement and services are purchased, Fremantle Ports will 
make decisions which incorporate the valuation, pricing and incentive mechanism. Fremantle Ports will also 
endeavour to pursue these principles where ever possible during the life of the project. 
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Principles of Environmental Protection Relevant  
(Yes/No) 

Project Response 

(4) Environmental goals, having been established, should be 
pursued in the most cost effective way, by establishing 
incentive structure, including market mechanisms, which 
enable those best placed to maximise benefits and/or 
minimise costs to develop their own solution and responses 
to environmental problems. 

The Principle of Waste Minimisation 
All reasonable and practicable measures should be taken to 
minimise the generation of waste and its discharge into the 
environment. 

Yes Fremantle Ports will adopt the following approach to waste management for the project : 

• Avoid and reduce at source; 

• Reuse and recycle; and 

• Treat and/or dispose. 
The dredging footprint has been determined to minimise the volume of dredged material required to be removed 
from the seabed. 
As far as practical, all dredged material will be placed on land and available for future use. 
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1. Introduction 
This Draft Public Environmental Review (Draft PER) has been prepared by Fremantle Ports to 
assess the environmental impacts associated with the proposal to deepen the Deep Water Channel, 
Entrance Channel and Inner Harbour to allow 14 m draft ships to utilise the Inner Harbour of the 
Fremantle Port and also the proposal to reclaim an area of seabed at Rous Head.  

This Draft PER has been prepared in accordance with Part IV of the Environmental Protection Act 
1986 (EP Act) and aims to: 

 Place this proposal in the context of the local and regional environment; 

 Adequately describe all components of the proposal;   

 Provide the basis of the Fremantle Ports’ environmental management program, which shows 
that environmental impacts resulting from the proposal will be minimised and can be 
acceptably managed; 

 Communicate clearly with stakeholders (including the public and government agencies), 
thereby ensuring the Environmental Protection Authority (EPA) can obtain informed comment 
to assist in providing advice to government; and 

 Provide a document which clearly sets out reasons why the proposal should be viewed by the 
EPA and Minister for the Environment as environmentally acceptable. 

1.1. Proposal Title 

The title of the proposal is ‘Fremantle Ports Inner Harbour and Channel Deepening, Reclamation at 
Rous Head and Offshore Placement of Dredged Material Project’ (referred to as the ‘Inner Harbour 
Deepening Project’). 

1.2. Project Proponent 

Proponent details for this proposal are: 

Proponent: Fremantle Ports 
Address: 1 Cliff Street, Fremantle, WA 6160 
Contact Person: Lyle Banks – Manager Planning & Environment 
Telephone: (08) 9430 3565 
Facsimile: (08) 9430 3450 
E-mail: Lyle.Banks@fremantleports.com.au 
 

Fremantle Port Authority, which operates under its registered business name Fremantle Ports, is a 
commercialised trading entity under the Port Authorities Act 1999 and is fully owned by the Western 
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Australian Government. Its role is to ensure that the port can efficiently cater for trade and operate 
in a sustainable manner, with the support of customers and stakeholders.  Fremantle Ports provides 
and maintains shipping channels, navigation aids, cargo wharves, road and rail infrastructure within 
the port area, North and South Moles and seawalls, and other port infrastructure. 

1.3. Objective of the Project 

The key objective of the Inner Harbour Deepening Project is to maintain compatibility with other 
national container ports and to ensure global shipping lines can continue to berth at Fremantle by 
deepening the Deep Water Channel, Entrance Channel and Inner Harbour to allow 14 m draft ships 
to utilise the Inner Harbour. 

1.4. Background to the Project 

An analysis of the likely size of container vessels berthing at Fremantle in the future indicates there 
will be rapid growth in the size of vessels calling at Fremantle, whereby it is expected that the 
number of vessels in excess of 12.5 m draft will almost double between 2005 and 2010.  Moreover, 
it is predicted that vessels with drafts of up to 13.5 m will be regularly servicing the Australian 
trade routes including Fremantle in the next two to three years.  The analysis also shows there is 
likely to be a future need to cater for vessels with drafts up to 14 m, however this requirement is 
likely to be of greater significance beyond 2015. 

Currently the Inner Harbour can receive vessels with a maximum draft of 12 m (plus tide).  
Therefore, without further dredging and channel deepening, larger ships will bypass Western 
Australia and travel to Australia’s eastern seaboard to load and offload cargo. 

Furthermore, the depth of the Inner Harbour is not consistent along its entire length, which restricts 
ships of varying capacities to certain berths.  Increasing the depth and uniformity along the full 
length of North Quay will allow greater flexibility and efficiency in terms of berth utilisation and 
the ability to handle larger ships. 

1.5. Legislative Framework 

1.5.1. Environmental Approvals Process 

This Draft PER has been prepared as part of the approvals process required under Part IV of the 
Environmental Protection Act.  To initiate the WA State environmental assessment process, a 
referral and environmental scoping document was submitted to the EPA in November 2005.  
Fremantle Ports was advised on 28th December 2005 that the level of assessment for the proposal 
be set at a PER. 
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In parallel to the State process, the proposed works were also referred to the then Commonwealth 
Department of Environment and Heritage (DEH) (now the Department of the Environment, Water, 
Heritage and the Arts (DEWHA)), Canberra in December 2005 under the Environment Protection 
and Biodiversity Conservation (EPBC) Act, 1999 (EPBC Act).  The department released a 
statement in January 2006 indicating that the proposed works were not considered to be a 
controlled action and that approval under Part 9 of the Act was not required. 

The Draft PER has been prepared in accordance with the final approved Environmental Scoping 
Document (ESD) and Guidelines for Preparing a Public Environmental Review / Environmental 
Review and Management Programme (EPA 2007), both of which provide guidance on the 
environmental factors to be assessed and the level of investigation required to address potential 
impacts. 

The Draft PER will be subject to a review by stakeholders and the general public for a period of six 
(6) weeks.  Following the conclusion of the public comment period, Fremantle Ports will respond 
to issues raised in the submissions.  The EPA will then examine Fremantle Ports’ responses to the 
submissions and prepare an environmental assessment report for the Minister for the Environment.  
At the conclusion of the EPA assessment period, the Minister for the Environment will issue a 
statement detailing whether the proposal may be implemented, and if so, under what conditions.  A 
flow chart summarising the approval process is presented in Figure 1-1. 
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 Figure 1-1  The Western Australian Environmental Impact Assessment Process 
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1.5.2. Key Legislation 

Key Commonwealth and Western Australian statutes and regulations under which the Inner 
Harbour Deepening Project will be carried out are listed in Table 1-1. 

 Table 1-1  Key Commonwealth and WA Statutes and Regulations 

Legislation Legislation Summary 

Commonwealth Legislation 
Environment Protection and 
Biodiversity Conservation Act 
1999  

This Act protects the environment, particularly relating to matters of National 
Environmental Significance (NES).  It streamlines national environmental assessment and 
approvals processes, protects Australian biodiversity and integrates management of 
important natural and culturally significant sites. 

Environmental Protection 
(Sea Dumping) Act 1981  

The Act covers the regulation of dumping material into the sea, incineration at sea and the 
positioning of artificial reefs, as well as other related matters. 

Contaminated Sites Act 2003 The Act allows for the identification, recording, management and remediation of 
contaminated sites to protect human health, the environment and environmental values. 

Native Title Act 1993  This Act recognises that native title rights exist for indigenous people and outlines 
operational procedures in relation to native title in Australia. 

Historic Shipwrecks Act 1976 This Act protects shipwrecks that have lain in territorial waters for 75 years or more.  It is 
an offence to interfere with any shipwreck covered by the Act. 

Protection of the Sea 
(Prevention of Pollution from 
Ships) Act 1983 

This Act disallows any harmful discharge of sewage, oil and noxious substances into the 
sea and sets the demands for a shipboard waste management plan. 

Quarantine Act 1908 This Act implements mandatory controls in the use of seawater as ballast in ships and the 
declaration of sea vessels voyaging out of and into Commonwealth Waters. 

Quarantine Regulations 2000 These regulations stipulate that all information regarding the voyage of the vessel and the 
ballast water is declared correctly to the quarantine officers. 

Western Australian Legislation 
Environmental Protection Act 
1986  

This is the principal statute pertinent to environmental protection in WA.  It gives the EPA 
overall responsibility for the prevention, control and abatement of environmental pollution 
and for the conservation, preservation, protection, enhancement and management of the 
environment. 

Port Authorities Act 1999 This Act covers port authorities and the way in which they operate; their functions; areas 
that they may control and manage; and associated issues. 
The provisions of the Act, in conjunction with the Planning and Development Act 2005 and 
the Metropolitan Region Scheme (Fremantle) Act 1994 mean that Fremantle Ports, which 
is responsible to the Minister for Planning and Infrastructure, is the planning and 
development authority for port developments on land within the boundary of Fremantle 
Ports. 

Planning and Development 
Act 2005 

This Act allows for a system of land use planning and development in the state of WA. 

Contaminated Sites 
Regulations 2006 

These regulations allow for the identification, recording, management and remediation of 
contaminated sites in WA to protect human health, the environment and environmental 
values. 

Environmental Protection 
(Noise) Regulations 1997 

These regulations provide guidelines for noise assessment and control, and set noise 
limits to ensure that noise from premises are kept to acceptable levels. 

Aboriginal Heritage Act 1972 
and Regulations 1974 

This Act applies to the protection of registered places and objects with traditional or current 
sacred, ritual or ceremonial significance to persons of Aboriginal descent in WA. 
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1.5.3. Guidelines, Standards and Policies 

Guidance Statements are issued by the EPA to assist proponents, and the public generally, to 
understand the minimum requirements that the EPA expects during the assessment process, for the 
protection of elements of the environment.  Accordingly, during studies and investigations for this 
PER, the following guidelines have been considered and applied where appropriate: 

 Guidelines for Preparing a Public Environmental Review / Environmental Review and 
Management Programme.  Version 5 July 2007; 

 Benthic Primary Producer Habitat Protection for WA’s Marine Environment – Guidance for 
the assessment of environmental factors (in accordance with the EP Act) No. 29 (Final); 

 Implementing best practice in proposals submitted to the environment impact assessment 
process – Guidance for the assessment of environmental factors (in accordance with the EP 
Act) No. 55 (Final); and 

 Assessment of Aboriginal Heritage – Guidance for the assessment of environmental factors (in 
accordance with the EP Act) No. 41 (Final). 

Other applicable national and international guidelines and policies include the following: 

 National Ocean Disposal Guidelines for Dredged Material (NODGDM), Commonwealth of 
Australia (Environment Australia 2002); 

 Western Australian Contaminated Sites Management Series: 

– Assessment Levels for Soil, Sediment and Water (Department of Environment, November 
2003); and 

– Development of Sampling and Analysis Programs (Department of Environmental 
Protection, December 2001). 

 Acid Sulphate Soils: 

– Draft Identification and Investigation of Acid Sulphate Soils, (Department of Environment 
2006); and 

– General Guidance on Managing Acid Sulphate Soils, (Department of Environment 2003). 

 Australian and New Zealand Environment Conservation Council Guidelines (ANZECC and 
ARMCANZ 2000), specifically: 

– Australian and New Zealand Guidelines for Fresh and Marine Water Quality (Guideline 
4); and 

– Australian Guidelines for Water Quality Monitoring and Reporting (Guideline 7). 

 State Water Quality Management Strategy – No’s 1 and 2. 

 Perth’s Coastal Waters: Environmental Values and Objectives.  The Position of the EPA – A 
Working Document 2000. 
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 State Environmental (Cockburn Sound) Policy 2005 and related documents, including: 

– Environmental Quality Criteria Reference Document for Cockburn Sound (2003-2004).  
Environmental Protection Authority, Report 20, January 2005. 

The application of these assessment frameworks to the Inner Harbour, Entrance and Deep Water 
Channels deepening, reclamation at Rous Head and offshore placement of dredged material is 
discussed in the following sections. 

1.6. Principles of Environmental Protection 

Fremantle Ports, in planning and implementing the proposed Inner Harbour Dredging and 
Reclamation program, has adopted the principles of environmental protection as outlined in 
Section 4A of the EP Act and expanded upon in EPA Position Statement No.7 (EPA 2004), such 
as: 

 Precautionary principle; 

 Principle of intergenerational equity; 

 Principle of conservation of biological diversity and ecological integrity; and 

 Principles of waste minimisation. 

In particular, these principles were considered as part of the options assessment selection process, 
including selection of the preferred dredged material relocation areas. 

1.7. Structure of this PER 

The Draft PER is presented in the following format: 

 Section 1 Introduction – Provides a general overview of the project proposal, background 
information, and describes the key regulatory framework; 

 Section 2 Project Description – Detailed explanation of activities involved in land 
reclamation and dredging is presented, as well as description of the existing port operations 
and facilities.  This section also addresses the advantages and disadvantage of various project 
alternatives, and provides rationale for the preferred option; 

 Section 3 Stakeholder Consultation – This section lists the stakeholders consulted 
throughout the assessment period and examines any environmental concerns which have been 
raised; 

 Section 4 Existing Environment – A detailed description of the marine, terrestrial and social 
environment which may be affected by the proposal; 

 Section 5 Approach to Environmental Impact Assessment – Describes the potential 
environmental issues identified and how these were assessed as key or relevant environmental 
factors; 
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 Section 6 Marine Environmental Impacts and Management – Describes the potential 
marine environmental impacts and risks associated with the project, and the mitigation 
measures to be implemented to reduce these risks; 

 Section 7 Terrestrial and Social Environmental Impacts and Management - Describes the 
potential impacts and risks on the terrestrial and social environment associated with the 
project, and the mitigation measures to be implemented to reduce these risks; 

 Section 8 Proponent Conditions and Conclusions – Describes roles and responsibilities of 
Fremantle Ports as well as detailing relevant environmental management plans, monitoring 
programs and environmental management system; 

 Section 9 References; 

 Section 10 Shortened Forms and Glossary; and 

 Appendices: 

– Appendix A – Fremantle Ports Long-term Dredging Strategy – Site Identification for an 
Ocean Disposal Area 

– Appendix B – Sampling and Analysis Plan (SAP) Implementation Report (SAP IR) for 
Land Reclamation at Rous Head 

– Appendix C – Sampling and Analysis Plan (SAP) Implementation Report (SAP IR) for 
Offshore Disposal 

– Appendix D – Baseline Water Quality Monitoring Report 

– Appendix E – Benthic Primary Producer Habitat Assessment Report 

– Appendix F – EPBC Act Protected Matters Search Tool Report 

– Appendix G – Sediment Plume Numerical Modelling Report 

– Appendix H – Dredging and Spoil Disposal Management Plan 
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2. Project Description 
2.1. Statement of Inner Harbour Deepening Proposal 

Fremantle Ports is seeking approval under Part IV of the Environmental Protection Act 1986 to 
deepen the Deep Water Channel, Entrance Channel and Inner Harbour to allow 14 m draft ships to 
utilise the Fremantle Inner Harbour, and also proposes to reclaim an area of seabed at Rous Head.  
To achieve this, the following work is proposed: 

 Dredge the Inner Harbour to a depth of RL -15.0 m Low Water Mark Fremantle (LWMF); 

 Dredge the Entrance Channel to depths between RL -16.1 m (LWMF) and RL -16.8 m 
(LWMF) to provide adequate depth for the yaw of turning ships; and 

 Dredge the Deep Water Channel to a depth of RL -16.5 m (LWMF) on straight sections and 
RL -18.0 m (LWMF) on bends. 

 
Approximately 3.1 million cubic metres of material will be dredged in total with approximately 
55% being unconsolidated sediments, mostly comprising sand with small proportions of gravel and 
mud, and the remaining 45% being consolidated materials comprising cemented limestone.  The 
unconsolidated sediments will be used for land reclamation at Rous Head and the crushed 
limestone will mostly be transported to and disposed in the offshore spoil ground.  The dredged 
materials will be placed either into reclamation or in the offshore spoil ground by the Trailer 
Suction Hopper Dredge (TSHD).  In the outer (western) section of the Deep Water Channel and in 
the Entrance Channel and some areas of the Inner Harbour where consolidated material cannot be 
directly dredged by the TSHD, these materials will initially be crushed to between 10 mm and 
100 mm sized particles using the Cutter Suction Dredge (CSD).  The crushed material will be 
placed on the seabed directly behind the cutter and will then be removed by the TSHD and taken 
for disposal at the offshore spoil disposal ground or placed into reclamation. 

Key characteristics for the project are provided in Table 2-1. 

 Table 2-1  Key Characteristics of the Inner Harbour Deepening Proposal 

Component Description 

Construction of a seawall 
around the reclamation area 

 20 weeks (to be carried out prior to the dredging programme). 

Duration of Dredging  26 weeks. 

Deepening of Fremantle 
Port Inner Harbour  

 Dredging to a depth of RL -15.0 m (LWMF). 
 Removal of approximately 0.9 Mm P

3
P of dredged material. 

Deepening of the Entrance 
Channel 

 Dredging to depths between RL -16.1 m and RL -16.8 m (LWMF). 
 Removal of approximately 1.1 Mm P

3
P of dredged material. 

Rous Head Reclamation  Placement of dredged material for reclamation of an area of 27 ha 
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Component Description 
Area of seabed (Stages 2 and 3). 

 Construction of a protective seawall 1,000 m long. 
Deepening of Deep Water 
Channel 

 Dredging to depths between RL -16.5 and RL -18.0 m (LWMF) 
within an area up to 169 ha. 

 Removal of approximately 1.1 Mm P

3
P of dredge material. 

Proposed Offshore Spoil 
Disposal Ground 

 Placement of up to 1.45 MmP

3
P of dredged material within an area of 

approximately 150 ha (1.5 km2) located north of Gage Roads 

 

2.2. Justification and Context of Proposal 

Fremantle Port is an important and integral part of Western 
Australia’s transport infrastructure.  It is the State’s major 
general cargo port with the Inner and Outer Harbours 
combined handling approximately 80% by value of the 
State’s seaborne imports and 23% of the value of the State’s 
seaborne exports.  This trade is valued at some $25.7 billion 
annually. 

The Inner Harbour facilities include Western Australia’s only dedicated container port.  While most 
trades through the port have seen increases in recent years, one of the greatest growth areas has 
been container shipments.  Over the last five years, container trade through the Inner Harbour has 
consistently exceeded the high growth scenario in the trade forecasts prepared for the Fremantle 
Inner Harbour Port Development Plan (2000).  As container trade increases it will require 
additional land for offloading and storage.  Land available for port and related uses is very limited.  
Therefore, land reclamation at Rous Head is designed to ensure that there is adequate land available 
to cater for such uses. 

Also, as part of the international trend towards larger vessels, container ships servicing Fremantle 
Port are more than 80% larger than in the early 1990’s. 

The size of both bulk and container ships servicing Australian ports is increasing, with a growing 
preference from shipping lines to minimise the number of ports visited by their ships.  While this is 
consistent with global trends, it places additional pressures on existing channels to be deepened in 
order to meet shipping demands.  Without the necessary depths to handle larger ships, the port 
faces the potential of being bypassed by these ships. 

Fremantle Port is a strategic element of a network of national container ports and is often the first 
or last port of call for ships operating between Australia and overseas destinations.  The Australian 
Government Export and Infrastructure Taskforce noted that the lack of channel development in one 
port can have flow on impacts for other ports.  For example, if a vessel needs to call at several 
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Australian ports on one voyage then the size of the vessel that can be used is constrained by the 
shallowest Port, or alternatively the vessel will bypass depth constrained Ports. 

Fremantle Port is currently able to berth container vessels with a maximum draft of 12.8 m in the 
Inner Harbour, dependent on tide heights.  Furthermore, the depth of the Inner Harbour is not 
consistent along its entire length.  As a result ships of varying capacities are limited to certain 
berths.  Increasing the depth and uniformity along the full length of North Quay will allow greater 
flexibility and efficiency in terms of berth utilisation and the ability to handle larger ships. 

The 12.8 m draft compares with maximum drafts at the other major Australian capital city ports as 
follows: Sydney 13.8 m, Melbourne 12.1 m, Brisbane 13.5 m and Adelaide 14.2 m.  Melbourne is 
progressing plans to deepen its port in order to accommodate 14 m draft vessels, at which stage 
Fremantle will be the shallowest container port in Australia. 

Capital dredging of the Fremantle Ports’ Inner Harbour is a strategic proposal to maintain 
compatibility with other national container ports and to ensure global shipping lines can continue to 
berth at Fremantle.  As stated, without further dredging and channel deepening, larger ships will 
bypass Western Australia and travel to Australia’s eastern seaboard to load and offload cargo.  Ship 
owners will re-evaluate the benefits of continuing to berth in Fremantle (Meyrick & Associates 
2004). 

Benefits to be derived from the proposal include: 

 Avoidance of potentially irreversible changes in shipping patterns (i.e. replacement of larger 
ships with small ships and transhipment services); 

 Creating a safe environment for the movement of larger ships; 

 Meeting environmental objectives as large fuel efficient ships are one of the most 
environmentally efficient means of transporting freight; 

 Providing an economically efficient means of transporting freight; 

 Avoidance of extra freight costs to importers and exporters which would otherwise result from 
increased reliance on smaller ships and transhipments; 

 Achieving a long-term sustainable transport solution; 

 Meeting industry requirements for an efficient port; and 

 Facilitating ongoing economic growth in Western Australia through globally competitive 
logistics. 

Should the deepening of the Inner Harbour and channel not proceed, both direct and indirect 
economic consequences would be expected.  Bypassing of Western Australia and travelling to the 
eastern seaboard of Australia to load and offload cargo or transhipping cargo onto smaller ships in 
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overseas ports could lead to greater natural resource consumption and create additional 
transportation costs for imports and exports.  This could lead to increased costs for consumers, 
reduced competitiveness of Western Australian exports and reduced port and related employment 
opportunities in Western Australia. 

2.3. Alternative Options Considered 

An investigation of alternatives to the proposed Inner Harbour deepening and reclamation at Rous 
Head has evaluated the current and the future requirements of the Port. 

In the broader context, Fremantle Ports will also require dredging of the Deep Water Channel, 
ongoing maintenance dredging of the Success and Parmelia Channels and the Inner Harbour, and at 
some future time, the creation of a second channel into Cockburn Sound.  In addition, ongoing 
maintenance dredging will necessitate further disposal of spoil.  These factors have been used in 
the consideration of alternatives available to Fremantle Port. 

2.3.1. Outer Harbour Development 

State Government cabinet approval has recently been given for Fremantle Ports to proceed to the 
statutory approval phase for additional facilities in the Outer Harbour to cater for future container 
trade subsequent to the Inner Harbour reaching capacity.  While the Outer Harbour facilities will be 
constructed to cater for the larger draft container vessels, it is not expected that the facilities will be 
operational until at least 2015.  The deepening of the Inner Harbour is, therefore, necessary 
irrespective of Outer Harbour improvements because it is needed prior to 2015.  This is particularly 
the case given that the majority of vessels berthing at Fremantle by 2015 are expected to have 
drafts in excess of 12.5 m. 

2.3.2. Dredge Material Re-use and Relocation Alternatives 

A strategic dredging workshop was held in December 2004 (SKM 2005), with the objective to: 

 Identify and prioritise available options for dredge material re-use and relocation; 

 Determine possible synergies between the proposed Inner and Outer Harbour dredging 
projects; and 

 Identify further work required. 

A total of 28 potential options were identified for the disposal of Inner and Outer Harbour dredge 
spoil, with 20 of these applicable to the Inner Harbour dredging works.  The options included beach 
renourishment, landfill and offshore spoil disposal. 
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An initial constraints analysis was undertaken as part of the workshop to identify which options 
should be taken forward for additional consideration.  Constraints considered included: 

 Timing – whether timing of the receiving sites aligned with the proposed dredging program, 
and the level of certainty of this timing; 

 Material composition – suitability of material for the proposed use.  Of particular note was the 
potential for impacts from contaminants on the marine or coastal environment, the particle size 
and potential impacts on coastal processes and the chemical composition of the material and 
potential reuse restrictions; 

 Quantity of material – the volume of material that can be accommodated in the disposal area; 

 Approvals – whether appropriate approvals, particularly environmental approval in the context 
of the Environmental Protection and Biodiversity Conservation Act 1999 and the Western 
Australian Environmental Protection Act 1986 are in place for the disposal ground; 

 Community issues – community response to disposal option; 

 Cost – particularly in the context of plant and equipment; 

 Infrastructure requirements – the amount, type and cost of infrastructure required to facilitate 
the disposal of dredged material; 

 Transport distance – the distance associated with transporting the dredge material by barge or 
road with implications for cost, length of dredging program and environmental impacts; and 

 Potential benefits – any positive outcomes that may arise from the dredging program. 

Given the high priority for sustainable reuse of dredged material and based on the constraints 
analysis carried out on the full 28 options, the following six options were investigated further: 

 Existing Rous Head Reclamation (remainder of Stage 2) – capacity 300,000 mP

3; 

 Rous Head Extension (remainder of Stage 2 plus Stage 3) – capacity 2,300,000 m3; 

 Port Beach renourishment: onshore disposal – capacity 50,000 mP

3; 

 Port Beach renourishment: offshore disposal – capacity Inner Harbour dredge material volume; 

 South Beach renourishment – capacity 250,000 m3; and 

 Fishing Boat Harbour reclamation – capacity 150,000 m3. 
 
The workshop recognised that further studies were required to fully assess the options, including 
the suitability of the dredged material for beach renourishment activities.  However the proposed 
Rous Head extension area was considered the most appropriate dredge material disposal option for 
the following reasons: 

 Most of the alternatives have limited capacity and are unable to cater for the volume of 
material generated by the capital dredging program; 
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 Not all alternatives are suitable for calcarenite rock disposal.  Preliminary information suggests 
that approximately 40% of the volume of dredged material will be sand and 60% of the 
volume will be calcarenite (SKM 2005); 

 Not all alternatives are suitable for the disposal of contaminated material, should contaminants 
be identified in the sediments; 

 The use of dredged material for reclamation is consistent with the Fremantle Inner Harbour 
Port Development Plan and the Rous Head Structure Plan; 

 The reclaimed land will accommodate the ancillary port uses and leases displaced by future 
rail terminal expansion at the Inner Harbour; and 

 The Rous Head Extension when completed may incorporate spare capacity which could cater 
for disposal of future maintenance dredging activities. 

Port Beach renourishment options were investigated for dredge material disposal.  Wave and 
shoreline modelling studies at Port Beach, including the proposed Rous Head extension, concluded 
that the beach would not change significantly, though there may be some slight accretion of the 
shoreline along Port Beach due to the longshore transport regime (M P Rogers & Associates 2007).  
However, as only 40% of the volume of dredged material will be sand and 60% comprises 
calcarenite, it is unsuitable for beach renourishment without some form of treatment.  Accordingly, 
it is not proposed to investigate Port Beach renourishment further as part of the Inner Harbour 
Deepening Project and the proposed Rous Head extension is the preferred option within this Draft 
PER. 

2.3.3. Rous Head Reclamation Options 

Reclamation and further development of Rous Head is consistent with the sustainable planning for 
the working port as outlined in the Fremantle Ports Inner Harbour Port Development Plan and the 
Rous Head Structure Plan. 

A number of options were considered (see Figure 2-1), both in terms of their suitability for the 
extension of Rous Head, and their ability to accommodate the volume of material to be dredged. 

 Option 1: the Rous Head extension approved by the EPA in 1995, which can accommodate 
300,000 m3 of material; 

 Option 2: minor addition to the already approved area; 

 Option 3: proposed at the strategic dredging workshop held in December 2004, with Option 3 
requiring just over 2 Mm3 of fill and extending along North Mole; or 

 Option 4: also proposed at the strategic dredging workshop, but would require more than 
6 Mm3 of fill to extend from the western-most point of North Mole. 
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At this stage Option 4 is not considered necessary given the large quantity of dredge material 
required.  Option 3 aligns with the Inner Harbour Port Development Plan (2000) and Rous Head 
Structure Plan and therefore has been taken forward for the assessment of environmental impacts 
within the scope of this Draft PER. 

 

 

 Figure 2-1  Rous Head Reclamation Area Options and Volumes 

2.3.4. Offshore Disposal 

The National Ocean Disposal Guidelines for Dredged Material (NODGDM) (Environment 
Australia 2002) provide guidance on the site selection of new disposal areas.  The guidelines 
suggest that a number of alternative sites are investigated together with the preferred site for dredge 
disposal.  At the December 2004 strategic dredging workshop (SKM 2005), offshore disposal at a 
newly created spoil ground was identified as a preferred option if other opportunities could not be 
made available.  Subsequently, in early 2006 Fremantle Ports commissioned SKM to undertake a 
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detailed site selection study for offshore spoil disposal of dredged materials to provide the Port 
with a long-term spoil disposal ground. 

Based on constraints from the planning workshop (as described in Section 2.3.2), the proximity to 
likely dredge areas, estimated capacity, initial assessment of environmental value and potential 
impacts and discussions between the Fremantle Harbour Master and Fremantle Ports, only one site 
was deemed to be suitable for further investigations.  This site proposed for the long-term offshore 
spoil disposal ground is located in an existing ship anchorage on the western margin of Gage 
Roads, southwest of the Deep Water Channel (see Figure 2-2).  The site selection study (see 
Appendix A) concluded that the proposed offshore Spoil Ground would be a suitable site for the 
relocation of dredged material on the basis that: 

 The site is in close proximity to potential dredge areas and has the capacity for future dredging 
programs to accommodate up to 14 MmP

3 of material; 

 It is situated where its use would have minimal environmental impact: 

– the seabed is stable and not subject to strong currents or wave action; 

– the site does not have a habitat that would be adversely affected by disposal; 

– the seagrass meadows of Owen Anchorage are more than 2 km distant; and 

– the nearest coral habitat (Hall Bank) is more than 3 km distant. 

 It is situated in an area of low environmental value and impacted by human activity as follows: 

– the seabed has been highly disturbed by ships’ anchors; and 

– the sediments in the area, whilst below NODGDM screening levels (Environment 
Australia 2002), are not pristine. 
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2.4. Inner Harbour Deepening Proposal 

2.4.1. Existing Operations 

The Inner Harbour provides modern facilities 
for handling container trade, break bulk 
vessels, livestock exports and motor vehicle 
imports.  It is WA’s only dedicated container 
port, with almost all of the State’s container 
trade shipped through this harbour.  The Inner 
Harbour also accommodates cruise ships and 
visiting naval vessels.  To ensure efficiency of 
Inner Harbour operations, each berth is used 
for the purpose to which it is best suited and 

land uses are optimised to reduce impacts outside the port.  The current depths of the Inner Harbour 
and Entrance Channel range from RL -10.0 to -13.4 m (LWMF) and the shallowest depth in the 
Deep Water Channel is RL -15.2 m (LWMF).  Vessels with a maximum draft of 12.8 m can access 
the Inner Harbour using a Dynamic Underkeel Clearance System, subject to tides. 

Rous Head, situated to the north of the Inner Harbour, is a 43 ha port-related industrial estate that 
was created on land reclaimed using material previously dredged from the Inner Harbour.  
Reclamation works at Rous Head commenced in the late 1980s. 
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2.4.2. Dredging History 
In 1892 C.Y. O’Connor was appointed as Engineer-in-Chief to undertake the blasting and dredging 
of the rocky bar that had, until then, blocked the river entrance.  Works included the creation of a 
channel, dredging to deepen the river basin, and construction of two breakwaters (the North and 
South Moles) to protect the entrance to the harbour (Figure 2-3).  The scheme also involved land 
reclamation to allow for the construction of quays and warehouses.  The Inner Harbour was 
officially opened in May 1897, and has operated as a working port since that time.  A map from 
that period is provided in Table 2-2 illustrating the long history of dredging and engineering of the 
river mouth to form the Port. 

 

 Figure 2-3  Fremantle Harbour Works Plan 1901 and Photographs of a Period Dredge 
and Construction Workers Involved in Dredging Operations (Dowson 2003) 
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Since 1897, a number of capital dredging programs have both extended and gradually deepened the 
Inner Harbour from RL -9.3 m (LWMF) to the present day RL -11 to RL -13 m (LWFM) depths 
(see Table 2-2). 

 Table 2-2  Capital Dredging Programmes in the Inner Harbour 

Year Dredging Location Disposal Location Volume (m3) 

1892–01 Inner Harbour construction Disposal north of the Inner Harbour 6,300,000 
1920s Inner Harbour deepening Unknown 1,400,000 
1950s Berth 10 Inner Harbour Land disposal in vicinity of Rous Head and southern 

end of Port Beach 
520,000 

1965–68 Inner Harbour Land reclamation at Port Beach 1,300,000 
1989 Inner Harbour Deepening Rous Head reclamation Stage 1 

EPA Bulletin 342, Ministerial Statement 039 
1,800,000 

2009 Inner Harbour, Deepwater and 
Entrance Channel deepening 

Rous Head Stage 2. 
Offshore at Gage Roads 

3,100,000 

 

Maintenance dredging is periodically required to maintain declared depths, as natural processes 
deposit approximately 5 – 10,000 m3 of sediment per annum at the entrance of the river.  A list of 
previous maintenance dredging campaigns is provided in Table 2-3, with historic and proposed 
disposal sites shown in Figure 2-4.  Actual dredged volumes are not known prior to 1989.  For 
reasons of unsuitable water depth, distance from dredging location, proximity to sensitive habitats, 
none of these sites are currently used, and since 1989 all disposal has been to the Rous Head 
reclamation areas (Stage 1 and Stage 2). 

Maintenance dredging in Success and Parmelia Channels has previously occurred at intervals of 
between two and four years (1992, 1994, 1997, 2001, 2003 and 2007).  Fremantle Ports envisages 
future maintenance dredging for Success and Parmelia Channels will occur at a similar frequency 
with disposal at the Cockburn Cement Limited stockpile area for reuse for quicklime by Cockburn 
Cement. 

Small scale dredging programs (<10,000 m3) at other locations, such as Outer Harbour facilities 
and channels have resulted in disposal offsite as road base material or to the Australian Maritime 
Complex reclamation area. 

Monitoring of both the 1989 and 2003 campaigns in the Inner Harbour provides a firm basis of 
understanding of the potential impacts associated with the proposed dredging work and will be 
discussed further in Section 6. 
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 Table 2-3  Fremantle Ports’ Historic Maintenance Dredging Programmes 

Year Dredging Location Disposal Location Volume (m3) 

1952 Unknown No. 1 Unknown 

1953 
Unknown No. 2 Unknown 

FPA Parmelia Channel No. 3 Unknown 
1962 Armament Jetty in Sulphur Bay C Unknown 

1965–68 
Unknown D Unknown 
Unknown E Unknown 

1972 Unknown F Unknown 
1974 Unknown G Unknown 

1989 
Berths 1–2 Inner Harbour Offsite disposal 100 
Inner Harbour Entrance Offsite disposal 4,370 

Inner Harbour Rous Head reclamation Stage 1 14,575 

1990 
Rous Harbour Rous Head reclamation Stage 1 Unknown 
Alcoa Berths Rous Head reclamation Stage 1 1,600 

1992 Success and Parmelia Channels CCL stockpile area for reuse Unknown 

1994 

Berths D–H Inner Harbour Rous Head reclamation Stage 2 1,440 
Berth 6–12 Inner Harbour Rous Head reclamation Stage 2 3,083 

Wongara Shoal Rous Head reclamation Stage 2 32,000 
KBT Offsite reuse 200 

CSBP Offsite reuse 7,500 
Oil Refinery Jetty Offsite reuse 2,000 

ORJ approach Offsite reuse 2,000 
Success and Parmelia Channels CCL stockpile area for reuse 4,300 

1995 
Inner Harbour Rous Head reclamation Stage 2 51,000 

Berth 4 extension Rous Head reclamation Stage 2 
EPA Bulletin 771 

122,700 

1996 Berth 4–5 Inner Harbour Rous Head reclamation Stage 2 
EPA Bulletin 771 

820 

1997 Success and Parmelia Channels CCL stockpile area for reuse Unknown 

2001 
Medina Channel AMC reclamation area 60,000 

Alcoa berths and Parmelia Channel AMC reclamation area 30,000 

2003 
Inner Harbour Rous Head reclamation Stage 2 42,000 

Success and Parmelia Channels CCL stockpile area for reuse 35,000 
2007 Success and Parmelia Channels CCL stockpile area for reuse 30,000 
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2.4.3. Dredging Methods 

Dredging will be undertaken to deepen the Deep Water Channel, Entrance Channel and Inner 
Harbour using a combination of TSHD and CSD.  The dredged materials will be placed either into 
reclamation or in the offshore spoil ground by the TSHD.  In the outer (western) section of the 
Deep Water Channel and in the Entrance Channel and some areas of the Inner Harbour where 
consolidated material cannot be directly dredged by the TSHD, these materials will initially be 
crushed to between 10 mm and 100 mm sized particles using the CSD.  The crushed material will 
be placed on the seabed directly behind the cutter and will then be removed by the TSHD and taken 
for disposal at the offshore spoil disposal ground or placed into reclamation.  Dredging contractors 
will not be permitted to pump materials from the CSD into hopper barges alongside. 

Approximately 3.1 million cubic metres of material will be dredged in total with approximately 
55% being unconsolidated sediments, mostly comprising sand with small proportions of gravel and 
mud, and the remaining 45% being consolidated materials comprising cemented limestone.  The 
unconsolidated sediments will be used for land reclamation at Rous Head and the crushed 
limestone will mostly be transported to and disposed in the offshore spoil ground. 

2.4.3.1. Inner Harbour 

The Inner Harbour will be dredged to a depth of RL -15.0 m (LWMF) using a combination of 
trailer hopper and cutter suction dredges.  Loose sediments overlaying the limestone will be 
removed by a suitable TSHD and the underlying calcarenite crushed then removed by the TSHD. 

Some of the seabed within the dredging envelope consists of hard calcareous material with strength 
of up to 30 MPa.  A CSD with a minimum of 2,500 kW on the cutter head will be required to 
dredge material of this strength.  In 1989, the deepening of the Inner Harbour was successfully 
completed with the CSD, AD Australia. 

A diagrammatic representation of the Inner Harbour dredging and reclamation arrangement is 
provided in Figure 2-5. 

2.4.3.2. Entrance Channel 

The Entrance Channel will be dredged to a depth of between RL -16.1 and -16.8 m (LWMF) to 
allow for yaw and swell effects of ships entering the Harbour, as shown in Figure 2-6. 

Dredging will be undertaken by crushing the hard material using the CSD and placing the crushed 
material on the seafloor within the channel footprint.  A TSHD will load the crushed material into 
the hopper and dispose to the proposed offshore area or pump it into the reclamation area.  
Overlying loose materials will be removed directly by the TSHD and placed either in the offshore 
spoil disposal area or into reclamation. 
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 Figure 2-5  Illustration Depicting the Inner Harbour Dredging and Rous Head 

Reclamation Works 
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 Figure 2-6  Inner Harbour and Entrance Channel Proposed Extent of Works 

 

2.4.3.3. Deep Water Channel 

The Deep Water Channel will be dredged to a depth of RL -16.5 m (LWMF) on straight sections 
and RL -18.0 m (LWMF) on bends (Figure 2-7).  The only type of dredging plant considered 
practical for the removal of material from the majority of the Deep Water Channel is a TSHD.  
Most of the overlying sandy material can be removed directly by the TSHD and will be placed in 
the reclamation area at Rous Head or into the proposed offshore spoil ground north and west of 
Gage Roads. 

The western extremity of the proposed dredge area of the Deep Water Channel contains 
approximately 100,000 m3 of hard material that will be crushed by the CSD.  As this area is 
approximately 15 km from the Rous Head reclamation area, it is not possible to directly pump this 
material to the reclamation area.  This hard material will be crushed using the CSD and placed 
immediately behind the underwater pump and back onto the seafloor within the footprint of the 
channel.  The TSHD will load the crushed material into the hopper and dispose of the material into 
the offshore spoil ground located west of Gage Roads.  A TSHD of carrying capacity in the order 
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of 8,000 to 15,000 m3 would be used.  The TSHD methodology is described in detail in 
Section 2.4.3.5 and disposal at the proposed spoil ground in Section 2.4.4.2. 

A diagrammatic representation of the Deep Water Channel dredging and proposed offshore 
disposal using a TSHD is provided in Figure 2-8. 

 

 Figure 2-7  Deep Water Channel Proposed Extent of Works 
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 Figure 2-8  Illustration Depicting the Deep Water Channel Dredging and Proposed Spoil 

Disposal 
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2.4.3.4. Cutter Suction Dredge 

A CSD which removes consolidated 
materials is typically a rectangular shaped 
pontoon (Figure 2-9).  On the front it has 
a hinged ‘ladder’ fitted with a ‘cutter 
head’.  The ladder can be lowered so that 
the cutter head touches the seabed.  The 
cutter head is a rotating mechanism fitted 
with pick-points or teeth to break up the 
material to be dredged. 

On the back of the pontoon, cutter spuds 
connect the pontoon to the seabed and act as pivot points for the cutter while slewing the cutter 
head.  These spuds are mounted in ‘spud carriages’.  While one spud is fixed to the seabed, the 
other can be raised and moved forward in its carriage, then lowered and fixed to the seabed.  When 
fixed to the seabed, the spuds provide a horizontal reaction force as the cutter head is pushed 
forward into the material being dredged. 

 

 Figure 2-9  Cutter Suction Dredge – Side and Plan Views  

 

The CSD operates by swinging about a central working spud using a mooring leading from the 
lower end of the ladder to anchors.  By pulling on alternate sides, the dredge clears an arc of cut, 
and then moves forward by pushing against the working spud.  As dredging proceeds, the dredge 
creates a ‘bench’ in the seabed, or crushes hard material to smaller particles.  The process is 
repeated, creating new benches in the seabed until the desired seabed level is achieved, or the 
material is crushed over the required area. 
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Large CSDs are usually self-propelled and can sail to position at the dredging site, where the ladder 
and cutter head are lowered to the seabed and the rotating cutter head mechanism is activated.  The 
rotation of the cutter head and pick points at the seabed, dislodge seabed material and breaks it up 
into smaller particles.  These can then be picked up by a TSHD and pumped into reclamation or 
placed offshore. 

The CSD proposed for the dredging of the Inner Harbour will have a minimum of 2,500 kW on the 
cutter.  A self-propelled CSD is highly beneficial as the CSD will be required to work both outside 
and inside of the Inner Harbour. 

2.4.3.5. Trailer Suction Hopper Dredge 

The TSHD is particularly efficient for 
removal of loose and crushed material over 
large areas.  This dredge operates much like 
a floating vacuum cleaner.  It has a hull in 
the shape of a conventional ship and is both 
highly seaworthy and able to operate without 
any form of mooring or spud.  It is equipped 
with twin suction pipes, one on each side, 
fitted with dragheads (Figure 2-10). 

The dredge removes material in a series of cycles until the required dredge depth has been 
achieved.  A cycle consists of dredging, sailing to the disposal area, discharging the material from 
the hopper and sailing back to the dredging site.   

During dredging, the dredge moves forward, dragheads are lowered to the seabed and a mixture of 
sediment and water is hydraulically lifted through the trailing pipes by one or more pumps and 
discharged into a hopper contained within the hull of the dredge.  The dredge moves slowly over 
the area to be dredged filling its hopper as it proceeds.  The time required to fill a hopper and the 
actual quantity of solids in the hopper at the end of the filling process is decided by two main 
factors: 

 The concentration of material that enters the draghead, which depends on the characteristics of 
the dredged material; and 

 The speed of settlement of material in the hopper, which depends mainly on the grain size of 
the material.  

Dredged material settles in the hopper and water is drained through a controllable hopper overflow 
system with a ‘green valve’ to minimise turbidity and impact, and optimise the dredge payload, 
thereby maximising efficiency of the dredging operation and minimising dredging duration. 
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Whilst travelling to the disposal area, solids settle in the hopper, leaving water at the top of the 
hopper with a low concentration of solids.  At the disposal area the vessel discharges its cargo 
using the bottom doors or bottom valves or by pumping the materials into reclamation areas.  With 
free running materials like silts, sands and gravels, the discharge can be done very quickly. 

  
 Figure 2-10  Trailer Suction Hopper Dredge – Side and Plan Views 

 

2.4.4. Dredge Material Disposal 

Dredge material disposal methods will be determined to suit the dredge or dredgers undertaking the 
work.  Unconsolidated surface materials will be removed using a TSHD and disposed of directly to 
reclamation or offshore spoil grounds.  Harder materials will be crushed and placed directly onto 
the seabed within the dredge footprint by the CSD.  Material that is crushed and placed on the 
seabed will subsequently be removed by the TSHD and either placed in the offshore spoil area or 
pumped ashore for reclamation. 

2.4.4.1. Rous Head Reclamation 

Dredged material pumped to the reclamation area at Rous Head (see Figure 2-11) will be placed 
behind containment bunds.  The outer rock armoured bund will be constructed in advance of the 
dredging to enclose the reclamation area.  This outer bund wall will be lined with geotextile fabric 
such that fine sediment particles are kept within the bunded area thus minimising the potential for 
turbidity in adjacent waters. 

If required, intermediate bunds will be constructed in the reclamation area to increase settlement of 
fine sediments.  The area farthest from the dredge pipeline will incorporate the overflow from the 
reclamation area into the ocean, as shown in Figure 2-11. 
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The bund containment will initially be built up to one metre above high water and will be lined on 
the inside with a geotextile membrane to reduce leakage of the dredged material through the bund 
during the reclamation operations. 

As the level of fill rises in the reclamation area, return water will discharge through overflow pipes 
into the sea adjacent to the existing sea wall.  A silt curtain will be placed at the discharge point to 
minimise turbidity of the overflow water in the adjacent waters.  

Suitable overflow boxes, compatible with the production volume of the dredged material, will be 
built into both the intermediate and the final bund by the dredging contractor. 

The reclamation area will provide sufficient capacity for settlement of the material and an 
allowance for bulking.  Any other extra capacity that may be required during the process of the 
reclamation will be accommodated on site by raising and later lowering the bunds. 

In the detailed design phase of the dredging and disposal program, the final dredging methodology 
and layout of ponds will be revised to accommodate the dredging contractor’s dredging plant and 
work methods.  In particular, consideration will be given to production rates, pumping capacity and 
pipe diameter proposed by the dredging contractor. 

 

 Figure 2-11  Proposed Reclamation Area at Rous Head 
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2.4.4.2. Offshore Spoil Disposal 

Establishment of an offshore disposal site is consistent with Fremantle Ports’ long-term operations.  
Where possible, material from maintenance dredging operations will be reused by Fremantle Ports 
(e.g. for reclamation or supply to Cockburn Cement Ltd).  However, opportunities for future reuse 
are limited.  To address this, a long-term spoil disposal site has been identified in Gage Roads as 
discussed in Section 2.3.2 and Appendix A. 

For the purposes of the Inner Harbour Deepening Project dredge spoil identified for offshore 
placement will be deposited to the proposed spoil ground in Gage Roads over an area of 
approximately 150 ha and up to three metres thick (Figure 2-12).  This smaller disposal area lies 
within the long-term spoil ground and is sufficient for the disposal of dredge material from the 
Deep Water Channel and the outer part of the Entrance Channel.  The whole long-term disposal 
area is outside the scope of this assessment and it is only the 150 ha proposed spoil ground that will 
be assessed within this Draft PER and subject to environmental approval. 

 

 
 Figure 2-12  Location of the Proposed Offshore Spoil Ground within the Longer-Term 

Disposal Area 
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Dredged material will be placed offshore within the boundary coordinates presented in Table 2-4.  
As the disposal area lies within an existing mooring zone, placement of material shall not exceed 
RL -17.0 m LWMF to ensure that large ships are able to pass freely over the area at completion of 
the dredging works. 

 Table 2-4  Coordinates of Proposed Offshore Spoil Ground 

Site Longitude Latitude 

NW corner 115°39.9858 -32°00.80417 

NE corner 115°40.87465 -32°00.81585 

SE corner 115°40.86918 -32°01.39215 

SW corner 115°39.98148 -32°01.38282 
Datum is WGS84 Zone 50 
 

2.4.5. Seawall Construction 

The proposed seawall to contain the reclamation area will extend between the existing Rous Head 
and Rudderham Drive Seawalls and will be built in advance of the dredging and reclamation 
works.  The seawall will be located in water depths of between five and six metres and will have a 
length of approximately 1,000 m. 

The design of the seawall is based on the 50 year average recurrence interval (ARI) wave and water 
level conditions.  These conditions were determined for the site using numerical modelling to 
simulate the estimated 50 year ARI storm event.  To account for climate change to 2060 an 
additional 0.2 m was added to the 50 year ARI water level.  This value was based on the latest 
median predictions by the Intergovernmental Panel on Climate Change (IPCC 2007). 

The seawall will be constructed via end tipped limestone core protected with two to three metre 
thick layers of limestone or granite armour, similar to the existing North Mole.  The alignment of 
the northern arm of the seawall is designed to be a continuation of the existing seawall at Port 
Beach to minimise impacts on the adjacent shoreline.  Core material will be placed to form a bund 
along the seaward face for a minimum thickness of 2.4 m and fine core placed at the rear of the 
structure to reduce permeability of the structure.  A mixed zone of core and fine core will exist 
between these regions.  It is proposed that the core bund be built to a crest level of +3 m chart 
datum (CD) initially, followed by a lift to the ultimate level of +6.5 m CD as a second stage. By 
completing the construction of the seawall in two stages the amount of core material required can 
be reduced through the use of fill on the landward side of the seawall.  The first stage will 
incorporate the placement of a geotextile lining against the initial core bund, followed by the 
placement of fill material to provide adequate working space for the completion of the second stage 
of the works, bringing the bund to its full height of +6.5 m CD. 
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Armour Rock will be placed on the core material once it had been trimmed to the desired slope of 
1:1.5 for the seawall.  Armour will be placed sequentially from the toe of the seawall up to the 
crest.  To prevent the erosion of the core material during construction the armour rock will be 
placed so that no significant sections of core material are left exposed to the waves. 

The existing seawalls at Rous Head contain a significant amount of rock material which will be 
used in the new seawall provided it is suitable.  Where this material is used it is important that the 
port facilities contained behind this material are not threatened by erosion. 

Due to the length of the seawall it will be necessary to construct turning bays for trucks to help 
expedite the construction process.  These turning bays will be constructed on the seaward side of 
the seawall and could potentially be used for future viewing and/or fishing platforms. 

2.4.6. Schedule  

Construction of the seawall is scheduled to commence in April 2009 and is estimated to take 20 
weeks to complete.  Seawall construction will occur six days per week during daylight hours.  The 
timing of the seawall construction between April and September 2009 is critical to allow dredging 
works to commence in September 2009. 

Subject to availability of suitable dredgers, dredging will commence in September 2009, and 
continue for approximately 26 weeks.  Dredging works will be continuous and operations will 
occur 24 hours per day, seven days per week for the duration of the works. 

To accommodate uncertainty with respect to dredge availability and seasonal variations, a number 
of dredging scenarios have been considered within this assessment.  These scenarios (Figure 2-13) 
include:  

 Spring campaign: dredging to commence in September and end in January; 

 Summer campaign: dredging to commence in November and end in March; and 

 Autumn campaign: dredging to commence in January and end in May. 
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Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May

Constraints
Weather unsuitable 

Scenario 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

CSD 20 weeks
THSD 7 weeks

Scenario 2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

CSD 20 weeks
THSD 7 weeks

Scenario 3 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

CSD 20 weeks
THSD 7 weeks

 
  Deep Water Channel 
  Entrance Channel 
  Inner Harbour  
 No Dredging 

 

 Figure 2-13  Movements of CSD and TSHD Dredges during the Spring, Summer and Autumn Dredging Scenarios 
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3. Stakeholder Consultation 
3.1. Introduction 

Fremantle Ports’ mission is to facilitate trade in a sustainable way. Maintaining a positive 
relationship with the community is an essential part of achieving this goal.  Fremantle Ports has a 
proactive community/stakeholder liaison program and has undertaken consultation on a number of 
major infrastructure projects in recent years, with consultation on the Inner Harbour Deepening 
Project currently in progress. 

Community, government and industry briefings/discussions on the Inner Harbour Deepening Project 
have been occurring over the past two years.  This consultation has been undertaken with the Project 
Steering Committee comprising representatives of the Department of Planning and Infrastructure 
(DPI), Department of Treasury and Finance, Department of Industry and Resources (DoIR), WA 
Chamber of Commerce and Industry, Seafreight Council of Western Australia and Shipping 
Australia. 

The project has also been discussed on a number of occasions with Fremantle Ports’ widely 
representative Inner Harbour Community Liaison Group.  This Group has been meeting quarterly for 
the past decade and is a forum for information exchange and for consultation on Fremantle Ports’ 
forward plans and operational issues.  The project has also been discussed on several occasions with 
Fremantle Ports’ equivalent group in the Outer Harbour area, the Kwinana Community Liaison 
Group. Both of these groups have representatives from local government, community and special 
interest groups and industry bodies. 

In addition, the Inner Harbour Deepening Project has been included as a topic in discussions with 
local authorities in the port area. 

Shipping companies and their representatives, stevedores, other port service providers and Fremantle 
Ports’ Inner Harbour area tenants have been briefed and consulted on the Inner Harbour Deepening 
project and further consultation is planned with these groups. 

A briefing with opportunity for discussion, questions and clarification has been provided to the 
North Fremantle Community Association and a similar briefing has been offered to the Fremantle 
Inner City Residents’ Association, with this planned for February 2009. 

Arrangements are in place for consultation with the Conservation Council of Western Australia and 
for further consultation with the Fremantle Chamber of Commerce. 
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3.2. Indigenous Community Consultation  

There has been formal consultation with Aboriginal Elders on the Inner Harbour Deepening Project 
and the Department of Indigenous Affairs and consent under Section 18 of the Aboriginal Heritage 
Act 1972 has been obtained. 

3.3. Community/Industry Workshop 

An independently facilitated community/industry workshop was held by Fremantle Ports on 
5th December 2007 for input on environmental and social issues for the Draft PER document. 
Organisations represented at the workshop are listed in Table 3-1.  A summary of issues raised and 
how they have been resolved in the PER document is presented in Table 3-2. 

 Table 3-1  Stakeholders Attending Community/Industry Workshop 

Organisation 

DP World WA Fishing Industry Council 
Fremantle Chamber of Commerce Fisheries WA 

Fremantle Pilots Cockburn Sound professional fisherman 
Swan River Trust The South West Group 

North Fremantle Community Association Gibson Park Precinct 
Challenger TAFE Fremantle Society 

Leeuwin Ocean Adventure Australian Wool Handlers 
Captain Cook Cruises Port Beach Polar Bears 

LandCorp City of Fremantle 
ING Boating WA 

Fremantle Ports  
 

The proposed deepening of the Inner Harbour was also on the agenda for a strategic industry 
briefing held by Fremantle Ports in June 2008, with an opportunity for questions and clarification.  
Approximately 80 people including representatives of shipping lines, shipping agents, stevedoring 
companies and other port service providers, ferry operators, government agencies, Inner Harbour 
tenants and other port customers attended, along with a number of Fremantle Ports’ staff. 
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 Table 3-2  Summary of Questions and Key Issues Identified and Discussed through 
Stakeholder Consultation 

Matter Comments Location 
in PER 

Has there or will there be 
testing for TBT in the Inner 
Harbour? 

Testing for TBT has been undertaken and the dredged materials 
have been determined suitable for reclamation and relocation 
offshore. 

Section 
4.4.6 

Will the Inner Harbour 
include limestone? 

Yes, the geology is very similar to that at the AMC facility where 
dredging was monitored in 2007, which allows a high level of 
confidence in the outcome. 

Section 
4.4.6 

How far will the plumes 
extend? 

Modelling has been undertaken that shows the limit of the visible 
plume is not predicted to extend far along the coastline and will 
be contained in the immediate offshore area of the reclamation 
area at Rous Head, though may be visible from Port Beach. 

Section 
6.4.4 

Ensure dredging is done 
better than recent dredging 
elsewhere, e.g. Geraldton. 

Fremantle Ports has had regular experience in successfully 
undertaking dredging. In addition, lessons learnt from previous 
dredging in WA in recent times have been taken on board. 
Fremantle Ports has studied the Geraldton Port and AMC 
dredging carefully. 

Section 6.2 

Will there be multiple 
settling ponds at Rous 
Head? 

Dredged material will be placed behind a fully contained bund. 
The number and layout of settling ponds will be determined once 
the dredger is selected to maximise settlement.  

Section 
6.4.5 

What is a silt curtain? It is a screening curtain placed at the outlet pipe from the 
settlement ponds to reduce turbidity.  

Section 
6.3.5 

Potential for silt to disturb 
marine life. 

There will be no impact to corals at Hall Bank and all losses of 
seagrass are below required threshold levels for loss of BPPH.  
There may be some minor impacts to marine fauna utilising the 
Inner Harbour as passage to/from the Indian Ocean, however, 
this will be temporary and passage of marine fauna will not be 
impeded during dredging. 

Section 6.5 
and 6.6 

Has there been any 
modelling on [sand] drift?  

Modelling of the Port Beach has been jointly undertaken by 
Fremantle City, Council, DPI and Fremantle Ports for the existing 
coastline and with Rous Head extended. 

Section 6.8 

Impact on beach profile, if 
any, and need to model 
swell impacts of channel 
deepening. 

The coastline modelling has indicated the extension of Rous 
Head will not adversely impact on the Port Beach profile and 
could result in slight accretion.  

Section 6.8 

Need to avoid erosion of 
Port Beach. Can the 
dredge add sand to the 
beach? 

The coastline modelling has indicated the extension of Rous 
Head will not adversely impact on the Port Beach profile and 
could result in slight accretion.  

Section 6.8 

Before it leaves, can the 
dredge pump clear sand 
onto Port Beach? 

The material to be dredged from the Inner Harbour contains 
limestone and is not suitable for placing on beaches. 

Section 
2.3.2 

Concern over any potential 
for escape of rubble onto 
beaches. 

The reclamation will be undertaken in a way that minimises any 
risk of rubble escaping. 

Section 
7.3.5 

Noise and vibration 
associated with pile 
driving. 

Pile driving activities are not required as part of the dredging and 
reclamation works and therefore do not form part of this PER. 
Separate wharf construction activities will involve pile driving and 
noise and vibration management will be a consideration in 
selecting a contractor or contractors for those works. 

Section 7.7 
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Matter Comments Location 
in PER 

Taking care to ensure 
vibration and turbulence do 
not impact adversely on 
the river dolphin 
population. 

The Inner Harbour / Entrance Channel will remain open to 
ensure the river dolphins have maintained access between the 
Swan River and the Indian Ocean.   

Section 
6.6.5 

Need to know co-ordinates 
of proposed offshore spoil 
dumping ground to avoid 
interfering with lobsters. 

Coordinates of offshore spoil ground are provided in PER. Section 
2.4.4.2 

Public access to outside 
sea wall. 

North Mole will remain open to the public for the most part 
although for safety reasons there may be times when access is 
restricted to sections of the seawall during construction.   

Section 
7.5.5 

Fishing access to 
breakwater. 

Some sections may be restricted at times for safety reasons, 
however at completion of the works an additional 1km of seawall 
will be created and accessible for fishing. 

Section 
7.5.5 

Access to C Shed and to 
the harbour.  

Shipping operations will continue as usual and the deepening 
project will not affect access to C Shed or access for recreational 
boating, although boating will need to avoid the dredging 
operations.  

Section 
7.5.5 

Given the disturbance to 
the harbour, will it be deep 
enough? 

The deepening to accommodate ships to a depth of 14 m, with 
regular maintenance dredging, is expected to be adequate until 
about 2040. 

Section 
1.4.2 

How long will the dredging 
last before it needs to be 
done again? 

Regular maintenance dredging will continue to be required. 
However, once deepening to allow for 14 m draft ships has been 
completed it should be sufficient until about 2040. 

Section 1.4 

Potential impact on 
recreational boating and 
need to provide information 
for yacht clubs, boat ramps 
and mariners. 

The deepening will be carried out in a way that minimises 
impacts. 
Also, the intention is to keep all affected or potentially affected 
stakeholders well informed.  

Section 
7.5.5 

Importance of ongoing 
communication. 
Noticeboards, website, 
media updates in local 
papers, further information 
sessions/workshops.  

Maintaining communication will be important, using various 
means and stakeholder consultation will be ongoing.  

Section 3.5 

Concern that there could 
be congestion on roads if 
pipe goes across, and 
access implications of 
floating piping in the 
harbour for cruise/ferry 
operators.  

Pipeline routes will be determined once a dredging contractor is 
selected. Pipelines will be installed such that they minimise 
interference to traffic. 
The floating pipe can be disconnected from the dredge to allow 
shipping to pass through. Dredging is not expected to cause 
significant disruption to cruise or ferry operations. 

Section 7.7 

Will deepening mean more 
freight arriving? 

The deepening project is being undertaken in response to 
increased efficiency of shipping and larger ships, but fewer visits 
are expected. In itself, deepening is not expected to increase 
freight volumes. However, the bigger ships will carry more freight 
per shipment. 

Section 2.2 

Could a fishing platform be 
built on the new seawall for 
disabled fishers? 

There is a fishing platform already on North Mole for disabled 
fishers.  

Section 
4.6.7.2 
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Matter Comments Location 
in PER 

Consider opportunity for 
boat ramp on or near the 
reclaimed land. A view was 
expressed from one 
participant that safety 
problems could be solved. 

Fremantle Ports does not support the provision of boat launching 
facilities in the Rous Head area for safety reasons and impact on 
efficiency of port operations e.g. potential to add to traffic 
congestion on busy freight access roads. Reclaimed land is 
proposed to be utilised for port related purposes to improve 
efficiency of operations. 

Section 
7.5.5 

Potential economic risk to 
Fremantle should the 
development NOT go 
ahead.  

Economic studies have shown that the Port of Fremantle is a 
significant contributor to the WA and local economy. Efficiency of 
its operations is vitally important for the port’s sustainability.   

Section 2.2 

Potential impact on Port of 
Fremantle if there is no 
deepening. 

If deepening does not go ahead, the bigger ships will bypass 
Fremantle, leading to a reliance on smaller ships providing 
feeder services from other ports. This would increase cost of 
goods imported to and exported from Fremantle and adversely 
impact the wider WA economy.  

Section 2.2 

Risks to ships 
manoeuvring in the 
harbour. 

The dredging operation will be undertaken in a way that does not 
interfere with shipping manoeuvres.  

Section 7.7 

Impact on Number 10 
berth rebuilding on 
shipping. Need to look at 
vessel types that can use 
H Berth. 

Reconstruction of Berth 10 is a separate activity to the dredging 
and reclamation considered under this PER. Notwithstanding, 
consultation with the stevedores has been undertaken on 
sequencing of this project and separate wharf construction 
activities to minimise impacts on shipping.  

Section 7.7 

Consideration of safety 
and whether Rous Head 
should only be used for 
commercial industry, 
removing mixed use of 
roads (i.e. freight sharing 
with bicycles and family 
cars.  

Fremantle Ports does not intend to restrict public access to the 
North Mole and other areas of Rous Head currently accessible 
but would be concerned about any project likely to significantly 
increase non port related traffic in the North Quay/ Rous Head 
area. 

Section 
7.5.5 and 
7.7 

Concern if increased 
freight on roads. 

The Inner Harbour will cater for bigger ships carrying more cargo 
per shipment but the proposed deepening is related to increased 
vessel size rather than increased freight volumes.  

Section 2.2 

An opportunity to increase 
efficiency in rail handling 
through use of reclaimed 
land. 

The second stage of the rail terminal will extend it behind the DP 
World container terminal. The land reclaimed as a result of the 
deepening will be used for this rail extension and other port 
related purposes.  

Section 2.2 

 

An industry technical briefing for contractors was held on 6th May 2008 in advance of the call for 
Early Contractor Involvement proposals.  The purpose of this briefing held at the Fremantle 
Maritime Museum was to raise industry awareness of the Inner Harbour Deepening Project, 
particularly amongst companies with the capacity to undertake this type of work.  The opportunity to 
attend the briefing was advertised in The West Australian (23rd March 2002), The Australian (26th 
March 2008) and on Fremantle Ports’ website.  There were 61 attendees. Responses to questions 
asked at the briefing were placed on the Fremantle Ports’ website. 
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3.4. Consultation with Regulators 

Fremantle Ports has met with the EPA Service Unit (EPASU) and the DEC with respect to the Inner 
Harbour Deepening Project.  A summary of issues raised and where in the PER document they have 
been addressed is provided in Table 3-3. 

 Table 3-3  Summary of Key Issues Identified and Discussed Through Government 
Stakeholder Consultation 

Stakeholder Matter Stakeholder Comments Location 
in PER 

EPASU Water Quality 
Baseline Monitoring 

Water quality can be highly variable throughout the year 
according to the seasons and other factors. The period over 
which the background water quality is to be collected must 
correspond to the time of year that the dredging will be 
undertaken. An additional water quality parameter that 
should be measured is suspended sediment concentration.  
Background sedimentation rates should also be determined 
and consideration given to measuring sedimentation during 
the dredging program. 

Section 
4.4.4 

The ESD should commit to developing a monitoring plan for 
the offshore disposal site as well as for the Rous Head 
reclamation area to determine whether changes in the 
receiving environment within predicted impacts as 
determined by modelling in the PER. 

Elevated Copper 
Levels in the Inner 
Harbour 
 

The EPASU has noted the elevated copper levels 
described in this section and commented on the need to 
trace and determine the source of contamination and 
develop strategies to address the contamination. 
The EPASU requests that further information and 
discussion is provided in both the ESD and the PER on the 
issue of elevated copper levels in the context of gaining a 
better understanding of the existing environment and the 
proponent’s environmental management and/or response to 
environmental monitoring results. 

Habitat Mapping Coral community study – more specifically the study should 
commit to mapping the: 1) extent of coral cover; 2) 
percentage of cover; and 3) community types. 

Section 
4.5.1 

Marine Fauna Fish migration and spawning patterns should also include a 
discussion on the susceptibility/sensitivity of the adults, 
juveniles or larvae to the effects of dredging and higher 
levels of suspended sediment. King prawns should be 
included in the discussion as large numbers of king prawns 
migrate through the inner port and recreational fishing for 
king prawns is a popular activity in the area. 

Section 
4.5.2 

Dolphins regularly move through the inner port area to 
access the Swan Estuary and reverse. The commitment to 
consult with the relevant experts and discuss the impacts 
on dolphin movements will need to be included. 

Environmental 
Quality Criteria 

Application of the Environmental Criteria Reference 
Document for Cockburn Sound. 

Section 
1.5.3 

Impacts on the 
Swan River estuary 

This section should commit to investigating the potential 
impacts of the Inner Harbour deepening on the Swan River 

Section 
6.4.4 and 
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Stakeholder Matter Stakeholder Comments Location 
in PER 

system estuary system, e.g. water quality, marine fauna (e.g. fish 
migration, river dolphin population). 

6.6.4 

Port Beach Re-
nourishment 

The EPASU request information on what type of 
investigations will be undertaken to ‘determine the suitability 
of dredged material for re-nourishment release on Port 
Beach’. 

Section 
6.8 

Dredging 
Methodology 

An additional issue that should be discussed in the PER is 
the identification and description of best environmental 
practice management strategies that can be implemented 
to reduce environmental impacts from each type of dredge. 

Section 
6.4.5 

DEC – Land 
and Water 
Quality 
Branch 
(LWQB) 

Sampling and 
Analysis Plan 
(SAP) for Inner 
Harbour Dredging 
and Land 
Reclamation at 
Rous Head 

The proposed lateral sampling intensity is considered to be 
satisfactory on the basis that this sampling intensity is for 
screening purposes only.  Should any contamination be 
identified then further sampling for both hot spot delineation 
and hotspot detection will be required as per approach 
below agreed in the ESD: 
For the purposes of assessing the impacts of dredging and 
reclamation at Rous Head, the proponent has committed to 
modifying the NODGDM assessment framework to be 
consistent with the EPA’s EQMF.  In broad terms the 
hierarchy to assess the suitability of the Inner Harbour 
sediments for disposal in the Rous Head reclamation area 
from a marine impact and management perspective is as 
follows: 
 Where all marine sediment contaminants are below the 

NODGDM screening level then no further testing will 
be required. 

 Where marine sediment contaminants are above the 
NODGDM screening level but below NODGDM 
maximum level, the following will be carried out: 

 Elutriate testing undertaken and compared against 
water quality guidelines (a high level of ecological 
protection applies outside the reclamation area); and 

 If water quality guidelines are exceeded then 
ecotoxicity studies will be undertaken on the elutriate 
samples to determine whether the return water is likely 
to be toxic. Ecotoxicity testing will be undertaken on at 
least 5 species from 4 taxonomic groups as per 
ANZECC & ARMCANZ (2000). 

 If the return water is likely to be toxic then modelling 
will be undertaken to determine the area of influence of 
the return water plume. 

In addition, where the material contains contaminants 
above the NODGDM maximum level, further sediment 
sampling will be undertaken to delineate “hot spot” area(s). 

Section 
4.4.3 and 
Appendix 
B 

The DEC LWQB’s correspondence to the proponent dated 
30th October 2006 indicated that appointment of a 
Contaminated Site Auditor for this project is a requirement 
under the Contaminated Sites Act 2003.  All future 
contamination investigation, monitoring and validation 
reports will require a mandatory auditor’s report, as 
specified under regulation 31(1)(c)  of the Contaminated 
Sites Regulations 2006. 

Section 
6.4 
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3.5. Consultation with Department of Fisheries 

SKM staff met with staff from the Department of Fisheries on 11 December 2008 to obtain an 
understanding of any issues of concern that the Department of Fisheries may have with regard to 
potential impacts on fish from an Inner Harbour Deepening project proposed by Fremantle Ports. 

A summary of the specific issues which were raised is provided in Table 3-4 and where in the draft 
PER they have been addressed. 

 Table 3-4  Summary of issues raised by Department of Fisheries 

Matter Comments Location 
in PER 

Most fish in the area spawn 
over the spring/summer 
period when dredging is 
proposed. 

A desktop study has indicated that there is a mixture of 
spawning times for key fish species, however a large number 
of species spawn over spring/summer period.  For the majority 
of species spawning occurs over an extended period of several 
months, and dredging operations will move between sites over 
this period, therefore the effects within one area will be short 
term. 

Sections  
4.5.2.2, 
6.6.4.3 

Potential mortality of larvae 
as a result of dredging 
activities during this period 

A desktop study indicates that some species spawn in winter 
and therefore will not be affected.  Other species such as blue 
swimmer crabs, spawning occurs in the ocean and recruit to 
the Swan estuary as juveniles.  As indicated above, dredging 
operations will move between sites over this period, therefore 
the effects within one area will be short term. 

Sections 
4.5.2.2 
6.6.4.3 

The inner Harbor is an 
important site for Mulloway, 
and movement of Mulloway 
to spawning sites may be 
disturbed if dredging is 
undertaken during 
Spring/Summer. 

Dredging operations will move between the following sites; 
Inner Harbour, Entrance Channel, Rous Head, Deep Water 
Channel and Gage Roads, therefore the effects within one 
area will be short term. 

Section 
4.5.2.2 
 

Blue swimmer crab recruits 
reside in seagrasses in the 
outer harbor.  Some key 
recruitment areas may be 
disturbed if spoil grounds are 
placed in the areas identified 
in the proposal. 
 

The proposed spoil ground is at Gage Roads, a natural 
depression of 22 m in some areas.  This area has been used 
as an anchorage for Fremantle Port for many years.  Due to 
these Port activities and the depth only sparse ephemeral biota 
is present. Adjacent habitat to the south of the proposed 
disposal area (HAB 1) appears to be comprised of sparse (<12 
shoots/m2) small patches (approximately 0.5 m2) of Posidonia 
and Amphibolis seagrass.  The benthic habitat to the west of 
the proposed disposal area (HAB 2) was comprised of a dense 
covering of Heterozostera seagrass with little or no epiphytic 
growth on the leaves.  

Section 
4.5.1.6 

There has been a high level 
of loss of blue swimmer crab 
habitat in Cockburn Sound 
and stocks are already 
depleted, therefore there is 
now a higher level of reliance 
on habitat in the Outer 
Harbor for preservation of 
habitat. 

The proposed spoil ground has only sparse ephemeral biota is 
present and is unlikely to be suitable for blue swimmer crab 
recruitment. 

Section 
4.5.1.6 
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3.6. Future Consultation 

Fremantle Ports plans to undertake further consultation with Inner Harbour port users and other 
interested stakeholders, both during the approval process and during implementation (subject to 
approvals being obtained).  Planning and implementation of this forward consultation will be 
undertaken with input and assistance from the managing contractor. 

Information to the community on the Inner Harbour Deepening Project will be provided via 
discussion briefings, newsletters, fact sheets, displays, talks and media.  An expanded section on the 
Inner Harbour Deepening Project on Fremantle Ports’ website is being established to assist with 
communication and consultation on project related issues. 
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4. Existing Environment 
4.1. Regional Setting 

The proposed works are to be carried out at the mouth of 
the Swan River and nearby offshore environment. 

Fremantle Harbour is located on the southwest coast of 
Western Australia, 22 km from the city of Perth and 
comprises an Inner and Outer Harbour.  The Inner 
Harbour is contained within the lower reaches of the 
Swan River estuary and stretches inland from the river 
mouth to the Railway Bridge, and was opened on 4th 
May 1897. 

The Outer Harbour is located 20 km to the south of the Inner Harbour on the shores of Cockburn 
Sound and was opened on 11th January 1955.  Its deepwater bulk port facilities were developed to 
service the Kwinana industrial area, which expanded rapidly in the 1960–70s.  The Outer Harbour 
is one of Australia’s major bulk cargo ports, handling grain, petroleum, liquefied petroleum gas, 
alumina, mineral sands, fertilisers, sulphur and other bulk commodities. 

The coastal region is characterised by limestone pavement which shelves gently offshore to the 
edge of the continental shelf some 20 km from Fremantle.  

Fremantle lies in Australia’s southern temperate zone, experiencing a Mediterranean climate with 
cool wet winters and warm dry summers.  In winter, conditions are dominated by low pressure 
systems which result in winter storms and northerly winds.  Annually, Fremantle has a mean 
maximum daily temperature of 22.1°C, a mean minimum daily temperature of 13.9°C, and mean 
rainfall of 769 mm (Bureau of Meteorology 2006). 

In winter, currents drive freshwater flow from the Swan River to the south and swell induced sand 
movement along the beaches is also to the south.  In summer, however, a diurnal sea breeze pattern 
exists, with winds from the southeast in the morning and southwest in the afternoon.  These 
predominantly southern summer winds tend to create northerly currents and wind driven waves 
move beach sands northwards.  

Mean tidal range in Fremantle is less than one metre (DEP 1996).  The Swan River flows mainly in 
winter and in summer a salt wedge extends up river for many kilometres.  Currents in the river 
mouth are mostly tidally driven and are also influenced from river flow during the wetter months.  
With a large rural and urban catchment, the Swan River is nutrient enriched and carries pollutants 
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out into the marine environment (Brearley 2005).  It is natural for river mouths along the West 
Australian coastline to accumulate sediment, as land-based sediments are flushed downstream by 
the river and fine particulates flocculate as salinity increases.  On the ocean side, wave action tends 
to move marine sediments into the river mouth.  It is estimated that approximately 5–10,000 m3 of 
sediment is deposited annually in the river mouth as a result of these processes (DEP 1996). 

The benthic nearshore habitats are dominated by seagrasses in sheltered waters such as Cockburn 
Sound to the south of the river mouth, and include macroalgae on more exposed limestone 
platforms to the north.  The environment to the north of the river is more dynamic, being less 
sheltered by offshore islands and shoals.  Many areas have shifting sands which occasionally cover 
the limestone platforms, smothering the habitats present.  Drifting wracks of detached seagrass and 
macroalgae are common and at times accumulate on beaches and in offshore areas such as natural 
depressions. 

4.2. Project Area Overview 

The Project Area consists of the following environments: 

 Inner Harbour; 

 Entrance Channel; 

 Rous Head; 

 Deep Water Channel; and  

 Gage Roads. 

 

A satellite image of the Project Area is provided in Figure 4-1. 

Although the Inner Harbour has limited benthic habitat value because of its history and current use, 
it provides the pathway for the migration of fish, crabs and prawns between the Swan River estuary 
and the ocean.  Many species of fish spend the winter in the Harbour. 

The vast majority of the Rous Head area has been reclaimed from the sea.  The seabed within and 
adjacent to the proposed reclamation area comprises coarse sand over limestone pavement, typical 
of the sandy nearshore habitat found along much of the northern metropolitan coastline (Fremantle 
Ports Authority 1988). 

Rous Head is reserved for Port installations and consists of port-related industry.  The outer 
seawalls and North Mole are popular recreational fishing areas.  Port Beach, adjacent to Rous 
Head, is a popular recreational area for beach users and a popular surf break exists at the southern 
end of the beach.  
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The Deep Water Channel, which is located north of Gage Roads and to the east of Rottnest Island, 
has been used as a shipping channel for approximately 50 years.  The sea floor is primarily 
comprised of sandy sediments and interspersed with occasional hard outcrops which support 
macroalgae.  Seagrass of several species at varying density is present at some locations.  This is a 
navigational channel and has not previously been dredged. 

Gage Roads is the name given to a natural depression offshore from the south of the Swan River, to 
the east of Five Fathom Bank and north of Owen Anchorage and Parmelia Bank.  It is over 22 m 
deep in some areas.  

Gage Roads has been used as an anchorage for the port of Fremantle since the time of Settlement.  
These activities have caused disturbances to the sediments.  Due to this and the depth (~20 m) of 
the area, only sparse ephemeral marine biota is present.  
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Figure 4-1 Satellite Image of Project Area
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4.3. Studies and Surveys 

The description of the existing marine environment is based on a comprehensive review of 
literature and data available for the project area and region.  As well, a number of specific physical 
and biological investigations have been undertaken as part of this project.  

Literature reviews concentrated on the following topics: 

 Detailed geotechnical studies of the areas to be dredged; 

 Local environmental quality data; 

 Fish and crustacean migration patterns through the Inner Harbour; and 

 Marine fauna. 

Field and laboratory investigations included: 

 Mapping of benthic habitats in the offshore marine environment of Fremantle Port, with 
specific focus on the proposed project dredge, spoil disposal and land reclamation areas based 
upon:  

– Spectral analysis of satellite imagery; 

– Drop down video camera surveys; and 

– Surveys undertaken by divers using SCUBA. 

 Coral community study at Hall Bank (including photographs and video transects of the site) to 
determine the extent of the habitat supporting corals, an estimation of percentage cover and 
characterisation of the community; 

 Baseline water quality monitoring at Hall Bank, the north end of Rous Head and in Gage 
Roads at the proposed spoil ground (commenced October 2007 and continuing to end 
September 2008 in order to collect one year of baseline data); 

 Sampling and assessment of the characteristics of the benthic infauna present at the proposed 
spoil ground; 

 Sampling and analysis of sediment chemistry characteristics within the Inner Harbour and at 
Rous Head to determine suitability for the placement of dredged material from the Inner 
Harbour at Rous Head; 

 Sampling and analysis of sediment chemistry characteristics within the proposed dredge areas 
of the Deep Water Channel, Entrance Channel and in Gage Roads; and 

 Hydrodynamic modelling including coastal modelling at Port Beach and wave and current data 
collected for verification of the hydrodynamic model used for sediment plume numerical 
modelling. 
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4.4. Physical Marine Environment 

4.4.1. Bathymetry 

Data for the project area bathymetry comes from a number of sources, namely: 

 Navigational Charts; 

 DPI digital data; 

 Regular hydrographical surveys which are carried out to ensure under keel clearances are 
satisfied; and 

 Detailed surveys to provide highly accurate information for the technical planning of the 
proposed works. 

The declared depths of the Inner Harbour range between RL -10.0 and -13.4 m Low Water Mark 
Fremantle (LWMF), with the shallower depth towards the Railway Bridge (SKM 2006b) (see 
Figure 4-2). 

 
 Figure 4-2  Bathymetry of the Inner Harbour and Entrance Channel 

 
Water depth within and adjacent to the proposed Rous Head Reclamation Area ranges from 3–5 m 
(LWMF).  Depths in the Deep Water Channel are variable, ranging from -19.5 m (LWMF) at the 
seaward edge to -14.6 m (LWMF) towards the southern end of the channel, as shown in Figure 4-3 
(Fugro 2006).  The bathymetry of the proposed spoil ground in Gage Roads ranges from RL  
-16.5 m (LWMF) in the extreme northwest and southwest corners to RL -20.5 m (LWMF) in the 
majority of the area (Figure 4-3). 



-2
0.

00
0

-22.000

-18.000

-1
7.

00
0

-10.000

-5.000

-21.000

-19.000

-15.000

0.000

-5
.0

00

-1
8.

00
0

-1
9.

00
0

-17.000

-18
.00

0

-5
.0

00

-21.000

-18.000

-17.000

-17.000

-2
0.

00
0

-17.000

-1
7.

00
0

-5.000

-21.000

-2
1.

00
0

-2
0.

00
0

-22.000

-10.000

-2
2.

00
0

-17.000
-1

8.
00

0

-2
1.

00
0

-1
8.

00
0

-1
0.

00
0

-18.000

-1
7.

00
0

-20.000

-17.000

-1
7.

00
0

-1
8.

00
0

-17.000

-1
0.

00
0

-15.000

-1
7.

00
0

-22.000

-2
0.

00
0

-15.000

-20.000

-1
8.

00
0

0.000

-10.000

-22.000

-18.000

-2
1.

00
0

-10.000

-18.000

-1
0.

00
0

-18.000

-10.000

-17.000

-18.000

-1
0.

00
0

-15
.00

0

-5.000

0.
00

0

-10.000

-2
2.

00
0

-20.000

-18.000

-5.000

-19.000

-17.000

-17.000

-15.000

-18.000

-1
9.

00
0

-1
8.

00
0

-1
7.

00
0

-5.
00

0

-18.000

-18.000

-17.000

-17.000

-1
7.

00
0

-1
9.

00
0

-1
8.

00
0

-18
.00

0

-21.000

-18.000

-18.000

-1
7.

00
0

-5.000

-1
8.

00
0

-5.000

-1
5.

00
0

I:\WVES\Projects\WV03196\Technical\Spatial\Habitat Mapping\ArcMap\g001_WV03196_RevA_ProjectAreaBathymetry.mxd

Datum: GDA94
Map Grid: MGA94 Zone 50

Rev No. 2
Project: WV03196
Drawn: 17/06/2008

Figure 4-3 Project Area Bathymetry
Port of FremantleSinclair Knight Merz

263 Adelaide Tce
Perth WA 6000
Tel: +61 8 9268 4500
Fax: +61 8 9268 9625

0 500 1,000 1,500 2,000250

Metres

Bathymetric Contours (Source: DPI)
0; -5; -10; -15
-17
-18
-19
-20
-21
-22

Proposed Disposal Area
Deep Water Channel



Fremantle Ports  Public Environmental Review 
 

      SINCLAIR KNIGHT MERZ 

PAGE 4-10 I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\4. Existing Environment_09012.doc 

This page has been intentionally left blank  



Fremantle Ports  Public Environmental Review 

  
 
SINCLAIR KNIGHT MERZ 
 
I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\4. Existing Environment_09012.doc PAGE   4-11 

4.4.2. Tides 

Mean tidal heights on the Fremantle coast are shown in Table 4-1.  The highest recorded tide was 
1.98 m on 16th May 2003, while the lowest recorded tide was -0.15 m on 13th January 1886.  The 
dominant tidal cycle at Fremantle is semi-diurnal (DPI 2006). 

 Table 4-1  Expected observable tide heights at Fremantle (DPI 2006) 

Tide Level Mean Height (m) 

Highest Astronomical Tide 1.34 
Mean Higher High Water 0.96 
Mean Lower High Water  0.78 
Australian Height Datum 0.76 
Mean Sea Level 0.75 
Mean Higher Low Water 0.65 
Mean Lower Low Water 0.53 
Lowest Astronomical Tide 0.20 

Includes meteorological effects of short term patterns and El Nino 
 

4.4.3. Wave and Wind Climate 

The Inner Harbour, Deep Water Channel and proposed offshore spoil ground are protected from 
the on-coming swell from the Southern and Indian Oceans by the islands and reef systems between 
Garden Island and Rottnest Island.  Sea conditions here are more locally driven by the wind 
direction and strength.  This can be seen by the difference in mean swell height between the 
Rottnest and Cottesloe Wave Rider Buoys (see Figure 4-4 and Figure 4-5).  
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 Figure 4-4  Cottesloe Wave Rider Buoy 2005 
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 Figure 4-5  Rottnest Wave Rider Buoy 2005 

 

Wind patterns shown in Figure 4-6 were recorded at the Alcoa wind station in Kwinana during 
2002.  Figure 4-6 depicts seasonal patterns, with summer mornings having east to south-easterly 
winds, shifting to south-westerlies later in the day.  Winds are generally lighter during autumn, the 
easterlies continue but the afternoon south-westerlies are reduced in strength and frequency.  
Winter weather patterns bring a change to nor-easterlies and westerly afternoon sea breezes.  
During spring the winds are stronger and predominantly from a southwest to southerly direction. 

The long-shore currents at the proposed offshore spoil ground tend to be wind driven, and as a 
result, generally flow northwards during summer, autumn and spring.  The north-westerly winds 
during winter change the flow of the long-shore current to a southerly direction (SKM 2006a). 
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 Figure 4-6  Representative Wind Roses from 2002 Showing  

Wind Speed, Direction and Frequency 
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4.4.4. Currents and Circulation 

The hydrodynamics of Perth’s coastal waters are a complex combination of wind-induced waves, 
tides, large-scale currents (i.e. the Leeuwin and Capes Currents), localised currents due to density 
differences in the water column and long period waves (DEP 1996). 

Regional circulation varies with season and distance from shore.  In the absence of any wind, the 
dominant flow is to the south, driven by the Leeuwin Current and flows are strongest further off 
shore.  Wind from the south creates a surface current to the north, and the depth of this varies with 
wind speed (Lord and Hillman 1995). 

The dominant influence on the circulation on the continental shelf in the Perth coastal waters is the 
local wind.  Data on both the currents in the lower reaches of the Swan River and in the open 
ocean, at the proposed spoil ground, were obtained from field data collection.  Current and tide data 
were collected at the proposed spoil ground and at the northern end of the Cockburn Sound basin 
by Fugro using an ADCP measuring ocean currents (end January to end March 2007).  These field 
measurements were enhanced by the deployment of five wireless tracked GPS drifting buoys 
(Davis drifters) for five days in the waters between the mouth of the Swan River and Rottnest 
Island (see Appendix G). 

Current speeds ranged from 0–0.2 m/s over the period measurements were taken with an average 
speed of 0.47 m/s (see Figure 4-7).  The dominant current direction recorded was coming from the 
south-southwest. 

 

 Figure 4-7  Representative Current Speeds Measured Between 31st January and 29th 
March 2007 
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4.4.5. Coastal and Seabed Geomorphology 

Information regarding the coastal and seabed geomorphology of the Inner Harbour, Deep Water 
Channel, Rous Head, Port Beach and the proposed spoil ground was obtained from a combination 
of sources including Fremantle Ports (1988), Golder Associates (1999), DPI (2004), SKM (2006a) 
and Fugro (2006). 

4.4.5.1. Inner Harbour, Entrance Channel and Rous Head 

The Inner Harbour and Entrance Channel consist primarily of Tamala Limestone, caprock, and 
coarse cemented coralline materials.  The limestone sand is comprised of medium to coarse grained 
quartz-calcareous sand and the alluvium is comprised of medium grained quartz and feldspar sand.  
A layer of silt overlies the underlying limestone (FPA 1988).  

A simplified description of the Tamala Limestone formation in the seabed of the Inner Harbour 
was given by Golder Associates (1999) and is outlined below: 

 Above Australian Height Datum (AHD): calcareous cap rock (moderately strong calcrete) and 
aeolianite (weakly cemented sands); 

 0–10 m below AHD: coral reef (moderately strong limestone); 

 10–30 m below AHD: calcirudite, calcarenite and calcsiltites (calcareous cemented gravel, 
sand and silts) interbedded with uncemented clays and sand horizons; and 

 Greater than 30 m below AHD: glauconitic sandstone (‘Osbourne Formation’). 

The seabed in the Inner Harbour has been highly modified by various dredging programs.  
Consolidated bedrock in the 10–30 m depth range AHD is generally encountered close to the 
seabed surface, covered with a relatively thin veneer of soft sediments.  Siltation occurs both as 
alluvial deposits as well as from an influx of marine sediments carried into the harbour on flood 
tides.  Shipping traffic also causes sediments to resuspend and deposit within the harbour (Golder 
Associates 1999).  An interpretive geotechnical cross section is provided in Figure 4-8.  

The main feature of the Inner Harbour is the presence of a significant infilled channel or 
paleochannel, approximately 200 m wide (see Figure 4-9; Golder Associates 2006).  The 
paleochannel runs from the river mouth at Berth 12 towards North Quay where the northern flank 
cuts beneath Berths 8, 9 and 10.  From here, it moves in a southwest direction towards the southern 
side of the harbour, where it cuts beneath Berths C, D, E and F.  The paleochannel then enters the 
sea beneath the Fishing Boat harbour.  The paleochannel is generally backfilled with 
unconsolidated sediments, typically loose sands, soft to firm silts, overlying firm to stiff sandy 
clays, with a variable organic component.  Thick deposits of softer sediments are found at depths of 
30–40 m below LWMF (Golder Associates 1999).  
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 Figure 4-8  Interpretive Geotechnical Cross Section 

 

 

   

 Figure 4-9  Location of the Paleochannel 

Paleochannel
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The Entrance Channel is characterised by the presence of a dredged channel, bound by two 
breakwaters (North and South Moles) along the northern and southern edges of the area.  Side scan 
sonar data indicates that the surface sediments in the Entrance Channel (Figure 4-10) are generally 
fine to coarse sand throughout, with the exception of a few patches of coarser sediment material 
(Fugro 2006). 

Rous Head is one of two limestone features where the Swan River entered the ocean at the time of 
European settlement and has since undergone significant modification and development.  Most of 
the present Rous Head area has been reclaimed from the sea as part of a three stage reclamation 
plan.  The seabed in the proposed Rous Head Reclamation Area is comprised of coarse sand over 
limestone pavement and belongs to the geological formation known as the ‘Cottesloe Fringing 
Bank Unit’.  It is a thin (less than six metres thick) wedge of mainly quartzo-feldspathic sand 
developed on the mainland shore between the beach and the 12 m isobath (Searle and Logan 1979).  
Beach material from Port Beach, northwards and adjacent to Rous Head, consists of moderately 
well-sorted medium to coarse mixed quartz/carbonate sand (DPI 2004). 

 

 

 Figure 4-10  Side-scan composite of the Entrance Channel (Fugro 2006) 
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4.4.5.2. Deep Water Channel 

Sub-bottom profiling of the majority of the Deep Water Channel dredge area was carried out by 
Fugro in 2006.  The survey identified three distinct geological units within the near seabed 
geology.  The surface layer consists of variously cemented sand which varies in thickness between 
approximately 3–7 m.  Underlying this layer is likely to be fine silty sands lying above the lowest 
layer identified, which is thought to be shale and limestone.  

4.4.5.3. Gage Roads 

The area of the proposed spoil ground is a natural depression that acts as a sink for soft sediments 
and has no prominent seabed features.  No sand ripples were observed in Gage Roads on the seabed 
at any location during a recent survey (SKM 2006a), indicating that sediment movement by wave 
action was likely to be minimal.  The proposed spoil ground appears to be an area of sediment 
accretion and, hence, stability, although the seabed also appears to be highly disturbed by the 
anchoring of ships (SKM 2006a). 

4.4.5.4. Dredge Material Quantities 

A geotechnical assessment of the materials to be removed by the dredging process was undertaken 
by Evers Consulting (2007) and the following quantities have been estimated representing material 
to be removed: 

 The deep water channel contains 900,000 m3 of soft sediments and 100,000 m3 of hard 
material; 

 The entrance channel contains 200,000 m3 of soft sediments and 900,000 m3 of hard material; 
and 

 The inner harbour contains 450,000 m3 of soft sediments and 450,000 m3 of hard material. 
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4.4.6. Sediment Quality 

Sediments in the Project Area consist of recently deposited material (from both river and sea) and 
underlying sediments.  There is potential for accumulation of contaminants in sediments in the 
Inner Harbour and Entrance Channel due to the flocculation of suspended sediments originating 
from the Swan Canning Catchment, and local inputs from Port activities. 

Sediment quality studies have been carried out in the Port and surrounding environment over a 
number of years.  A summary of all available sediment quality data relevant to the project is 
provided in Table 4-2.  Because of the complexity of the data, the information is presented in the 
context of the various programs.  

 Table 4-2  Summary of Sediment Quality Data for the Inner Harbour and Coastal Waters 

Site/ Location Reference Year and Frequency 
of Collection 

Sediment Parameters 
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Inner Harbour SKM 20031 Before and after dredging 
2001 and 2003   X   X   X X   

Mooring area on 
western margin of Gage 
Roads 

SKM 20062 One off collection 2006 
 X X  X X  X  X   

Marine Quality 
Monitoring Program 

WRC, 2001 
to 20073 

2001 - 2007 
X X X X X X X     X 

Southern Metropolitan 
Waters (Mandurah to 
Fremantle) 

DEP, 19964 1991- 1994, Various times 
through the year X  X X X X    X  X 

Inner Harbour, Rous 
Head, Entrance Channel 

SKM 20075 2007 During dredging - 
one off collection   X X X X X X X  X   

Success and Parmelia 
Channels 

SKM 20076 2003 and  2007 
 X X   X    X X  

Inner Harbour, Deep 
Water Channel and 
Entrance Channel 

SKM 20075 One off collection  2007 
 X X  X X  X  X   

Inner Harbour (for 
maintenance dredging 
sea dumping permit) 

SKM 20077 One off collection  2007 
 X X X X X X X  X   

 
 
1. Fremantle Port Inner Harbour Maintenance Dredging 2003 – Final Monitoring Report. 
2. Fremantle Ports Long-term Dredging Strategy: Site Identification for an Ocean Disposal Area. 
3. Fremantle Port Authority: Marine Quality Monitoring Program, Annual Reports from 2001 to 2007 
4. Southern Metropolitan Coastal Waters Study (1991-1994) Final Report 
5. FPA Inner Harbour Capital Dredging Project: Inner Harbour and Entrance Channel Dredging and Reclamation at Rous Head. 
    Sampling and Analysis Implementation Report. 
6. Success and Parmelia Channels Long Term Maintenance Dredging:  Dredging Environmental Management Plan,  Fremantle Ports. 
7. Pore water analysis. 
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4.4.6.1. Fremantle Ports Marine Quality Monitoring Program 

A long-term Marine Quality Monitoring Program (MQMP) is being undertaken by Fremantle Ports 
to monitor sediment quality at a number of locations in the Inner Harbour, as well as at Blackwell 
Reach, Rous Head Harbour and the Outer Harbour (see Figure 4-11).  The MQMP involves the 
sampling of 17 sites in the region (see Table 4-3) with sampling being particularly focused on the 
Inner Harbour and the adjacent waters to the Kwinana Bulk Cargo Jetty in Cockburn Sound.  These 
areas are key nodes for port related activities and are considered to be at greatest risk of adverse 
environmental impacts.  

 Table 4-3  Marine Quality Monitoring Program Sample Site Details (WRC 2002) 

Site Name Site Description Depth (m) (LWMF) 

FP1 Harbour entrance – South of the Starboard marker 9.2 
FP2 Centrally within Rous Head Harbour – end of Total Harbours Jetty 7.0 
FP3 Middle dolphin near Museum’s boat slipway 5.5 
FP3b The dolphin closest to the sea pens - 
FP3c Near Museum (pylon W120) - 
FP4 Vic Quay East- Adjacent to H Berth (pylon E240) 8.0 
FP5 North Quay East- Adjacent to Berth 10 (pylon E290) 10.5 
FP6 North Quay West- Adjacent to Berth 4 (pylon W112) 11.7 

FP7 End of Jetty at FPA Small Craft Pens  - Near the traffic bridge 
upstream from Inner Harbour 7.4 

FP8 Blackwall Reach, 4km upstream from Inner Harbour (buoy #714) 16.0 
SB9 Success Bank – Port Marker D 14.0 
PB10 Parmelia Bank – Port Marker K 15.5 

(-): Depth not recorded. 

The 17 allocated sites in the MQMP are subject to biannual and annual sampling and analysis of a 
range of key parameters: 

 Metals (Arsenic, Cadmium, Chromium, Copper, Lead, Mercury and Zinc); 

 Organotins – Tributyltin (TBT), Dibutyltin (DBT) and Monobutyltin (MBT); 

 Hydrocarbons; 

 Nutrients (Nitrogen and Phosphorous); and 

 Total organic carbon (TOC). 
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Contaminant levels were noted to be higher at Blackwall Reach, in Rous Head Harbour and at the 
old slipways (Museum site).  However, all of these sites are outside of the dredging areas (and in 
the case of Blackwall Reach outside of Fremantle Ports’ limits). 

As the Inner Harbour is a working port, there is potential for contaminants, particularly tributyltin 
(TBT), to accumulate in the sediments.  TBT is an effective biocide that has been incorporated into 
antifouling paint used on vessels greater than 25 m in size.  While ships are in port, the TBT is 
slowly released from the painted surface, as the polymer is hydrolysed in seawater (US EPA 1997).  
In addition, paint containing TBT often flakes off as a result of contact with berth fenders.  As a 
result of its low water solubility and lipophilic character, TBT adsorbs readily onto particles and 
precipitates to the sea bed (Clarkson 1991).  Previous investigations recorded sediment TBT levels 
above the National Ocean Disposal Guidelines for Dredged Material (NODGDM) screening level 
(5 ng/g), but below maximum level (70 ng/g) in sediments in the Inner Harbour (SKM 2003).  

Elevated copper levels were recorded prior to maintenance dredging of the Inner Harbour in 2003 
at three locations within the harbour, at the berths on the North Quay and Victoria Quay.  In 2003, 
the surface sediments were removed and post-dredging water and sediment quality monitoring 
results show a drop in copper levels (as with all metals) to well below screening levels. 

Fremantle Ports continues to annually monitor copper levels (and other contaminants) in both 
seawater and sediment as part of their existing program.  Any exceedances of copper above the 
NODGDM or ANZECC/ARMCANZ (2000) 90% species protection level will be investigated to 
ascertain if Fremantle Ports’ activities include a potential point source for copper. 

A summary of the sediment analysis results from the MQMP is presented in Table 4-4 and is 
drawn from WRC (2002; 2003; 2004; 2005; 2006; 2007). 
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 Table 4-4  Summary of MQMP Sediment Chemistry Data from the Inner Harbour 

 2001–02 2003 2004 2005 2006 2007 

Metals 

Arsenic Detected at all sites, ranged from 
5 to 9 mg/kg and below the 
EQG/ISQG-Low level of 20 
mg/kg. 

Slightly decreased from 
2002. 

Slightly decreased 
from 2002 and 2003. 

Consistent with 2004. Consistent with 2004 
and 2005. 

Below the EQG/ISQG-Low level of 
20 mg/kg. 

Cadmium Below laboratory detection limit. Below laboratory detection 
limit. 

Below laboratory 
detection limit. 

Below laboratory 
detection limit. 

Below laboratory 
detection limit. 

Below laboratory detection limit. 

Chromium Below the EQG/ISQG-Low level 
of 80 mg/kg. 

Below the EQG/ISQG-Low 
level of 80 mg/kg. 

Below the EQG/ISQG-
Low level of 80 mg/kg. 

Below the EQG/ISQG-
Low level of 80 mg/kg. 

Below the EQG/ISQG-
Low level of 80 mg/kg. 

Below the EQG/ISQG-Low level. 
Ranged from 5.9 to 62 mg/kg. 

Copper Exceeded the EQG/ISQG-Low 
level of 65 mg/kg at two Inner 
Harbour sites (FP3c and FP8). 

Below the EQG/ISQG-Low 
level (65 mg/kg). 

Below the EQG/ISQG-
Low level (65 mg/kg). 

Below the EQG/ISQG-
Low level (65 mg/kg). 

Below the EQG/ISQG-
Low level (65 mg/kg). 

Concentrations below the 
EQG/ISQG low level at all sites 
except NQ1 (76 mg/kg). 

Lead Exceeded the EQG of 50 mg/kg at 
three Inner Harbour sites (FP3, 
FP3c & FP4). Re-sampling EQG 
value was not exceeded. 

All Inner Harbour sites were 
below the EQG/ISQG-Low 
level (50 mg/kg). 

Except for FP4.1, all 
Inner Harbour sites 
were below the 
EQG/ISQG-Low level. 

All Inner Harbour sites 
were below the 
EQG/ISQG-Low level. 

All Inner Harbour sites 
were below the 
EQG/ISQG-Low level. 

All Inner Harbour sites were below 
the EQG/ISQG-Low level. 

Mercury Detected at FP3, FP3b, FP3c & 
FP7. All exceeded the EQG 
detection limit (0.15 mg/kg). FP3, 
FP3b & FP3c contaminated from 
historical slipway activities. 

Detected at sites FP3, FP3c 
& FP7 was above the 
EQG/ISQG-Low (0.15 
mg/kg), and FP3b was above 
the ISQG-High (1.0 mg/kg). 

Inner Harbour 
concentrations were all 
above the detection 
limits (EQG/ISQG-Low 
level). 

Detected at sites FP3, 
FP3c & FP7 above the 
ISQG-Low ISQG-Low 
level. No exceedances 
of ISQG-High. 

Detected at FP3, FP3b 
& FP7 above the 
ISQG-Low level. No 
exceedances of 
EQG/ISQG-High. 

Exceeded the EQG/ISQG-Low at 
FP3 (0.5 mg/kg). 

Zinc All  Inner Harbour sites were 
below the EQG/ISQG-Low level 
(200 mg/kg). 

All sites were below the 
EQG/ISQG-Low level. 

All  Inner Harbour sites 
were below the 
EQG/ISQG-Low level. 

All  Inner Harbour sites 
were below the 
EQG/ISQG-Low level. 

All  Inner Harbour sites 
were below the 
EQG/ISQG-Low level. 

All sites below the EQG/ISQG-Low 
level. Ranged from 7.1 to 
170 mg/kg. 

Organotins 

Organotins Detected at most sites, but most 
concentrations did not exceed the 
EQG levels. TBT exceeded the 
EQG/ISQG-High level of 70 ng/g 
at FP3, FP 3b, FP4, FP5 & FP6. 

Only three Inner Harbour 
sites exceeded the 
EQG/ISQG-High level 
(70 ng/g), compared to five in 
the 2001/02 sampling 
programme. 

Marked decrease in 
TBT across all sites 
since 2003, with 
exception of FP3 
above the EQG/ISQG-
High level. 

No results reported due 
to possible laboratory 
errors. 

No exceedances of 
EQG/ISQG-High level, 
but FP3 and FP3b 
exceeded the ISQG-
Low level of 5 ng/g. 

Not measured. 
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 2001–02 2003 2004 2005 2006 2007 

Hydrocarbons 

Hydrocarbons Not measured. Total Petroleum 
Hydrocarbons and BTEX 
levels were below detection 
limits. 

Polycyclic Aromatic 
Hydrocarbons (PAHs) 
below detection limits. 

PAHs were below 
detection limits. 

PAHs were below 
detection limits. 

Not measured. 

Nutrients 

Nitrogen Ranged from 163 mg/kg (FP7) to 
3,000 mg/kg (FP3c). Nitrate and 
nitrite were below detection limits 
(5 mg/kg). 

Similar to 2001/02. Similar to previous 
years. 

Similar to previous 
years. 

Similar to previous years. 150 mg/kg at NQ2. 

Total Organic 
Carbon 

Ranged from 1,900 mg/kg (FP7) 
to 30,000 mg/kg (FP3c). 

Similar to 2001/02. Similar to previous 
years, except highest 
concentration observed 
at FP7 (34,000 mg/kg).

Similar to 2001/2002 
and 2003. 

Similar to 2001/2002 and 
2003. 

1,500 mg/kg at FP7 to 
33,000 mg/kg 
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4.4.6.2. Inner Harbour and Rous Head 

Particle Size Distribution 
Sediment particle size distribution (PSD) was sampled by divers using hand held corers at 26 
sample sites in the Inner Harbour and four sites within the reclamation area at Rous Head.  The 
location of sites sampled within the Inner Harbour, Rouse Head and the Entrance Channel are 
shown in Figure 4-12.  

 

 
 

 Figure 4-12  Inner Harbour, Rous Head and Entrance Channel Sediment Sampling Sites 
(SKM 2007) 
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Sediment particle sizes were analysed and classified as per the grain size classes shown in 
Table 4-5. 

 Table 4-5  Sediment Size Class Descriptions 

Classification Grain Size (µm) 

Gravel >37,500 
19,000–37,500 
9,500–19,000 
4,750–9,500 
2,000–4,750 

Very Coarse Sand 1,000–2,000 
Coarse Sand 500–1,000 
Medium Sand 250–500 
Very Fine - Fine Sand 180–250 

90–180 
63–90 

Mud <63 
 

Sediments within the Inner Harbour indicate that the surface (0–50 cm) and sub-surface (50–
100 cm) particle sizes have similar percentage distributions in the 38–250 µm size range.  
However, surface samples comprise a greater proportion of larger material in the 500–9500 µm 
size range than sub-surface sediments (see Figure 4-13).  The greater proportion of large material 
in these surface samples may be from the addition of shell fragments and other biological material 
added from marine growth on the bridges and the wharf piles.  A significant accumulation of shell 
material is present immediately downstream of the railway bridge. 

Sediment cores at the proposed Rous Head Reclamation Area were only possible down to 50 cm 
due to corer refusal when hitting hard underlying material.  The surface samples at the four 
locations did not show much variability.  Sediments within the Inner Harbour comprise a greater 
proportion of finer material in the 0–180 µm size range than in the area proposed for reclamation at 
Rous Head (see Figure 4-14).  However, within the larger size material (above 250 µm), sediment 
size distributions are fairly similarly distributed at Rous Head and the Inner Harbour. 

The variability of PSD in the Inner Harbour is evident when the individual surface sediment 
samples are plotted as shown in (see Figure 4-13).  The high proportion of large size material 
(mostly shell fragments) at site IH 16 is a result of its close proximity to a shoal that is covered in 
blue mussel (Mytilus planulatus) shells.  
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 Figure 4-13  Particle Size Distribution of Inner Harbour Surface Sediments (0 – 50 cm) at 

Individual Sampling Sites (SKM 2007) 
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 Figure 4-14  Comparison of Particle Size Distribution from the Inner Harbour, Entrance 
Channel and Rous Head Sediments (SKM 2007) 
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Sediment Chemistry 
Sediment samples were collected from the Inner Harbour and Rous Head (see Figure 4-12) from 
surface (0–50 cm) and sub-surface (50–100 cm) depths.  In total 26 sample locations were sampled 
to one metre depth or refusal, and four sample locations at Rous Head.  Samples were analysed for 
a range of parameters to determine the nature and extent of potential contamination.  Also, the 
viability of depositing dredge material from the Inner Harbour, into the proposed reclamation area 
at Rous Head was evaluated.  Parameters sampled included metals, organotins, pesticides and 
Polycyclic Aromatic Hydrocarbons (PAHs).  The Sampling and Analysis Plan and results are 
detailed in Appendix B. 

A staged approach to testing and management of sediment contamination was agreed in the 
Environmental Scoping Document (ESD).  The approach was to first compare against the National 
Ocean Disposal Guidelines for Dredged Material (NODGDM) (Environment Australia 2002) to 
determine if the dredged material is suitable for ocean disposal.  Appendix B presents the results of 
this sampling.  It was found that TBT, Organochlorine Pesticides (OCPs), and Polycyclic Aromatic 
Hydrocarbons (PAH) in the Inner Harbour and Rous Head sediments have exceeded NODGDM 
screening levels.  Of the metals only mercury in the deeper sediments (50–100 cm) of the Inner 
Harbour exceeded the NODGDM screening levels (see Appendix B).  

Based on previous sediment sampling of the Inner Harbour, it was anticipated that some 
contaminant levels may exceed the NODGDM levels and be unsuitable for ocean disposal.  
However, the dredged material from the Inner Harbour is intended to be disposed to a contained 
reclamation area at Rous Head and will not be disposed of by ocean dumping.  The appropriate 
guidelines for the proposed disposal of this material are therefore the Contaminated Sites 
Management Series: Assessment Levels for Soil, Sediment and Water: Ecological Investigation 
Levels (DoE 2003).  Comparison of Inner Harbour and Rous Head sediments with the Ecological 
Investigation Levels (EILs) is presented in Table 4-6 through Table 4-8. 

Levels of total organochlorine pesticides that exceeded the EILs, were recorded in both Inner 
Harbour surface sediments (0–50 cm) and at Rous Head.  None of the metals or TBT measured 
exceeded the EIL guidelines for land disposal.  This does not preclude the sediments from 
placement in the reclamation area at Rous Head.  Further investigation of Inner Harbour sediments 
is required as per the staged approach to management agreed in the ESD (see Appendix B).  
Elutriate testing of parameters that exceeded NODGDM screening levels was considered the next 
appropriate stage of testing to determine whether there would be an effect from soluble materials in 
the overflow water from the reclamation area.  
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 Table 4-6  Sediment metals and TBT from the Inner Harbour and Rous Head 

Parameter Units PQL EILs a 
Sediment Concentration (95% UCL) 

Inner Harbour 
(0–50 cm) 

Inner Harbour 
(50–100 cm) 

Rous Head 

Antimony mg/kg 5 20 <PQL <PQL <PQL 

Arsenic mg/kg 5 20 4.0 3.6 <PQL 

Barium mg/kg 10 400 6.9 8.2 <PQL 

Cadmium mg/kg 1 3 <PQL <PQL <PQL 

Chromium mg/kg 2 50 14.6 15.6 7.5 

Cobalt mg/kg 2 50 <PQL <PQL <PQL 

Copper mg/kg 5 60 14.9 16.5 <PQL 

Lead mg/kg 5 300 14.6 19.8 <PQL 

Manganese mg/kg 5 500 19.7 24.0 6.8 

Mercury mg/kg 0.01 1 0.15 0.94 <PQL 

Molybdenum mg/kg 2 40 3.0 3.1 <PQL 

Nickel mg/kg 0.1 60 2.2 2.4 <PQL 

Silver mg/kg 2 – <PQL <PQL <PQL 

Zinc mg/kg 5 200 26.8 32.6 <PQL 

Total organic carbon TOC %  – 0.7 1.0 0.1 

Tributyltin TBTb (µg Sn/kg) 0.5 50000 62.5 30.0 1.3 

a Assessment Levels for Soil Sediment and Water (Department of Environment 2003) 
b Normalised to 1% TOC 
Note:  Exceedances above the EIL are in bold. 
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 Table 4-7  Sediment PAHs from the Inner Harbour and Rous Head 

Parameter Units PQL 1) EILs 
a 

2) Sediment Concentration (95% UCL) 

3) Inner 
Harbour (0–50 cm)

4) Inner 
Harbour (50–100 

cm) 

5) Rous 
Head 

C6–C9 mg/kg 10 100 25 82 237 

C10–C14 mg/kg 50 500 126 412 1187 

C15–C28 mg/kg 100 1000 252 823 2374 

C29–C36 mg/kg 100 – 252 823 2374 

Acenaphthene µg/kg 500 – 834 1032 1250 

Acenaphthylene µg/kg 500 – 834 1032 1250 

Anthracene µg/kg 500 10000 834 1032 1250 

Fluorene µg/kg 500 – 834 1032 1250 

Naphthalene µg/kg 500 5000 834 1032 1250 

Phenanthrene µg/kg 500 10000 882 1032 1250 

Low Mol Wt PAHs µg/kg 3000 – 5036 6189 7500 

Benzo[a]anthracene µg/kg 500 – 869 1032 1250 

Benzo[a]pyrene µg/kg 500 1000 851 1032 1250 

Dibenzo[ah]anthracene µg/kg 500 – 834 1032 1250 

Chrysene µg/kg 500 – 855 1032 1250 

Fluoranthene µg/kg 500 10000 965 1032 1250 

2-methylnaphthalene µg/kg 500 – 834 1032 1250 

Pyrene µg/kg 500 10000 942 1032 1250 

High Mol Wt PAHs µg/kg 5500 – 6098 7221 8750 

Total PAHs µg/kg 8500 20000 11116 13410 16250 
a Assessment Levels for Soil Sediment and Water (Department of Environment 2003) 
b Normalised to 1% TOC 
Note:  Exceedances above the EIL are in bold. 
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 Table 4-8  Sediment PCBs and Pesticides from the Inner Harbour and Rous Head 

Parameter Units PQL EILs a 
Sediment Concentration (95% UCL) 

Inner Harbour 
(0–50 cm) 

Inner Harbour 
(50–100 cm) 

Rous Head 

Total PCBs b µg/kg 5 1000 8.3 10.3 12.5 

pp'-DDD µg/kg 50 – 83 103 125 

pp'-DDE µg/kg 50 – 83 103 125 

pp'-DDT µg/kg 200 – 333 413 500 

Total DDT+DDD+DDE µg/kg 300 1000 500 619 750 

Dieldrin µg/kg 50 200 83 103 125 

alpha-Chlordane µg/kg 50 500 83 103 125 

gamma-Chlordane µg/kg 50 500 83 103 125 

Lindane µg/kg 50 500 83 103 125 

Endrin µg/kg 50 500 83 103 125 

alpha-BHC µg/kg 50 500 83 103 125 

beta-BHC µg/kg 50 500 83 103 125 

delta-BHC µg/kg 50 500 83 103 125 

Aldrin µg/kg 50 500 83 103 125 

alpha-Endosulfan µg/kg 50 500 83 103 125 

beta-Endosulfan µg/kg 50 500 83 103 125 

Endosulfan sulphate µg/kg 50 500 83 103 125 

Endrin Ketone µg/kg 50 500 83 103 125 

Heptachlor µg/kg 50 500 83 103 125 

Heptachlor epoxide µg/kg 50 500 83 103 125 

Methoxychlor µg/kg 200 500 333 413 500 

Total OCPs µg/kg 1250 1000 2084 470 3125 
a Assessment Levels for Soil Sediment and Water (Department of Environment 2003) 
b Normalised to 1% TOC 
Note:  Exceedances above the EIL are in bold. 
 

Sediment samples for elutriate testing were collected from the ten sites in the Inner Harbour; 
analyses were undertaken; and the results compared against water quality guidelines to determine if 
the return water is likely to be toxic in the marine environment (a high level of ecological 
protection applies outside the reclamation area). 

Elutriate Testing of sediment samples from the ten Inner Harbour sites showed TBT, PAHs and 
Pesticide levels (Organophosphorous and Organochlorine Pesticides) were all below the analytical 
detection limits.  Metals including cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb), nickel 
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(Ni), silver (Ag) and zinc (Zn) were below the marine water quality guidelines at the 99% species 
protection level (ANZECC/ARMCANZ 2000).  

Arsenic was detected in elutriates from all ten Inner Harbour sites with levels ranging from 3.1 to 
26.1 μg/L.  Background levels of arsenic in seawater used for the elutriation were 1.9 μg/L.  
Elutriate test results presented in Appendix B indicate there would be no effect on organisms in the 
water column.  The Inner Harbour material is considered suitable for use as reclamation fill, if 
return water is managed to ensure adequate dilution.  

Bioavailability testing has also recently undertaken on sediment porewater from Inner Harbour 
samples.  The number of samples and parameters analysed were determined based on maintenance 
dredging requirements of the Port, in the scenario that 50,000 m3 was to be disposed offshore.  
Only three sample locations were required under the NODGDM for this scenario, and while this is 
not considered sufficient for the current proposal it gives an indication of environmental risk.  The 
results of the testing demonstrated that: 

 Cadmium, chromium, copper and lead were below detection (<0.2, 0.5, 1 and 0.2 µg/L, 
respectively); 

 Nickel was below the ANZECC/ARMCANZ (2000) threshold for 99% of species protection; 

 Antimony and arsenic were below the ANZECC/ARMCANZ (2000) low reliability threshold1; 

 Zinc was variable with one sample below detection, one below the ANZECC/ARMCANZ 
(2000) threshold for 99% species protection and one between the thresholds for 99% and 95% 
species protection; 

 TBT was below detection (<2 ng Sn/L); 

 All organochlorine pesticides (OCPs) were below detection; 

 All polychlorinated biphenyls (PCBs) were below detection; and 

 All polynuclear aromatic hydrocarbons (PAHs) were below detection. 

 

On the basis of these sediment chemistry analyses, the material to be dredged from the Inner 
Harbour and Entrance Channel is suitable for use in land reclamation at Rous Head.  Further 
discussion of the suitability of this material for land reclamation is provided in Section 6.4.4.5, and 
management of the Rous Head dredge spoil dumping is provided in the Dredge Spoil Dumping 
Management Plan (Appendix H). 

 

                                                      

1 Low reliability threshold value provided by ANZECC/ARMCANZ (2000) due to insufficient data to generate species protection level 
thresholds. 
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Acid Sulphate Soils 
Acid Sulphate Soils (ASS) are naturally occurring soils, sediments and peats that contain iron 
sulphides, predominantly in the form of pyrite materials.  ASS are widespread around coastal 
regions and are common in estuarine systems.  ASS are benign when in a waterlogged 
environment, however when exposed to air they potentially become oxidised, and can produce 
sulphuric acid.  The acid can cause breakdown of the soil structure releasing aluminium and other 
metals, precipitates and nutrients (DoE 2006). 

The DEC has compiled maps of ASS risk areas for several regions of Western Australia, which 
provide a broad-scale indication of the areas where ASS are most likely to exist.  Swan River 
sediments are shown on the map as having potential ASS.  Samples were taken to establish the 
presence of both potential and actual acid sulphate material in sediments, and determine whether a 
management plan would be required. 

The SPOCAS method was adopted to determine the presence of potential and actual acid sulphate 
sediments.  The results from the Net Acidity test were compared to the action criterion of 0.03% 
sulphur as outlined in the Draft Identification and Investigation of Acid Sulphate Soils (DoE 2006).  
The results of the ASS investigation showed that the Net Acidity of the sediments sampled ranged 
from 0.04% to 0.47%.  As such, the action criterion of 0.03% sulphur was exceeded at each 
sampling location (see Table 4-9). 

 Table 4-9  Net Acidity of Sediments Sampled from the Inner Harbour and Rous Head 

Parameter RH2 RH4 IH1 IH6 IH7 IH11 IH12 IH13 IH14 IH15 IH19 IH22 IH23 IH24 IH25 
Net Acidity 
excluding ANC 
(sulphur units, 
% S) 

0.11 0.04 0.17 0.27 0.45 0.04 0.20 0.29 0.47 0.07 0.31 0.05 0.11 0.21 0.05 

 

4.4.6.3. Entrance Channel and Deep Water Channel 

Particle Size Distribution 
Particle size data was analysed from samples collected at eleven sites within the Entrance Channel 
(see Figure 4-12).  Samples were collected from the surface sediments (0–50 cm) at all sites, 
however, as there was hard material below this depth at most sites, it was only possible to obtain a 
core of sub-surface sediment (50–100 cm) at one site (EC 7).  

Figure 4-15 shows sediment particle size distributions within the surface layer (i.e. 0–50 cm) for 
sites sampled in the Entrance Channel.  The majority of the Entrance Channel sample sites exhibit 
similar particle size class distributions, with less variability across sites than those sampled in the 
Inner Harbour.  Samples from sites EC 4 and EC 7, located at the western end of the Entrance 
Channel, comprised a greater percentage of finer sediments (see Figure 4-12).  At site EC7 where a 
deeper core down to 100 cm was obtained, the sub-surface sediment (50–100 cm) was finer than 
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that of the surface sediment (0–50 cm), particularly in the size range 38–500 µm (see Figure 4-14).  
The geotechnical investigation of that section of the Entrance Channel, interpreted from sub-
bottom profiling data, that the seabed at the western end where EC 7 is located, has a much thinner 
layer of variably cemented sand than the eastern end where sites EC 6 and EC 10 are located 
(Fugro 2006). 

It is notable that the sample from site EC 11 comprised a greater proportion of larger size material 
than at other sites, and is likely to be due to its proximity to the breakwater (see Figure 4-12). 
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 Figure 4-15  Particle Size Distribution of Entrance Channel Surface Sediments (0–50 cm) 

Sediment samples were collected and analysed for PSD at locations in the Deep Water Channel 
(see Figure 4-16).  Samples were collected from the surface (0–50 cm) as the proposed depth of 
dredging is to 50 cm.  

The sediments in the Deep Water Channel have a remarkably similar PSD in the fine and coarse 
size ranges (see Figure 4-17).  The only variation between sampling sites occurred in the size 
range 250–2,000 µm.  The sediments were moderately coarse with a low percentage of fines. 
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 Figure 4-16  Location of Deep Water Channel Sediment Sampling Sites 



Fremantle Ports Public Environmental Review 
 

SINCLAIR KNIGHT MERZ  
 
PAGE 4-38 I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\4. Existing Environment_09012.doc 

0

10

20

30

40

50

60

70

80

90

100

10 100 1000 10000 100000
Particle size (µm)

C
um

ul
at

iv
e 

pe
rc

en
t o

f w
ei

gh
t (

%
w

/w
)

DWC1
DWC2
DWC3
DWC4
DWC5
DWC6
DWC7
DWC8
DWC9
DWC10
DWC11
DWC12
DWC13
DWC14
DWC15
DWC16
DWC17
DWC18
DWC19
DWC20
DWC21
DWC22

 

 Figure 4-17  Particle Size Distribution of Deep Water Channel Sediments at Sampling 
Sites 

 

Sediment Chemistry 
A SAP was prepared for deepening of the Entrance and Deep Water Channels with disposal to an 
offshore spoil ground in accordance with the NODGDM (see Appendix C).  The SAP results 
report will be submitted to the Department of the Environment, Water, Heritage and the Arts 
(DEWHA) as part of the application for a Sea Dumping Permit.  In total, 22 locations were 
sampled in the Deep Water Channel and 11 sites in the Entrance Channel (see Figure 4-12 and 
Figure 4-16, respectively).  

The results are summarised in Table 4-10, and key conclusions are as follows: 

 All samples from the Entrance and Deep Water Channels had metal concentrations below the 
NODGDM screening levels with cadmium and silver being below analytical detection; 

 Organotin levels indicated: 

 Of the 11 samples collected in the Entrance Channel, four exceeded the NODGDM 
screening level resulting in a 95% UCL (8.6 µg/kg re 1% TOC) above the screening level 
but below the maximum level; 

 All 22 samples from the Deep Water Channel were below analytical detection limits; 

 Organochlorine pesticides were below analytical detection limits; and 

 Total PCBs were below analytical detection limits; 
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 PAH levels in the samples from the Deep Water Channel indicated that: 

 All samples were below analytical detection at all sites, except surface sediments collected 
from DWC7 which had measurable levels of fluoranthene and pyrene, although these 
were below NODGDM screening levels; and 

 The 95% UCL of individual PAHs did not exceed the NODGDM screening level; 

 PAH levels in the Entrance Channel indicated that: 

 Most samples exceeded the NODGDM screening level for individual PAHs while 
Anthracene was exceeded in samples taken from surface and deeper sediments.  Samples 
analysed for Dibenzo[ah]anthracene and 2-methylnaphthalene exceeded the screening 
levels in sub-surface sediment samples.  

 

Based on the above sediment chemistry analyses, sediments to be dredged from the Deep Water 
Channel area are considered suitable for unconfined offshore disposal at the proposed spoil ground.  

As some Entrance Channel sediment samples have exceeded NODGDM screening guidelines for 
TBT and PAHs, further investigation of these sediments was required.  Elutriate testing of 
parameters that exceeded NODGDM screening levels was considered the next appropriate stage of 
testing to determine whether there may be an effect on organisms in the water column during 
disposal.  

Sediment samples were collected for elutriate analysis at eight sites within the Entrance Channel 
(see Appendix C).  Results from elutriate testing showed that levels of TBT and PAHs were below 
detection levels in all samples from the Entrance Channel sediments.  

Disposal of dredged material either offshore or at the Rous Head reclamation area is discussed 
further in Section 6.4.4.5.  Management of dredge spoil dumping is provided in the Dredge Spoil 
Dumping Management Plan (Appendix H). 
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 Table 4-10  Sediment Chemistry of Sediments from the Deep Water and Entrance 
Channels 

Parameter Units 

NODGDM Guidelines a Sediment Concentration (95% UCL) 

Screening Maximum
Deep 
Water 
Channel 

Entrance 
Channel 
(0-50 cm) 

Entrance 
Channel 
(50-100 
cm) b 

Proposed 
Spoil 
Ground 

Metals 
Antimony mg/kg 2 25 0.1 0.2 0.5 0.1 

Arsenic mg/kg 20 70 2.8 2.2 2.3 1.7 

Cadmium mg/kg 1.5 10 0.1 0.1 0.1 0.1 

Chromium mg/kg 80 370 10.0 9.8 10.0 11.7 

Copper mg/kg 65 270 0.3 3.7 1.5 0.9 

Lead mg/kg 50 220 0.8 7.9 5.6 1.5 

Mercury mg/kg 0.15 1 0.02 0.0 0.0 0.1 

Nickel mg/kg 21 52 0.3 0.7 0.2 0.9 

Silver mg/kg 1 3.7 0.1 0.1 0.1 0.3 

Zinc mg/kg 200 410 0.6 13.2 8.3 1.8 

Tributyltin c (µg 
Sn/kg) 

5 70 
1.3 8.6 0.6 1.0 

TOC d % – – 0.08 0.27 0.44 0.5 

Total PCBs b µg/kg 23 – 12.5 11.2 5.7 <PQL 

Pesticides e 
pp'-DDD e µg/kg 2 20 <PQL <PQL <PQL <PQL 

pp'-DDE e µg/kg 2.2 27 <PQL <PQL <PQL <PQL 

pp'-DDT e µg/kg 1.6 46 <PQL <PQL <PQL <PQL 

Total DDT+DDD+DDE e µg/kg - - <PQL <PQL <PQL <PQL 

Dieldrin e µg/kg 0.02 8 <PQL <PQL <PQL <PQL 

alpha-Chlordane e µg/kg 0.5 6 <PQL <PQL <PQL <PQL 

gamma-Chlordane e µg/kg 0.5 6 <PQL <PQL <PQL <PQL 

Lindane e µg/kg 0.32 1 <PQL <PQL <PQL <PQL 

Endrin e µg/kg 0.02 8 <PQL <PQL <PQL <PQL 

PAHS b 

Acenaphthene b µg/kg 16 500 10.0 22 9 <PQL 

Acenaphthylene b µg/kg 44 640 10.0 82 209 <PQL 

Anthracene b µg/kg 85 110 10.0 168 138 <PQL 

Fluorene b µg/kg 19 540 10.0 51 22 <PQL 

Naphthalene b µg/kg 160 2100 12.5 27 58 <PQL 

Phenanthrene b µg/kg 240 1500 10.0 322 167 <PQL 

Low Mol Wt PAHs µg/kg 552 3160 62.5 673 603 <PQL 

Benzo[a]anthracene b µg/kg 261 1600 10.0 293 1034 <PQL 

Benzo[a]pyrene b µg/kg 430 1600 10.0 358 1390 <PQL 
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Parameter Units 

NODGDM Guidelines a Sediment Concentration (95% UCL) 

Screening Maximum
Deep 
Water 
Channel 

Entrance 
Channel 
(0-50 cm) 

Entrance 
Channel 
(50-100 
cm) b 

Proposed 
Spoil 
Ground 

Dibenzo[ah]anthracene b µg/kg 63 260 10.0 33.5 123 <PQL 

Chrysene b µg/kg 384 2800 10.0 256 926 <PQL 

Fluoranthene b µg/kg 600 5100 10.0 636 1641 <PQL 

2-methylnaphthalene b µg/kg 70 670 12.0 17 28 <PQL 

Pyrene b µg/kg 665 2600 31.8 712 1782 <PQL 

High Mol Wt PAHs  µg/kg 1700 9600 93.8 2308 6923 <PQL 

Total PAH  µg/kg 4000 45000 156.3 2980 7526 <PQL 
a        National Ocean Disposal Guidelines for Dredged Material (EA 2002). 
b       Only one sediment was able to be taken from Entrance Channel sediments in the 50-100 cm depth range due to 

corer refusal. 
c        Normalised to 1% TOC. 
d       TOC expressed as a mean. 
e        Note that data provided for pesticides were all below PQL and thus have not been halved or normalised against 

TOC levels as per the NODGDM guidelines as this results in artificially high levels and in some cases exceedances 
of screening levels. 

Exceedances above the NODGDM screening level are in bold; and above the NODGDM 
maximum level are in bold and italic. 

4.4.6.4. Gage Roads 

Particle Size Distribution 
Seabed sediments within the proposed spoil ground at Gage Roads were characterised by 
background sampling at eight sites (Figure 4-18) during 2006 (see Appendix A for full report).  
The sampling was conducted over a larger area than proposed spoil ground proposed here.  Four of 
the sampling sites, sites 1 to 4, are within the proposed spoil ground (Figure 4-18). 
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 Figure 4-18  Sediment Sampling Locations of the Proposed Spoil Ground (SKM 2006a) 

 

The sediment was comprised of soft sandy sediment with an average particle size classified as fine 
sand (125–250 µm).  There was some variation in PSD between sites (see Figure 4-19).  For 
example, at sites FPA 3, 4 and 7, the sediments were slightly coarser with a greater proportion of 
medium sand (250–500 µm).  At the other five sites (FPA 1–2, FPA 5–6 and FPA 8), sediments 
had a slightly larger component of very fine sand (63–125 µm). 
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 Figure 4-19  Particle Size Distribution of the Proposed Spoil Ground Sediments 

Source: SKM (2006a) 
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 Figure 4-20  Comparison of PSD in the Deep Water Channel with the Proposed Spoil 
Ground 

Source: SKM (2006a; 2007) 
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When comparing the average particle size distribution of sediments from the Deep Water Channel 
with those of the proposed spoil ground, sediments in the Deep Water Channel were much coarser 
than those at the proposed spoil ground (Figure 4-20).  The difference is likely a function of the 
proposed spoil ground being a much deeper basin protected from large south-westerly swell, which 
allows for accretion of fine sediment.  In contrast, the Deep Water Channel is shallower and is 
exposed to both the south-western swells and the north-westerly winter storm events.  These 
conditions generally result in fine material being removed from the sediments leaving coarser size 
classes. 

Sediment Chemistry 
As part of the site selection study, a marine survey was undertaken at the proposed spoil ground 
and included collection of sediment cores from the top 10 cm of seabed.  Detail of the sediment 
analyses is provided in Appendix A, and results can be summarised as follows: 

 There were no detectable levels of organochlorine pesticides; 

 There were no detectable levels of organophosphate pesticides; 

 There were no detectable levels of polychlorinated biphenyls; 

 There were no detectable levels of PAHs; 

 All metals (including copper) were below NODGDM screening levels; and 

 Normalised TBT levels were below NODGDM screening levels (SKM 2006). 

4.4.7. Water Quality 

Water quality in Fremantle Inner Harbour and coastal waters is influenced by the following: 

 Regional marine water quality; 

 Swan River water quality and associated catchment characteristics; 

 Port activities; 

 Influences from Cockburn Sound and Owen Anchorage; 

 Leaching of chemicals from local sediments; and 

 Discharge of groundwater and direct stormwater discharges. 

 

A summary of key water quality data relevant to the project is provided in Table 4-11.  
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 Table 4-11  Summary of all Water Quality Data Relevant to the Inner Harbour Deepening 

Project Footprint and Surrounds 

Site/ Location Collection of 
Data 

Frequency of 
Collection 

Water Quality Parameters 
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Inner Harbour SKM 20031 Once before and after 
commencement of 
dredging, 2001 and 
2003

 X X        

Inner Harbour, 
Success and 
Parmelia 
Channels, Outer 
Harbour 

Waters and Rivers 
Commission 2 

Annually, 2001 to 2007 

X   X X X   X  

Hall Bank, Rous 
Head, spoil ground 

SKM 20073 Continuous logging of 
data over 9 months 

X   X X X   X X 

Fortnightly profile 
measurements  over 
approx. 6 months 

X X        X 

Southern 
Metropolitan 
waters (Mandurah 
to Fremantle) 

DEP, 19964 Various times through 
the year during 1991-
1994 

   X X    X  

Perth Coastal 
Waters Study 

19945 Spring / summer / 
autumn / winter over 
one year 1994 

X X  X X X X X X X 

Success and 
Parmelia Channels 

SKM 20076 During dredging - one 
off collection  2007 

 X         

AMC dredging Oceanica 20077 Before during and after 
dredging for  2 weeks 
July 2007 

X X        X 

1  Fremantle Port Inner Harbour Maintenance Dredging 2003. 
2  Fremantle Port Authority: Marine Quality Monitoring Program, Annual Reports from 2001 to 2007. 
3  FPA Inner Harbour Capital Dredging Project: Inner Harbour and Entrance Channel Dredging and Reclamation at Rous Head. Public 
Environmental Review (PER) Report. 
4  Southern Metropolitan Coastal Waters Study (1991-1994). 
5  Perth Coastal Waters Study – Water Quality Data (1994. 
6  Success and Parmelia Channels Long Term Maintenance Dredging:  Dredging Environmental Management Plan. 
7 

 

4.4.7.1. Metropolitan Coastal Water Studies 

As a means of better understanding and predicting the ecological responses of Perth’s coastal 
waters to increased nutrient inputs associated with discharge from waste outfalls, the Water 
Authority of Western Australia (WAWA; now the Water Corporation) funded two key studies in 
the metropolitan waters: the Perth Coastal Waters Study (PCWS) and the Southern Metropolitan 
Coastal Waters Study (SMCWS).  These studies have significantly improved knowledge of the 
background levels and natural variability in Perth’s coastal water quality, making them a valuable 
source of comparison for the detection of future environmental changes.  
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The primary aim of PCWS was to provide data on the spatial and temporal characteristics of 
nutrient availability in the metropolitan coastal waters.  The survey was carried out over a period of 
18 months, examining water quality parameters between Yanchep to the north, Tim’s Thicket near 
Mandurah to the south, and west to the 100 m depth contour.  The survey gave particular focus to 
wastewater outfall areas.  Of particular relevance to this project is that the study collected detailed 
seasonal data on light attenuation, suspended sediments and pigments (chlorophyll a and 
phaepohytin) and sedimentation and resuspension with a view to characterising these processes in a 
biological model.  

The correlation between light attenuation, total suspended solids (TSS) and turbidity (measured as 
NTU) was not found to be strong in this study, but was strengthened by inclusion of chlorophyll a, 
and organic percentage in regression analyses.  Data from the control site at Ocean Reef have been 
provided here (Table 4-12).  

The primary aims of the SMCWS were to gain an understanding of the nature, scale and 
distribution of long-term impacts upon the marine environment, and to facilitate the development 
of a comprehensive environmental strategy for the southern metropolitan coastal waters of Perth 
(DEP 1996).  The study was carried out between 1991–1994, encompassing the waters from 
Fremantle to Mandurah and west to the mid continental shelf.  The study examined the physical, 
chemical and biological processes in these waters, with particular emphasis on Cockburn Sound, 
Owen Anchorage and the Shoalwater Islands Marine Park.  

 Table 4-12  Indicative TSS, NTU and Light Attenuation Obtained for the Ocean Reef 
Region 

 Mean TSS 
(mg/L) 

Mean Turbidity
(NTU) 

Mean Light 
Attenuation 
(LAC) 

Sedimentation 
4 m/9 m depth 
(g/m2/d) 

Background Ocean Reef - Perth Coastal Water’s Study (DEC 1996)  
Winter 0.36 0.86 0.10 83.8 / 3,038.6 
Spring 0.36 1.28 0.11 62.8 / 4,727.0 
Summer  0.27 0.56 0.08 31.9 / 77.4 
Autumn 0.29 1.69 0.10 42.9 / 98.5 
Background Cockburn Sound (daytime) DEP (1996)  
Inshore  not measured not measured 0.05 – 0.19 not measured 
Offshore as above as above 0.04 – 0.14 as above 
Draft Environmental Quality Criteria 
Inshore (upper 90% confidence 
interval) 

as above – as 
above 

0.08 (0.09) as above 

Draft Environmental Quality Criteria 
Offshore (upper 90% confidence 
interval) 

as above as above 0.04 (0.05) as above 
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4.4.7.2. Fremantle Ports’ Marine Quality Monitoring Program 

Fremantle Ports’ Marine Quality Monitoring Program (MQMP) measures water quality across 14 
sites within the Inner Harbour, Rous Head and the Outer Harbour (see Figure 4-11), measuring the 
following parameters (WRC, 2002; 2003; 2004; 2005; 2006, 2007): 

 TSS, temperature, salinity, pH and dissolved oxygen (DO); 

 Nutrients (Total Nitrogen (TN), Nitrite (NO2
-), Nitrate (NO3), ammonium (NH4

+), Total 
Phosphorus (TP) and Orthophosphate (PO4

-)); 

 Dissolved copper; 

 Pigments (chlorophyll a, b, c and phaeophytin a); 

 Total Petroleum Hydrocarbons (since 2006) (C6–C9, C10–C14, C15–C28 and C29–C36); and 

 BTEX (since 2006) (benzene, ethyl-benzene, toluene, xylenes and total BTEX). 

The Inner Harbour experiences seasonal changes in water quality, as it receives nutrient-rich 
estuarine waters between winter and spring, which affect a range of physical (e.g. salinity, 
dissolved oxygen, turbidity), chemical (e.g. nutrients and metals) and biological (e.g. 
phytoplankton) parameters.  During this time, ambient water quality is heavily influenced by 
estuarine and catchment conditions upstream (WRC 2002).  Between summer and autumn, 
conditions are dominated by the influence of marine waters.  

The results for sites of relevance to the Inner Harbour and Entrance Channel are as follows: 

 TSS in the Inner Harbour was generally less than 5 mg/L except on a few occasions, which 
may be due to methods of analysis used (see Figure 4-21); 

 The temperature data for the Inner Harbour shows a marked seasonal pattern of higher water 
temperature in summer and lower water temperature in winter; 

 The salinity of the Inner Harbour shows great fluctuation with salinities close to that of 
seawater in summer, and the presence of brackish conditions in winter.  In addition there is a 
gradient of decreasing fluctuations in salinity with distance up river; 

 The pH of Inner Harbour waters remains close to that of seawater (7.8–8.3); 

 The DO saturation in Inner Harbour waters fluctuates within the range of 80–120%; 

 Nutrient levels in the Inner Harbour are generally below the indicative guideline levels set by 
ANZECC/ARMCANZ (2000) with the exception of phosphorus which shows elevated levels; 

 Copper levels in the Inner Harbour have dropped markedly since 2003 to levels that are now 
either at or below the ANZECC/ARMCANZ (2000) trigger value for 90% species protection, 
which is the level of ecological protection afforded to the Inner Harbour; 

 Chlorophyll a, b c and phaeophytin a levels were below detection (0.5 µg/L) at all sites; and 
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 Total petroleum hydrocarbon and BTEX levels were found to be below detection at all sites. 

 

 
 Figure 4-21  TSS Results from the MQMP (2002 to 2007) 

 

4.4.7.3. Baseline Water Quality Monitoring  

Baseline water quality data in the project area has been collected to specifically address issues 
arising from the impact assessment process and focuses on three locations: 

 Proposed offshore spoil ground (Gage Roads); 

 Hall Bank (coral area); and 

 North of the reclamation area at Rous Head. 

 

Of particular interest is the background turbidity (NTU), TSS, and light attenuation coefficient 
(LAC).  These parameters are important for estimation of minimum light requirements for benthic 
primary producers and the determination of appropriate threshold values for prediction of potential 
impacts.  A full report on the monitoring program is presented in Appendix D.  

Due to inherent limitations associated with any one parameter and measurement method, a range of 
techniques and measurement time scales were employed.  Logging instrumentation provides good 
long-term data (so long as cleaning is effective), whereas instantaneous readings and water samples 
validate logged readings and provide additional water quality information.  

Concentrations of TSS at Hall Bank, Rous Head and the spoil ground ranged from 0.6–6.1 mg/L, 
0.25–8.0 mg/L and 0.25–8.2 mg/L, respectively (see Table 4-13).  Over the monitoring period, the 



Fremantle Ports  Public Environmental Review 

 
SINCLAIR KNIGHT MERZ 
 
I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\4. Existing Environment_09012.doc PAGE 4-49 

overall mean TSS concentrations were generally higher, and in most cases significantly greater, 
directly above the seabed than within surface and mid-water column depths. 

Daily median turbidity values determined from the in situ logger ranged from 0.1 to 58.8 NTU over 
the baseline monitoring period (see Table 4-13).  For the majority of the monitoring period NTU 
values have remained relatively low, with the daily median values generally remaining below 
2 NTU.  Periodic elevations in turbidity (peak events) were predominantly observed during or 
immediately after strong winds. 

LAC remained relatively low throughout the baseline period (0.06–0.08), although reduced light 
penetration (PAR) causing an increase in LAC was recorded during periods of high turbidity and 
storm/strong wind events.  LAC determined by instantaneous LiCOR profiles appears to be fairly 
consistent with LAC from the continuous in situ loggers as seen in Table 4-13. 

Data on baseline metal concentrations were obtained as part of the 2003 maintenance dredging 
monitoring program.  Concentrations measured at Rous Head adjacent to the return water discharge 
demonstrated that the settling ponds and internal silt curtain effectively contained the sediment 
bound TBT and metals (SKM 2003).  

 Table 4-13  Water Quality Results from the Baseline Monitoring Programme (October 
2007– November 2008) 

 Halls Bank 
(logged data) Halls Bank Rous Head Gage Roads 

(Spoil Ground) 
Total Suspended Solids (mg/L) 

Range not measured 0.6–6.1 0.25–8.0 0.25–8.2 

Median not measured 1.2 1.65 1.4 

Mean ±SE not measured 1.52 ± 0.11 1.72 ± 0.19 1.87 ± 0.17 

80th percentile not measured 2.0 2.6 2.2 

Turbidity (NTU) 

Range 0.1–58.8 0.2–1.9 0.2–1.2 0.2–3.3 

Mean ±SE 1.78 ±0.04 0.52 ± 0.03 0.47 ±0.04 0.73 ± 0.07 

80th percentile 2.4 0.7 1.2 0.9 

Light Attenuation Coefficient (LAC) (m-1) 

Range 0.00–0.18 0.04–0.08 0.04–0.14 0.02–0.09 

Median 0.06 0.06 0.08 0.06 

Mean ±SE 0.06 ± 0.00 0.06 ± 0.00 0.08 ± 0.00 0.034 

80th percentile 0.08 0.06 0.09 0.07 
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4.5. Biological Marine Environment 

4.5.1. Benthic Habitats 

4.5.1.1. Overview 

The nearshore coastal environment of the Fremantle area consists primarily of sand overlying 
limestone pavement.  The dominant benthic primary producers in this sandy habitat are seagrasses 
in sheltered waters such as Cockburn Sound to the south of the river mouth, and on Parmelia and 
Success Banks.  Although sparse seagrasses are present to the north, there tends to be a greater 
proportion of macroalgae as there are more exposed limestone platforms.  Drifting wrack 
comprised of detached seagrass and macroalgae are common and at times accumulate on beaches 
and in offshore areas such as natural depressions.  

Detailed habitat maps have been prepared for Cockburn Sound and Owen Anchorage (DAL et al. 
2000; Kendrick et al. 2000).  Although major benthic habitats have been identified during the 
Southern Coastal Waters Study (DEP 1996), little detail is available for the project area.  Therefore, 
a habitat mapping exercise was carried out and is summarised below. 

4.5.1.2. Project Area Habitat Mapping 

Habitat mapping was undertaken for the project area and is reported in Appendix E.  The mapping 
used auto-classification of Digital Globe Satellite imagery.  Digital Globe Imagery in both 
panchromatic (black and white) and multi-spectral (visual colour and infra-red) bands for the area 
was obtained on cloud-free days on the 11th January 2004 and 15th July 2007.  The imagery has the 
highest spatial resolution commercially available and has a pixel size of approximately 2.5 m.  The 
auto-classification process produced polygons with colour rendering of seabed with similar spectral 
banding.  Each colour band was then attributed to a habitat type.  The habitats delineated were: 

 Bare sand; 

 Seagrass (all species); 

 Macroalgae (all perennial species); 

 Wrack; and 

 Unidentified habitat (including areas too deep to see clearly).  

 

Extensive groundtruthing was then carried out using a range of techniques including spot dives, 
drop camera surveys and transect survey work.  The resulting habitat map is presented in 
Figure 4-23.  This map provides the basis of the BPPH assessment carried out in Section 6.5.  
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4.5.1.3. Inner Harbour and Entrance Channel 

The existing environment of the Inner Harbour was described in detail in FPA (1988), including 
physical, biological and social environments.  The ecology of the Inner Harbour has been 
significantly modified by removal of the protective bar at the mouth of the Swan River in the 1890s 
and episodic dredging occurring over the past 110 years (see Section 2.4.2).  Dredging and 
shipping movements continually disturb sediments in the harbour making it an unsuitable area for 
the growth of aquatic primary producing organisms.  Today, the Inner Harbour is an area of low 
biological habitat value.  

4.5.1.4. Rous Head 

The majority of the Rous Head area has been reclaimed from the sea.  The seabed comprises coarse 
sand over limestone pavement, typical of the sandy nearshore habitat found along much of the 
northern metropolitan coast line (FPA 1988).  Exposed areas of pavement are seasonally covered 
with macroalgae (see Error! Reference source not found.).  Small isolated patches of seagrass, 
comprising Halophila spp., Posidonia spp. and Amphibolis spp., occur at low densities in the area, 
and the area does not support dense seagrass meadows.  Some of the dark areas in Error! 
Reference source not found. are likely to be detached seagrass and macroalgal wrack.  

 

 
 Figure 4-22  Aerial Photograph of Rous Head 
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4.5.1.5. Deep Water Channel 

The Deep Water Channel, which is located north of Gage Roads and to the east of Rottnest Island, 
has been used as a shipping channel for approximately 50 years.  Preliminary investigations of 
benthic habitat show that the sea floor is primarily comprised of sandy sediments and interspersed 
with limestone pavement outcrops supporting macroalgae.  Seagrass of varying density is present 
in the sand at some locations.  Representative photographs of the Deep Water Channel benthic 
habitat are presented in Figure 4-24. 

Eight species of seagrass were identified:   

 Posidonia sinuosa; 

 Posidonia coriacea; 

 Amphibolis antarctica; 

 Amphibolis griffithii; 

 Heterozostera tasmanica; 

 Halophila ovalis; 

 Syringodium isoetifolium; and 

 Thalassodendron pachyrhizum. 

 

P. sinuosa and Amphibolis spp. had the highest abundance occurring in patches, while the other 
species abundance and distribution was limited.  
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Halophila ovalis, Syringodium isoetifolium 
and Heterozostera tasmanica 

 Wrack 

 

Patchy macroalgae on limestone  Posidonia sinuosa 
 Figure 4-24  Deep Water Channel Representative Habitat Photographs 

 

4.5.1.6. Proposed Gage Roads Spoil Ground 

Gage Roads is the name given to a natural depression offshore from the south of the Swan River, to 
the east of Five Fathom Bank and north of Owen Anchorage and Parmelia Bank.  It is 22 m deep in 
some areas and has been used as an anchorage for Fremantle Port since the time of settlement.  
These activities have caused disturbances to the sediments.  Due to this and the depth of the area 
only sparse ephemeral marine biota is present.  

Ten sites were surveyed in the vicinity of the proposed spoil ground by SKM in 2006 (SKM 2006a) 
(see Figure 4-25).  This survey showed that the area is effectively the bottom of a basin gradually 
sloping into shallower depths along at its boundaries (see Figure 4-26).  There are no seabed 
features proud of the bottom.  No sand ripples were observed at any location during the survey 
indicating that sediment movement by wave action was likely to minimal.  The proposed disposal 
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area appears to be an area of sediment accretion and would indicate stability.  The seabed appears 
to be highly disturbed by the actions of ship’s anchoring.  Large anchor furrows were observed 
near ships at anchor.  

The eight sites investigated within the proposed disposal area indicated that the area was devoid of 
benthic flora apart from a few small patches of Halophila at site FPA 4.  The habitat at each of the 
eight sites is depicted in the photographs provided in Figure 4-27.  The area appears to accumulate 
macroalgal and seagrass wrack.  At the time of the survey, a large quantity of fresh wrack material 
was observed at site FPA 7 in the northern portion of the proposed disposal area.  Divers confirmed 
that material was not attached to the seabed.  The other sites had varying quantities of dead and 
decomposing material.  Sites surveyed within the spoil ground and outside of the proposed disposal 
area are shown in Figure 4-28. 

Additional sites were also surveyed in habitat adjacent to the proposed disposal area.  These were 
HAB 1 (1,500 m to the south) and HAB 2 (2,480 m to the west of the proposed disposal area 
boundary) (Figure 4-26).  The benthic habitat to the south of the proposed disposal area (HAB 1) 
appears to be comprised of sparse (<12 shoots/m2), small patches (approximately 0.5 m2) of 
Posidonia and Amphibolis seagrass.  The depth of the site was 19.1 m which is likely close to the 
depth limit for these seagrasses, hence their sparseness.  The benthic habitat to the west of the 
proposed disposal area (HAB 2) was comprised of a dense covering of Heterozostera with little or 
no epiphytic growth on the leaves.  No other species of seagrass were observed at the site.  
Photographs taken at these sites are shown in Figure 4-29. 

In summary, the proposed disposal area is in a natural depression on the western margin of Gage 
Roads to the west of the Deepwater Channel, in a designated mooring area for vessels visiting the 
Port of Fremantle.  The lack of sand ripples observed during survey work in 2006, indicate minimal 
dispersal of sediment by wave action.  Apart from a few small patches of Halophila, the area is 
devoid of benthic flora, although this area is prone to macroalgal and seagrass wrack 
accumulations.  Distances to the closest sensitive areas are provided in Table 4-13. 
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 Table 4-14  Spoil Ground sample sites and seabed characterisation 

Location Site Depth (m) Seabed description 

Mooring N1 FPA 1 20.3 Bare soft sandy sediment 
Mooring N2 FPA 2 20.2 Soft sandy sediment with accumulations of macroalgal and seagrass wrack 
Mooring N3 FPA 3 19.3 Soft sandy sediment 
Mooring N4 FPA 4 19.7 Soft sandy sediment with sparse patches of live Halophila sp. 
Mooring N5 FPA 5 19.8 Soft sandy sediment with scattered macroalgal and seagrass wrack 
Mooring N6 FPA 6 22.8 Soft sandy sediment with scattered macroalgal and seagrass wrack 

Mooring A FPA 7 16.2 Soft sandy sediment with massive accumulations of macroalgal and seagrass 
wrack 

Mooring B FPA 8 20.7 Bare soft sandy sediment 
South HAB 1 19.1 Soft sediment with very sparse small patches of Posidonia sp.& Amphibolis sp. 
West HAB 2 19.1 Soft sediment with dense Heterozostera sp. 
 

 Table 4-13  Distance from the proposed disposal area boundary to sensitive habitats 

Location Distance (km) Bearing 

Straggler Rocks 3.4 234º SW 
Reef between Straggler Rocks and Champion Rock 4.6 270º  W 
Champion Rock 5.4 270º W 
Success Bank northern seagrass meadows (12 m contour) 2.0 180º S 
Mewstone Island 4.3 184º S 
Rowboat Rock 4.4 180º S 
Hall Bank 3.0 90º E 
Marmion Marine Park 15.4 7º N 
Shoalwater Islands Marine Park 26.4 175º S 
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 Figure 4-25  Satellite image Spoil Ground sampling sites 

FPA 8FPA 7 

FPA 6FPA 5 

FPA 4FPA 3 

FPA 2FPA 1 

HAB 1

HAB 2 
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 Figure 4-26  Bathymetry of the proposed disposal area 

Note: Shaded portion is the existing seabed below RL -16.5 m. 
 The red dotted line indicates the original study area. 



Fremantle Ports Public Environmental Review 
 

      
 SINCLAIR KNIGHT MERZ 

PAGE 4-62 I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\4. Existing Environment_09012.doc 

 

 
FPA 1 – Bare soft sediment FPA 2 – Bare soft sediment with 

accumulations of macroalgal and seagrass 
wrack 

 
FPA 3 –Bare soft sediment 
 

FPA 4 –Soft sediment with sparse patches of 
live Halophila seagrass 

 Figure 4-27  Seabed Photographs at Sites within the Proposed Spoil Ground 
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 Figure 4-28  Seabed Photographs at deep Sites outside the Proposed Spoil Ground 

 

 

FPA 5 –Soft sandy sediment with scattered 
of macroalgal and seagrass wrack 

 FPA 6 –Soft sandy sediment with scattered 
macroalgal and seagrass wrack 

 

FPA 7 –Soft sand with accumulations of 
macroalgal and seagrass wrack (not 
attached) 

 FPA 8 –Bare soft sandy sediment 



Fremantle Ports Public Environmental Review 
 

      
 SINCLAIR KNIGHT MERZ 

PAGE 4-64 I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\4. Existing Environment_09012.doc 

 

 

 
HAB 1 – South of proposed disposal area 
Soft sediment with very sparse small patches 
of Posidonia and Amphibolis 

 HAB 2 – West of proposed disposal area 
Soft sediment with dense Heterozostera 

Figure 4-29  Seabed Photographs at Sites adjacent to the Proposed Spoil Ground 

4.5.1.7. Hall Bank 

Hall Bank lies approximately three kilometres northwest of Rous Head on the edge of the shipping 
channel (Figure 4-30).  The bank rises up to approximately six metres water depth with 
surrounding waters at approximately 15 m.  It is approximately 250 m long and 50–100 m wide, 
and has a high percentage of coral cover in some areas.  The extent and high cover of corals makes 
the Hall Bank unique and of high conservation significance.  

There is historic evidence of coral coverage at Hall Bank (Marsh 1978), and anecdotal evidence 
that the area is an old spoil ground.  To assess the significance of the Hall Bank coral communities, 
the following studies were undertaken (a full description of the work is provided in Appendix E): 

 Identification of coral genera (and species where possible without collection) and comparison 
with historical records; 

 A habitat mapping exercise to determine the overall extent of coral cover; and 

 Detailed transects to more accurately determine the percentage cover. 
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 Figure 4-30  Location of Hall Bank 

Coral Identification 
A total of 13 species were identified; eight genera from the families Favidae, Dendrophyllidae, 
Mussidae and Pocilloporidae.  This compares to 15 species identified by Marsh (1978).  The Favids 
(many not identified to species level) were by far the most common with Goniastrea australiensis 
being identified as having the highest percentage cover (see Figure 4-32). 

Coral Cover 
Coral cover was estimated by visual assessment while diving.  Circumnavigation of the bank was 
carried out, and this along with spot dives and transect surveys is described in Appendix E.  This 
information was used to produce the coral cover map shown in Figure 4-31.  Most of the area 
above about 9 m depth had at least 6–10% coral cover, and around a third of the bank has over 10% 
cover.  Some patches of very high cover (40–70%) were identified, with the largest area being on 
the southwest corner of Hall Bank in 9–12 m of water.  Below 12 m, coral cover declined rapidly 
giving way to bare sand to the west and sparse seagrass to the southwest.  

Hall Bank 
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 Figure 4-31 Hall Bank  Coral Cover and Photographs of High Percentage Cover Areas 
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FAVIIDAE Goniastrea australiensis  FAVIIDAE Unidentified species 

 

 

 

DENDROPHYLLIIDAE Turbinaria spp.   FAVIIDAE Favia favus 

 

 

 
MUSSIDAE Symphyllia wilsoni  POCILLOPORIDAE Pocillopora damicornis 

 Figure 4-32  Representative Photographs of Hall Bank Corals 
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4.5.2. Marine Fauna 

4.5.2.1. Marine Invertebrates 

The Inner Harbour provides two major habitats for benthic marine invertebrates including hard 
surfaces and soft sediment substrates.  Hard substrates such as wharf pylons, rock walls or 
breakwaters and some material or debris on the bottom, provide habitat for a variety of sessile 
invertebrates.  This includes sponges, ascidians, tube worms, anemones, mussels and barnacles, as 
well as mobile invertebrates such as urchins, sea stars and other echinoderms, crabs, nudibranchs 
and many gastropod species.  Marine invertebrates inhabiting the soft sediments of the Inner 
Harbour (commonly referred to as sediment infauna) include echinoderms, crustaceans, gastropod 
and bivalve molluscs and many worms (for example, annelids, sipunculids and nemerteans). 

There are three species of barnacles found in the Inner Harbour commonly attached to wharf 
pylons and hard substrate: Tetraclitella purpurascens, Balanus amphitrite and Balanus variegatus. 
T. purpurascens is an endemic species found in the lower reaches of the estuary and occurs in 
temperate waters throughout Western Australia.  B. amphitrite is common in estuaries and harbours 
worldwide, whilst B. variegatus is an Australasian species commonly found in sheltered waters, 
harbours and on wharf piles (Jones 1987).  These species filter-feed on plankton in the water, and 
in turn are eaten by fish and crabs.  Despite their troublesome fouling nature, they are a vital part of 
the community that keep the estuary healthy. 

The black mussel, Mytilus planulatus, is common in the lower reaches of the estuary.  This edible 
species is most common in the lower reaches of the estuary as the larvae enter the estuary from the 
ocean in spring with the advancing salt water.  A smaller mussel species, Xenostrobus pulex is 
occasionally found on hard surfaces, such as wharf piles and rocks, in the Inner Harbour and 
coastal areas.  An exotic species, the Asian bag mussel, Musculista senhousia, is a recent 
introduction, first found in 1982 and is common in the Inner Harbour.  This species most likely 
arrived as larvae in the ballast water of ships or as a fouling species (Chalmer et al. 1976).  The 
estuarine black mussel Xenostrobus securis, white bivalve Arthritica semen, false mussel 
Fluviolanatus subtorta and tiny gastropod Tatea preisii also often inhabit the lower reaches of the 
estuary during floods (Brearley 2005). 

Amphipods, isopods and the sea-spider crab are commonly found among the rocks and mussel 
clumps in the lower reaches of the estuary, showing a distribution reflecting the seasonal salinity 
regime (Brearley 2005). 

In the deep water area of the proposed spoil ground (Figure 4-18), benthic infauna richness and 
abundance varied between the eight sites sampled (SKM 2006a).  Richness and abundance were 
greater in the central and south-western regions of the proposed spoil ground (sites FPA 4 to 7). 
The infaunal community comprised annelids, molluscs, crustaceans, echinoderms, sipunculids and 
nemerteans, and showed dominance by crustaceans, molluscs and annelids. 
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4.5.2.2. Fish and Crustaceans 

The Inner Harbour provides an important pathway for the migration of fish, crabs and prawns 
between the Swan River estuary and the ocean.  A description of important commercial and 
recreational crustacean and fish species which undergo seasonal migrations through the Swan River 
into and out of the Indian Ocean is described in the following section.  The timing of fish 
migrations is summarised in Table 4-15 and spawning periods in Table 4-16. 

A desktop study was carried out as a commitment within the ESD to identify the key fish species 
that may potentially use the project area.  These include the following: 

 Perth herring (Nematalosa vlaminghi) – Migration from ocean waters to upper reaches of the 
Swan Estuary to spawn in summer months (Smith 2006).  The majority of adults enter the 
estuary in spring, and rapidly migrate through the lower and middle reaches to spawning areas 
in the upper reaches (Chubb and Potter 1984 as cited by Smith 2006).  Spawning occurs in 
December and early January, after which adults return to the ocean in winter.  Small juveniles 
begin appearing in January in the upper estuary, and disperse through the entire estuary over 
the next one to two months (Smith 2006).  The distribution of Perth Herring in the Sawn 
Estuary is linked with variations in salinity.  Recreational fishers have reported large 
aggregations of Perth Herring near Narrows Bridge (Sept–Nov) at night (thought to be 
attracted by light) (Smith 2006).  As the population is an isolated breeding stock and reliant 
upon self-replenishment there is a limited capacity to recover following stock depletion.  
Historical evidence shows current fish stock is already low and possibly declining (Smith 
2006). 

 Sea mullet (Mugil cephalus) – During spring/summer adults migrate downstream to aggregate 
in middle to lower estuary (Chubb et al. 1981as cited by Smith 2006), followed by a migration 
to the ocean to spawn in autumn/winter (Smith 2006).  Whilst the fish are in the ocean waters 
a general northward migration is observed prior to spawning therefore juveniles that enter the 
Swan River estuary during recruitment probably originate from a different estuary to the south 
(Smith 2006), thus creating a widespread south-western regional stock.  Juveniles recruit into 
the estuary from May to November, where they can be found in the middle and upper reaches 
of the estuary at most times of the year, but tend to be found in the lower reaches only in 
spring (Smith 2006).  As adults spawn in the ocean, juvenile recruitment into the Swan 
Estuary is not dependent on the adult population size within the estuary. 

 Yelloweye mullet (Aldrichetta forsteri) – Adults migrate from the Swan River estuary to 
spawn in coastal waters near the estuary mouth from April to August (Smith 2006).  The rate 
of juvenile recruitment into the Swan Estuary is not likely to be dependent on the adult 
population size within the estuary.  Post-larvae fish enter the Swan Estuary from May to 
September (Smith 2006).  Juveniles occur in shallow waters in the upper estuary and in the 
adjacent coastal waters.  The yellow-eyed mullet stock within the Swan River estuary is part 
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of a larger stock located throughout estuaries and marine waters in the south-west.  Mixing of 
estuary stocks occurs both via adult movement and egg/larval dispersal (Smith 2006). 

 Tailor (Pomatomus saltatrix) – Spawning occurs during summer at offshore reefs in Perth, and 
in autumn along the lower west coast south of Perth (Smith 2006).  Juveniles recruit to 
sheltered coastal areas and estuaries, where they remain until maturity.  Juveniles that recruit 
into the Swan Estuary are most likely spawned locally or south of the estuary (Smith 2006), 
and occur in the lower, middle and upper reaches.  As adults spawn in the ocean, juvenile 
recruitment into the Swan Estuary is not dependent on the adult population size within the 
estuary. 

 Black bream (Acanthopagrus butcheri) – Most adults appear to migrate upstream in 
spring/early summer according to salinity preferences (Smith 2006).  Black bream spend their 
entire life cycle in estuaries.  Adults are found in the lower and middle reaches of the estuary 
during winter and in the upper reaches during spring/early summer.  Spawning occurs in the 
Swan Estuary from October to January, peaking in November (Sarre 1999).  Juveniles are 
commonly found in shallow waters during summer, whilst adults prefer deeper waters.  As the 
fish spend their entire life cycle in the Swan River and therefore form a discrete self-
replenishing stock they are inherently vulnerable.  

 Australian herring (Arripis georgianus) – Adults migrate from Swan River estuary to coastal 
waters to spawn during winter (Smith 2006).  Australian herring are predominantly marine 
species forming pelagic schools, and mainly occur in the lower reaches of the estuary.  
Spawning occurs in coastal waters from April to late June (Fairclough 1998 as cited by Smith 
2006), after which adults disperse into coastal and estuarine waters.  Adults enter the Swan 
Estuary during spring and remain until summer/autumn, when they return to the ocean to 
spawn in winter.  Herring within the Swan River form part of a widespread stock distributed 
throughout south-western Australia, from Shark Bay to the south coast of the Gippsland lakes 
(Victoria) (Kailola et al. 1993), therefore a local disturbance will have limited impact on adult 
migration into the Swan River.  

 Mulloway (Argyrosomus hololepidotus) – Older Mulloway are found predominately in the 
lower and middle sections of the Swan Estuary, departing the estuary with the onset of the 
winter rains, and returning in spring/summer (Smith 2006).  Juveniles tend to remain in the 
lower estuary in winter and disperse throughout the estuary during other times of the year 
(Holt 1978, Loneragan et al. 1989 as cited by Smith 2006).  Spawning occurs during 
spring/summer (Smith 2006). 

 Yellowtail flathead (Platycephalus endrachtensis) – Spawning occurs mainly from December 
to February (P. Coulson, pers. comm. cited by Smith 2006) and takes place throughout the 
estuary, suggesting limited mixing between estuarine populations.  The yellowtail flathead 
within the Swan River are thought to be a discrete breeding stock reliant upon self-
replenishment (Smith 2006).  Adults and juveniles are commonly found throughout the 
estuary year round (Loneragan et al. 1989, Kanandjembo et al. 2001 as cited by Smith 2006), 
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but occur mainly in the lower estuary during winter and the upper estuary during 
summer/autumn (Smith 2006). 

 Yellowfin whiting or western sand whiting (Sillago schomburgkii) – Larvae recruit to the 
estuary during flood tides.  This species is predominantly marine with adults inhabiting open, 
sandy areas, while juveniles are commonly found in mangrove, mud or seagrass habitats 
(Kailola et al. 1993).  Adults are most abundant in shallow (<5 m depth) inshore waters, but 
also occur in estuaries (Lenanton 1982, Hyndes et al. 1996 as cited by Smith 2006).  In the 
Swan Estuary, adults and juveniles are common in the lower reaches, but have been known to 
occur in the upper reaches (Loneragan et al. 1989, Kanandjembo et al. 2001 as cited by Smith 
2006).  Spawning occurs in the ocean during spring and summer, therefore providing a single 
stock supporting the south-west estuaries. 

 Estuary cobbler (Cnidoglanis macrocephalus) – A self-replenishing and discrete stock, with 
low levels of mixing between marine and adjacent estuarine populations (Smith 2006).  
Estuary cobbler movement in the Swan River is salinity dependant, where fish are 
concentrated in the upper reaches during spring and early summer, are dispersed throughout 
the estuary in late summer and migrate to the middle estuaries in winter (Kowarsky 1975 as 
cited by Smith 2006).  Spawning occurs from October to December where relatively small 
numbers of eggs are laid in specific habitats in which burrows are formed and then guarded 
(Smith 2006).  This type of reproductive strategy promotes low larval dispersal.  As the 
cobbler is a discrete, self-replenishing stock it would have a limited capacity to recover, 
compounded by an already low breeding stock size, low individual fecundity and limited 
breeding habitats. 

 Yellowtail grunter (Amniataba caudavittata) – The distribution of yellowtail grunter in the 
Swan Estuary is associated with salinities of >30‰ (Wise et al. 1994 as cited by Smith 2006).  
Fish spawn in the upper estuary from mid-November to early February (Potter et al. 1994 as 
cited by Smith 2006) and move downstream to the middle reaches at the beginning of winter.  
The grunter population is a discrete, self-replenishing stock which would have a limited 
capacity to recover if damaged, as its entire life cycle is spent within the river. 

 Smalltooth flounder (Pseudorhombus jenynsii) – Stock structure is generally unknown 
however as spawning occurs in the ocean it is assumed there is single stock over south-
western WA (Smith 2006).  Juveniles occur mainly in the lower estuary but may disperse into 
the middle and upper estuary during the summer/autumn.  Spawning occurs in marine waters, 
with larval transportation into the lower reaches of the estuaries on flood tides (Young and 
Potter 2003 as cited by Smith 2006).  It is assumed that spawning occurs in spring/summer as 
small juveniles appear in the estuaries in summer/autumn (Lenanton 1977 as cited by Smith 
2006). 

 Blue swimmer crab (Portunus pelagicus) – Recruitment to the Swan River estuary fishery is 
considered independent of population size within the estuary as the majority of spawners 
probably come from Cockburn Sound (Smith 2006).  Adults are known to move into the 
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middle and reaches of the estuary during warm periods of the year, while they are found in the 
lower reaches all year round.  Following mating, which occurs in estuarine waters during 
summer (Potter et al. 1983), females migrate to ocean waters to spawn, while males remain in 
estuaries.  Juvenile recruitment usually occurs in spring.  In general, populations have 
relatively fast replacement rates, which allow for the quick recovery from depletion. 

 Western school prawn or river prawn (Metapenaeus dalli) – Spawning occurs in the middle 
and lower reaches of the estuary (November – April, though mainly January – March) (Smith 
2006).  This species inhabits predominantly sandy and muddy benthic habitats in rivers, 
estuaries and inshore waters (Kailola et al. 193), and are confined to the estuary for entire life, 
where the Swan Estuary population is a discrete breeding stock: restricted to the middle and 
lower estuary in winter, and spread to the upper reaches in summer (Smith 2006).  Their 
distribution is dependent upon the salinity of the river, as they prefer water with approximately 
the same salinity of seawater (Smith 2006).  Juveniles are found in shallow (<1.2 m) waters, 
moving into deeper waters as the approach maturity (Potter et al. 1986 as cited by Smith 
2006).  Fluctuations in prawn abundance have been previously attributed to rainfall (Smith 
2006).  The Swan Estuary population is an isolated breeding unit and reliant upon self-
replenishment and therefore a limited capacity to recover from stock depletion (Smith 2006).  

 Western king prawn (Penaeus latisulcatus) – Spawn in the ocean in spring and summer 
(dependent upon water temperatures).  After passing through several larval stages in the ocean 
(2–3 weeks) they migrate into the Swan in spring and summer using incoming tides.  They 
remain in these areas for approximately a year until they reach maturity and migrating back to 
the ocean in late summer.  Therefore recruitment is not dependent upon local populations as 
king prawns are not confined to estuary for entire life cycle. 

Other minor species that may also use the project area include the following: 

 Skipjack trevally (Pseudocaranx wrighti) – Spawning occurs from September to March with 
females capable of multiple spawning (Carter 2005 as cited by Smith 2006).  Larvae have 
been found in the lower Swan Estuary, with larvae abundance declining rapidly from the 
estuary entrance.  This suggests that spawning probably occurs at the estuary entrance or in 
nearshore marine waters (Neira et al. 1992 as cited by Smith 2006). 

 Silver trevally (Pseudocaranx dentex) – Mainly a marine species where juveniles can be found 
in the lower and middle estuaries.  The breeding stock is probably formed over the south-west 
as adults spawn in marine waters (Smith 2006). 

 Tarwhine (Rhabdosargus sarba) – Spawning occurs in lower estuaries on ebb tides from July 
to October (thus eggs are transported immediately out to the estuary) (Hesp et al. 2004 cited 
by Smith 2006).  Juveniles then recruit back into the Swan River before forming schools in 
estuarine waters when maturity is reached.  Juveniles recruiting to the estuary are probably 
derived from various spawning locations and thus recruitment is not dependent upon 
population size within the estuary.  
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 Yellowtail scad (Trachurus novaezelandiae) – Form schools in marine and estuarine waters, 
with adults occurring over offshore reefs and juveniles found on shallow, soft substrates 
(Smith 2006).  Yellowtail scad tend to move offshore with increasing age (Horn 1991 cited by 
Smith 2006).  This species spawns in marine waters, possibly over the inner shelf (Smith 
2006).  Juveniles recruit to inshore and estuarine waters (Neira et al. 1998 cited by Smith 
2006), before moving offshore with age: therefore the fish found in the Swan River are mainly 
juvenile.  These juveniles are part of the south-western stock along coastal waters and 
therefore recruitment in the Swan is not dependent upon population size within the estuary. 

 Bull shark or Swan River whaler (Carcharhinus leucas) – Both juvenile and adult animals live 
in a wide range of habitats from coastal marine, and estuarine to freshwater habitats in sub-
tropical and tropical coastal waters worldwide.  They are often found in rivers or inlets, in 
muddy or murky waters of a high salt content, and are not often reported far out to sea.  
Studies have found animals to breed in the mouth of rivers or estuaries although they are able 
to breed in freshwater.  Juveniles use the shallower, protected bays of low salinity areas of 
estuaries as a nursery ground.  These animals can be found feeding on schools of mullet and 
other fish in West Coast estuaries in summer months, although it is likely for them to be 
present in the river all year round. 

 

In summary, the desktop study has indicated that there is a mixture of spawning times for key fish 
species.  Sea mullet, Yelloweye mullet and Australian herring spawn during the winter months, 
while Tarwhine spawns during winter /spring, and the remaining species favour a spring/summer 
period.  For the majority of species spawning occurs over an extended period of several months.  
The timing of fish movements between the Sawn River Estuary and the Indian Ocean also varies 
with species as shown in Table 4-15.  Spawning times of key fish species found in the Swan River 
Estuary are shown in Table 4-16. 
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 Table 4-15  Activities of Key Fish Species Utilising Fremantle Ports’ Inner Harbour 
during Passage to/from the Indian Ocean and the Swan River 

Species Jan Feb Mar April May Jun July Aug Sept Oct Nov Dec 
Crustaceans 
Blue swimmer 
crab                         
Western school 
prawn Remains in the estuary for its entire life cycle 
Western king 
prawn             
Fish 
Perth herring to estuary    Adults return to ocean    Adults 

return 

Sea mullet            
        

Yelloweye mullet             
Tailor             
Black bream         Migrate upstream 

spring/summer 
Australian 
herring      Adults return to ocean Adults enter estuary  
Yellowtail 
flathead estuary    Lower estuary    Upper 

Yellowfin whiting             
Mulloway      Migrate in response to winter rains     
Estuary cobbler estuary          Upper

 Table 4-16  Spawning times of Key fish species found within Swan River Estuary 
Species Jan Feb Mar April May Jun July Aug Sept Oct Nov Dec 
Crustaceans 
Blue swimmer crab                         
Western school prawn                         
Western king prawn             
Fish 
Perth herring                  
Sea mullet                   
Yelloweye mullet                   
Tailor                   
Black bream                   
Australian herring                   
Yellowtail flathead                         
Yellowfin whiting                         
Mulloway             
Tarwhine             
Estuary cobbler             
Yellowtail trumpeter             
Smalltooth flounder             
Skipjack trevally             

 

Key 
Migration   
Spawning   
Juvenile recruitment   
Aggregation   
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4.5.2.3. Marine Mammals 

The peak southern migration of humpback whales (Megaptera novaeangliae) occurs during mid-
September through November.  Females with calves are commonly seen during this period resting 
in the sheltered Perth waters between Rottnest Island and the mainland (see Figure 4-33).  The 
peak northern migration of humpback whales occurs offshore of Perth along the 200 m contour 
during winter (mid June to late July) (Table 4-16).  The northern migration does not bring whales 
into the vicinity of the proposed dredging or disposal locations. 

 
 

 Figure 4-33  Humpback whale distribution, migration and aggregation areas 

 

Southern right whales (Eubalaena australis) are occasionally seen in the Perth Metropolitan waters 
between mid May to the end of September, however the area is not recognised as a breeding or 
resting area (Table 4-16).  
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 Table 4-16  Activities of Cetaceans Utilising the Offshore Waters in the Vicinity of the 
Deep Water Channel and Proposed Spoil Ground 

Species Jan Feb Mar April May Jun July Aug Sept Oct Nov Dec 
Whales 
Humpback whale                         
Southern right whale                         
 

 

 

The bottlenose dolphin (Tursiops truncates) is the most abundant dolphin species found in the 
Perth metropolitan waters, all year round.  It is likely that a single population with gene flow exist 
within the Perth metropolitan waters as a result of its open nature and lack of habitat barriers 
(Cannel 2004).  Other dolphin species are observed in the Perth waters, however they are generally 
found further offshore in the Perth Canyon (Cannel 2004).  These include: 

 Risso’s Dolphin (Grampus griseus); 

 Spinner Dolphin (Stenella longirostris); 

 Common Dolphin (Delphinus delphis); and 

 Striped Dolphin (S. coeruleoalba). 

 

Bottlenose dolphins are documented along the entire Western Australian inshore coastline (Cannel 
2004), however, they are generally more abundant in sheltered embayments and estuaries such as 
that of Cockburn Sound/Owen Anchorage and the Swan-Canning Estuary.  Although dolphins are 
observed migrating along the open coastline, those found in more enclosed areas are thought to be 
a separate ‘community’ as they are long-term, year round residents who generally do not associate 
with outside individuals.  

Most local research to date has concentrated on the distribution of dolphins in Cockburn Sound and 
Owen Anchorage.  A long-term study by Murdoch University’s School of Biological Sciences 
recorded approximately 200 individual ‘resident’ dolphins within Cockburn Sound/Owen 
Anchorage foraging in all main habitat types present in the area (Donaldson and Kobryn 2004).  
Observations of movements suggest that dolphins each appear to have a home range of 
approximately 80 km2, however, for a significant proportion, the outer reaches of the Sound 
encompasses their entire home range (Calver and Finn 2001).  Throughout the life of the project, 
Cannell (2004) observed approximately 40 individual dolphins within the Inner Harbour of the 
Swan-Canning Estuary, and suggested that 20 to 25 utilise the estuary on a daily basis by following 
consistent pathways, showing a preference to edge habitats. 

Key  
Migration   
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Male Australian sea lions (Neophoca cinerea) are commonly observed resting on the eastern beach 
of Carnac Island and are known to forage in Cockburn Sound.  Breeding colonies are concentrated 
along the mid-west coast, near Jurien Bay and Greenhead and therefore breeding females and 
juveniles are unlikely to be found in the proposed dredge areas and spoil ground (Campbell 2005). 

4.5.2.4. Seabirds 

Piscivorous birds that forage in the lower reaches of the Swan Estuary include the pied cormorant 
(Phalacrocorax varius), little pied cormorant (Phalacrocorax melanoleucos), black cormorant 
(Phalacrocorax carbo), little black cormorant (Phalacrocorax sulcirostris), darter (Anhinga 
melanogaster), Australian pelican (Pelicanus conspicillatus), Caspian tern (Hydroprogne caspia), 
fairy tern (Sterna nereis), crested tern (Sterna bergii) and silver gull (Larus novaehollandiae).  
Cormorants feed by diving to catch small fish and bottom-dwelling organisms, whilst gulls are 
scavengers (Brearley 2005). 

4.5.2.5. Marine Pest Species 

In the Australian marine environment some species of crabs, mussels, seastars and seaweeds have 
been introduced from foreign waters and have the potential to become marine pests.  The exact 
number of marine species that have been introduced to Australia is unknown.  Of the introduced 
marine species the Australian Ballast Water Management Advisory Council lists nine as target 
introduced pest species and four as marine pests that pose a significant threat to Australia (CRIMP 
2000).  Fremantle (including Cockburn Sound and the lower Swan River) has 46 introduced 
species (Huisman et al. 2008).  In addition to the high vessel activity in the Fremantle marine area, 
there is also considerable habitat diversity (both natural and artificial), which provides a variety of 
niches for introduced species to occupy (Huisman et al. 2008).  The targeted pest species in 
Western Australia are the dinoflagellates Alexandrium minutum and Alexandrium tamarense, the 
polychaete Sabella spallanzanii and the mollusc Musculista senhousia (Huisman et al. 2008).  

Eradication of introduced marine species is extremely difficult. Prevention, early detection and 
monitoring are vital tools in eliminating and controlling the further spread of marine pests.  
Management guidelines apply for all international vessels arriving at Fremantle Port.  Vessels are 
required to manage their ballast water in accordance with the Australian Quarantine Inspection 
Service (AQIS) mandatory ballast water requirements.  Ships must submit a Quarantine Pre-Arrival 
Report (QPAR) to AQIS 12 to 48 hours prior to arrival.  Ships must also complete the ballast water 
uptake/discharge log and treatment/exchange log and retain these on board. 

At present there is no legislation – state or federal – in regard to biofouling on vessels; however 
both jurisdictions are developing legislation to minimise the risks of introducing marine pests via 
biofouling on all visiting international vessels, which is expected to come into force in July 2009.  
Hazard analysis of different vessel classes prepared by AQIS to identify which vessel classes pose 
the greatest potential hazard of accumulating and translocating biofouling pests to Australian 



Fremantle Ports Public Environmental Review 
 

      
 SINCLAIR KNIGHT MERZ 

PAGE 4-78 I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\4. Existing Environment_09012.doc 

waters indicates that non-trading vessels (including dredges) presents a high risk for the 
introduction of marine pests. 

Fremantle Ports has undertaken a baseline introduced marine species study in conjunction with 
CSIRO’s Centre for Research on Introduced Marine Pests (CRIMP) in April and May 1999 
(CRIMP 2000).  The survey focused on habitats and niches within the port and its adjacent 
coastline, that are likely to be inhabited by introduced species if present.  Of the Australian Ballast 
Water Management Advisory Council (ABWMAC) listed marine pest species, only two were 
found within the Fremantle Port survey area – the European fan worm (Sabella spallanzanii) and a 
small infaunal mussel (Musculista senhousia).  In addition, the dinoflagellate species (Alexandrium 
tamarense) was detected in low concentrations (CRIMP 2000).  No other ABWMAC pest species 
were recorded.  

The European fan worm was found throughout the CRIMP survey area, notably in Rous Head 
Harbour, North Quay and at channel marker 10 (CRIMP 2000).  The population within Rous Head 
Harbour is of particular concern as sightings indicated the presence of large numbers of juvenile 
worms coating the pylons at all depths.  S. spallanzanii causes major fouling on anthropogenic 
structures and may prevent the settlement of other organisms.  When present in high densities, 
S. spallanzanii may adversely affect shellfish culture operations which rely on the settlement of 
wild spat either by reducing the available surface for settlement or by reducing the availability of 
planktonic food in the water column (CRIMP 2000).  

The small infaunal mussel, Musculista senhousia, was found in the Inner Harbour, Southern Flats 
of Cockburn Sound and the Northern Bank Area (CRIMP 2000).  This opportunistic bivalve can 
colonise anthropogenic structures as well as forming thick mats of byssus that anchor into the soft 
sediment habitats, out-competing resident biotic communities (Crooks 1998). 

Several other introduced and cryptogenic species were recorded.  These are recognised as having 
been translocated to Australia but do not pose significant economic or environmental threat 
(CRIMP 2000). 

In 2007 Fremantle Ports partnered with the Department of Fisheries (DoF) to reassess the 
abundance and distribution of the previously identified marine pest species.  The European fan 
worm was not as widespread as previously reported and no specimens of the Asian date mussel 
were found. Fremantle Ports will continue to work with DoF in monitoring marine pest species. 

4.5.2.6. Matters of National Environmental Significance 

A search of the online EPBC Act Protected Matters Search Tool was conducted using a line search 
encompassing the Inner Harbour, Entrance and Deep Water Channels, and proposed spoil ground, 
with a 1 km buffer.  A copy of the EPBC Act Protected Matters Report is provided in Appendix E. 
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A referral under the EPBC Act was submitted to the DEWHA (then Department of Environment 
and Heritage) in December 2005.  It was determined that the proposed works are not considered to 
be a controlled action and that approval under Part 9 of the EPBC Act is not required (see 
Section 1.1).  Although disposal of material offshore was included within the referral, it did not 
specify the exact location of the proposed offshore disposal ground.  The Commonwealth’s 
decision that the action is not a controlled action included ‘deepening of the Deep Water Channel, 
Entrance Channel and Inner Harbour, together with the extension of the Rous Head reclamation 
area and deposit of excess spoil offshore’ and stated that offshore disposal of dredge spoil should 
be carried out with the relevant Commonwealth permit conditions where they may apply.  

A search of the EPBC Act Protected Matters Search Tool reported 26 threatened species, 19 
migratory species and 51 listed marine species that may occur in the project area.  Appendix F lists 
each species, conservation status and the likelihood of their presence within the project area.  These 
species consist of a range of marine mammals, marine reptiles, sharks and seabirds.  The marine 
fauna are unlikely to be impacted by the dredging and sea disposal of materials, as the fauna are 
mobile and the offshore areas do not offer significant habitat.  Cetaceans are only occasionally 
found inshore near Fremantle and typically occur well offshore (see Section 4.5.2.3).  

4.6. Terrestrial and Social Environment 

4.6.1. Terrestrial Environment 
The terrestrial environment encompassing the Inner Harbour and Rous Head is designated for port-
based industrial and commercial facilities and therefore has little ecological value. 

4.6.2. Government Planning Policies and Statutory Control 

The following government planning policies and statutory controls relevant to the Fremantle Port 
area are discussed below. 

 

 

Port Authorities Act 1999 (WA) and Regulations 2001 

The Port Authorities Act 1999 (WA) and Port Authorities Regulations 2001 give the Port 
Authorities the power for the day-to-day running of the ports but leave the strategic control to the 
government.  The Act applies to eight key ports in WA, including Fremantle Ports. 

In 2006, in accordance with Section 144 of the Act, the Minister for Planning and Infrastructure 
arranged for a statutory review of the Act’s operation and effectiveness.  The review is currently 
underway through an appointed independent Steering Committee. 
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Western Australian Planning Commission 

The Western Australian Planning Commission (WAPC), a statutory authority, prepares state 
planning policies as per the procedures in part 3 of the Planning and Development Act 2005 (WA).  

The WAPC State Planning Framework Policy (SPFP) (Variation No. 2) (2006) ‘unites existing 
State and regional policies, strategies and guidelines within a central framework which provides a 
context for decision-making on land use and development in Western Australia’.  Regional 
strategies included in the SPFP relevant to the Fremantle area are: 

 Fremantle Regional Strategy (1994); and 

 Fremantle–Rockingham Industrial Area Regional Strategy (2000). 

The WAPC local town planning scheme, City of Fremantle, Town Planning Scheme No. 3 defines 
the FPA area as port installations, industry, public purpose (special use) and parks and recreation. 

The City of Fremantle also has design guidelines for the following planning policies in the 
Fremantle Ports area: 

 D.G.F26 Planning Policy for the West End of Victoria Quay; and 

 D.G.N10 Rous Head Industrial Park/Harbour. 

These design guidelines provide minimum standards for any development. 

Fremantle Ports Planning Policies 

The Fremantle Ports has a number of strategic planning policies in place for effective development.  
Planning policies and development projects include: 

 Draft Sustainability Framework; 

 Inner Harbour Waters Planning Policy; 

 Rous Heading Planning Policy; 

 North Quay Planning Policies; 

 East Victoria Quay Planning Policies; 

 Inner Harbour Development Plan; 

 Fremantle Ports Outer Harbour Project; and 

 Waterfront Master Plan. 

4.6.3. Aboriginal Heritage 

The Indian Ocean and Swan River are known sites of Indigenous significance which necessitates 
an application be made to the Department for Indigenous Affairs for the Inner Harbour deepening 
project (see Table 4-17).  In early 2000, Fremantle Ports completed an Aboriginal Heritage 
Assessment study of the Inner Harbour. Ethnographic consultants, together with anthropological 
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and archaeological consultants, worked with Fremantle Ports on the project.  This involved 
extensive consultation with Aboriginal elders and their community representatives.  The work 
confirmed the relevance of waters of the Inner Harbour, as part of the Swan River, to Aboriginal 
communities.  The outcome of the work will ensure that the Aboriginal heritage of the area is 
appropriately recognised in future planning.  Whilst this consultation was linked to the formal 
requirement as per the Aboriginal Heritage Act 1972, Fremantle Ports subsequently sought to 
create greater links with the Indigenous community and their input on projects such as the Inner 
Harbour landscaping, which was beyond the requirements of the Act.  

 Table 4-17  Aboriginal Heritage Locations 

Site ID Status Access Restriction Site Name Site Type Site No. 

3536 Permanent Open None Swan River Mythological S02548 
3776 Stored Data Open None Indian 

Ocean 
Mythological S02169 

In accordance with the Aboriginal Heritage Act 1972, further consultation with Indigenous groups 
was undertaken in late 2004 in regard to the proposed Inner Harbour deepening project.  This 
process resulted in approval from the Minister for Indigenous Affairs.  It is appreciated that this 
consent was based on an earlier and lesser final dredging depth.  

In May 2007 further consultation occurred with Indigenous groups.  Their comments together with 
a description of the amended project scope were then referred to the DIA for assessment.  The 
proposal went before the Aboriginal Cultural Materials Committee in August 2007, and was 
referred to the Minister for Indigenous Affairs for final determination late 2007.  Consent under 
Section 18 of the Aboriginal Heritage Act 1972 has now been obtained for the project. 

4.6.4. European Heritage 

Fremantle's role as a port began with the foundation of the Swan River Colony in 1829.  The port 
city was named after Captain Charles H. Fremantle who arrived in the HMS Challenger and took 
possession of this part of the continent in the name of His Majesty King George IV at Arthur Head 
on 2nd May 1829.  Captain James Stirling arrived with 68 settlers in the Parmelia on 2nd June 1829, 
and established the settlement on the Swan River, and the Port of Fremantle was created.  

The Register of the National Estate and the Register of the Heritage Council WA list places of 
historical, indigenous and natural significance.  Table 4-18 contains a list of historical places on 
the registers. 

 Table 4-18  Listed European Heritage Sites in the Vicinity of Fremantle Port 

Place Name and Register Number Location 

Babcock Wilcox Luffing Crane (3-ton) (5603) Victoria Quay, Fremantle 
CBH Grain Silos (3921) North Quay, Port of Fremantle 
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E Shed (3483) Victoria Quay, Fremantle 
Hospital Silos (12023) North Quay, Port of Fremantle 
Port of Fremantle Passenger Terminal (3363) Victoria Quay, Fremantle 
Victoria Quay (3602) Victoria Quay, Fremantle 
Wharf Buildings (1028) Victoria Quay, Fremantle 

 

4.6.5. Marine Protected Areas 

There are no marine protected areas within the proposed dredging areas or spoil ground.  The 
nearest marine parks are the Swan Estuary Marine Park to the east, Marmion Marine Park to the 
north (approximately 25 km) and the Shoalwater Islands Marine Park to the south (approximately 
20 km).  

The Marmion Marine Park is Western Australia’s first Marine Park, becoming established in May 
1987 and encompassing the coastal waters from Trigg Island to Burns Rocks (Figure 4-34).  While 
the park is entrusted to the Marine Parks and Reserves Authority, the DEC is responsible for the 
day-to-day management of the park and the Department of Fisheries is responsible for managing 
recreational and commercial fishing within the park in accordance with the marine park plan (DoF 
2007). 

The waters of Shoalwater Bay and Warnbro sound were declared as a ‘Class A’ reserve in 1990 as 
part of the Shoalwater Islands Marine Park.  The marine park is located adjacent to the City of 
Rockingham and covers approximately 6,658 ha (Figure 4-34).  There is a diverse range of 
habitats within the marine park, including subtidal and intertidal limestone reefs and seagrass 
meadows.  These habitats are home to a diverse assemblage of finfish species, as well as the little 
penguins (Eudyptula minor) and the Australian sea lion (Neophoca cinerea) (DEC 2007).  The 
islands within the marine park boundary are managed in accordance with the Shoalwater Islands 
Management Plan 1992–2002, whereas the marine park itself is managed in accordance with the 
Shoalwater Islands Marine Park Management Plan 2007–2017. 

The Swan Estuary Marine Park covers the estuarine waters at Alfred Cove, Milyu and Pelican 
Point (see Figure 4-35).  These areas of the estuary have been identified as important feeding 
grounds for trans-equatorial migratory wading birds, and provide habitat for diverse assemblages of 
aquatic and terrestrial fauna and flora (DCLM 1999).  

All three Marine Parks are outside a five kilometre buffer zone around the proposed dredging areas, 
spoil ground and reclamation area at Rous Head. 
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 Figure 4-34  Location of the Shoalwater Islands and Marmion Marine Parks 
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 Figure 4-35  Location of the Swan Estuary Marine Park 

 

Approximately five kilometres to the northeast of the proposed spoil ground lies the intermittent 
fringing limestone reef of Cottesloe.  This reef ecosystem comprises of seagrass patches, kelp beds 
and sponge gardens, all of which provide habitat and shelter for a variety of aquatic life including 
fish, shellfish, crustaceans, common seadragons (Phyllopteryx taeniolatus), and the rare leafy 
seadragons (Phycodurus eques) (DoF 2001).  In recognition of the popularity and vulnerability of 
the reef ecosystem, the Minister for Agriculture, Forestry and Fisheries set aside the Cottesloe Reef 
Fish Habitat Protection Area (FHPA) (see Figure 4-36) in September 2001 under parts (a) and (c) 
of Section 115 of the Fish Resources Management Act 1994 for the following purposes:  

 The conservation and protection of fish, fish breeding areas, fish fossils or the aquatic 
ecosystem; and  

 The management of fish and activities relating to the appreciation or observation of fish. 

 

The overall objective of the Plan of Management is to promote and encourage protection of the 
Cottesloe Reef aquatic habitat and involve the community in its management.  It is anticipated that 
the establishment of the Cottesloe Reef FHPA will provide a framework, through regulations and 
education, to manage human activities that have, or may have, a destructive impact on the 
conservation values of the reef system. 
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 Figure 4-36  Cottesloe Fish Habitat Protection Area Boundary 
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4.6.6. Marine Traffic and Navigation 

The Deep Water Channel has been used as a shipping channel for approximately 50 years.  The 
proposed spoil ground lies due west and north of the main Fremantle shipping channel within Gage 
Roads, which is an ‘offshore mooring area’, designated by Fremantle Ports.  Discussions with the 
Harbour Master and Fremantle Ports have indicated that the seabed can be raised in this area and 
still accommodate ship mooring and transit. 

4.6.7. Fisheries and Aquaculture 

4.6.7.1. Commercial Fisheries 

The Inner Harbour, Deep Water Channel and the proposed spoil ground areas are not heavily 
utilised by commercial fisheries, however the Inner Harbour is frequented by many commercially 
significant species as part of their breeding and migration cycles (Table 4-19).  The area acts as a 
conduit for the seasonal migration of a number of commercial and recreational crustacean and fish 
species from the ocean to reaches of the Swan River as described in Section 4.5.2.2. 

 Table 4-19  Commercially Significant Fish Species in the Swan-Canning Estuary 
Grouped According to the Main Habitat and Breeding Areas 

Group Habitats Common name Scientific name 

– Marine-
estuarine opportunist 

– Breed in the 
ocean and use the protected 
Swan-Canning Estuary as a 
nursery area 

– Yellow-
eye mullet 

– Sea 
mullet 

– Tailor 

– Aldrichetta 
forsteri 

– Mugil 
cephalus 

– Pomatomus 
saltatrix 

– Estuari
ne and Marine 

– Complete their 
lifecycle in the estuary mouth 
(Inner Harbour) or in sheltered 
marine waters outside the 
estuary 

– Cobble
r 

– Cnidoglanis 
macrocephalus 

– Semi-
anadromous 

– Lives mainly in 
the ocean, but will travel 
through the  
Inner Harbour to spawn in the 
upper estuary  

– Perth 
herring 

– Nematalosa 
vlaminghi 

Source: Brearley (2005) 

 
The West Coast Estuarine Managed Fishery is a multi-species finfish operating in the 
Swan/Canning and Peel/ Harvey Estuaries.  In the Swan-Canning Estuary, fishing is restricted to 
Melville Water, Perth Water and the lower Canning region.  

The total landing from west coast estuaries for 2006 was 228.4 t, although the actual catch for the 
Swan/Canning component is not available due to the small number of operators.  The target species 
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for the Swan/Canning Estuary was blue swimmer crabs and sea mullet; with small quantities of 
Perth herring, black bream and yelloweye mullet also caught (DoF 2007). 

It has been identified that a single commercial fishery exists in the vicinity of the proposed spoil 
ground and Deep Water Channel (Department of Fisheries, pers. comm.).  Fremantle Octopus 
operates a year round long line operation, using pots attached along lines up to one kilometre long.  
These lines are placed in shallow areas where seagrass dominates the seabed; however, these 
seagrass habitats are not found within the area of the proposed spoil ground (see Section 4.5.1.6). 

There are four commercial fisheries that operate wholly within Cockburn Sound: the Cockburn 
Sound Mussel, Crab, Fish Net, and Line and Pot Managed Fisheries.  In addition, there are 
managed fisheries that operate partly within Cockburn Sound.  These are the West Coast Beach 
Bait and West Coast Purse Seine fisheries (DoF 2005).  

The key finfish species targeted in Cockburn Sound are Australian Herring (Arripis georgianus), 
sea garfish (Hyporhamphus melanochir) and Snapper (Pagrus auratus).  The blue swimmer crab 
(Portunus pelagicus) is caught using pots rather than gill nets (Kangas 2000), whilst the active 
swimming scallops (Amusium balloti) are trawled (DoF 2004).  The octopus (Octopus tetricus) is 
caught in unbaited pots. 

On 15 November 2007, commercial line and demersal gillnet fishing (West Coast Demersal Scale 
Fish) in the Metropolitan Fishing Zone, between Lancelin and south of Mandurah, was subject to a 
closure as part of a fishing reform package to ensure sustainability of fish for the future.  This 
closure does not relate to the Cockburn Sound Managed Fisheries. 

4.6.7.2. Recreational Fisheries 

A survey of recreational boat and shore based fishing was undertaken in the Swan-Canning Estuary 
basin between August 1998 and July 1999 (Malseed and Sumner 2001).  Common species targeted 
and kept by recreational anglers in the lower Swan-Canning Estuary include tailor, whiting, 
Australian herring, black bream, flathead, trumpeter, blue swimmer crab and the western king and 
school prawns (Brearley 2005).  The recreational catch for blue swimmer crabs is deemed to be 
significant as the tonnage kept (7.9 tonnes) in the 1998-1999 season comprised 23% of the 
combined commercial and recreational catch (Malseed and Sumner 2001).  Minor recreational 
species targeted include flounder, tarwhine, mulloway, yellow-eye mullet, yellowtail scad, 
butterfish and trevally (Malseed and Sumner 2001).  The species caught is highly dependent on the 
season.  For example, flatheads were most common in spring, black bream in autumn and whiting 
in summer when salinity within the Inner harbour is at a maximum (Brearley 2005).  Although not 
targeted, the weeping toadfish, Torquigener pleurogramma, are the most frequently caught fish 
species in the estuary (Smith 2006). 



Fremantle Ports Public Environmental Review 
 

      
 SINCLAIR KNIGHT MERZ 

PAGE 4-88 I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\4. Existing Environment_09012.doc 

Rous Head is a popular recreational fishing area.  Temporary fishing access restrictions will occur 
during reclamation activities.  However, access (including to the disabled fishers platform) to the 
North Mole will not be affected.  The Deep Water Channel and proposed offshore spoil ground are 
not highly utilised recreational fishing areas (DEP 1996). 

4.6.7.3. Aquaculture 

Challenger TAFE2 runs an aquaculture facility on South Mole and has sea cages in use in the Inner 
Harbour under leasing arrangements with Fremantle Ports.  The lease has not been renewed over 
the period of the proposed dredging in order to minimise the potential for impacts.  

4.6.8. Tourism and Recreation 

Fremantle attracts approximately 1.4 million tourists each year (international and domestic).  This 
figure includes 75% of all international and interstate visitors and 80% of all sea 
passengers/backpackers (City of Fremantle 2006).  Keys tourist destinations of Fremantle City are 
Fremantle Markets, WA Maritime Museum, The Round House, Fremantle Prison and Fremantle 
History Museum. 

The Inner Harbour is an important link between the Swan River estuary and nearby coastal waters, 
particularly for recreation boating activities.  Anchoring is not permitted in the Inner Harbour and 
Entrance Channel and these areas do not have high recreational boating values apart from being a 
link between the Swan River estuary and coastal waters.  The offshore Fremantle marine area is 
important for recreational boating to and from Rottnest Island. Most land-based operational areas 
of the Inner Harbour port facilities are not available for public access for security reasons.  Public 
access areas will remain unchanged.  

4.6.9. Marine Archaeology 

Searches of the Australian Institute of Maritime Archaeology, the Maritime Archaeology WA 
Museum and the Commonwealth Government’s (DEWHA) Heritage Database revealed several 
known wrecks in the vicinity of the Inner Harbour/Entrance Channel and proposed spoil ground in 
Gage Roads (see Table 4-20). 

 

                                                      

2 http://www.challengertafe.wa.edu.au/scripts/viewoverview_contact.asp?NID=4976 
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 Table 4-20  Maritime Archaeological Sites in the Vicinity of the Project Area 

Shipwreck 
ID Vessel Name Type Date 

wrecked Where wrecked State 

4045 Carnac Barge 1940 
50m upstream Fremantle Traffic 
Bridge, Swan River WA 

3953 Elizabeth Barque 22/09/1839 North Metropolitan Cottesloe WA 

2811 
Fremantle 
(Priestman Dredge) Dredge 11/1897 Bathers Beach WA 

4026 Lygnern Steamship 18/09/1928 Gage Roads WA 
4061 North Mole Barge Barge Unknown Off North Mole WA 

4046 
Priestman Grab 
Crane Pontoon 'A' Dredge 6/08/1968 

100 m upstream of the old 
Fremantle Traffic Bridge between 
the north and centre spans WA 

4094 
South Mole Barge 
unidentified Barge Unknown South Mole WA 

4042 

Unidentified 
Dredge (at the 
Stragglers) Dredge Unknown 

Not far off the Fremantle to 
Rottnest sea lane WA 

 

4.6.10. Noise and Vibration 

Fremantle Ports undertakes noise assessments during normal import/export operations and for 
specific ships and assesses results against the prescribed standards of the Environmental Protection 
(Noise) Regulations 1997.  Fremantle Ports has also developed a set of operational procedures for 
the allocation of berths for vessels so as to minimise the impact of noise and odour on the 
surrounding environment during operational activities. 

Also, as part of the environmental approvals process prior to construction of the North Quay Rail 
Loop, Fremantle Ports were required to undertake noise and vibration modelling.  A recent study 
was done to validate the results of earlier modelling work under operational conditions.  The study 
found no noise or vibration issues surrounding the rail loop operation (Lloyd Acoustics 2007). 



Fremantle Ports Public Environmental Review 
 

      
 SINCLAIR KNIGHT MERZ 

PAGE 4-90 I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\4. Existing Environment_09012.doc 

This page has been intentionally left blank 

 



Fremantle Ports  Public Environmental Review 

SINCLAIR KNIGHT MERZ       
 
I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\5. Assessment Approach_090106.doc 
 PAGE 5-1 

5. Approach to Environmental Impact 
Assessment 

5.1. Introduction 

In January 2008 the EPA endorsed the Environmental Scoping Document (ESD) as an acceptable 
basis for the preparation of this Draft PER.  The ESD identified the relevant environmental factors 
and potential impacts based on Fremantle Ports’ extensive experience of dredging and land 
reclamation activities.  The ESD categorised the potential environmental issues according to 
whether additional investigations were required to support a comprehensive impact assessment (see 
Table 5-1). 

Not all potential environmental impacts will be significant; therefore, some environmental factors 
will be of lower importance and may not warrant detailed assessment in the PER.  Although some 
level of investigation has been undertaken to establish impacts associated with these factors that are 
not significant (see Table 5-1), they are not described in full in this PER, with only the key results 
presented in Section 7. 



Fremantle Ports  Public Environmental Review 
 

      SINCLAIR KNIGHT MERZ 

PAGE ii I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\5. Assessment Approach_090106.doc 

This page has been intentionally left blank 

 

 



Fremantle Ports  Public Environmental Review 

SINCLAIR KNIGHT MERZ       
 
I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\5. Assessment Approach_090106.doc 
 PAGE 5-3 

 Table 5-1  Summary of Environmental Issues, Management, Strategies and Additional Investigations Identified with the ESD 

Environmental Issue 
and Location 

Management 
Objective Existing Environment Potential Impact Management Strategies Additional Investigations 

Water and sediment 
quality in the following 
areas: 

 Inner Harbour; 
 Entrance Channel; 
 Deep Water 

Channel; 
 Rous Head Stage 3 

Reclamation Area; 
 Gage Roads; and 
 Hall Bank. 

To maintain the 
quality of the water 
and sediments so 
that existing 
environmental values 
including ecosystem 
maintenance are 
protected and all 
statutory 
requirements and 
applicable standards 
are met. 

Refer to Section 4. 
 

Dredging can create 
turbidity plumes and release 
sediment bound 
contaminants and nutrients 
into the water column. 
Rock dumping at the Rous 
Head reclamation area can 
create turbidity plumes. 
Reclamation return water at 
Rous Head can create 
turbidity plumes and release 
contaminants and nutrients. 
Turbidity plumes can be 
generated in Gage Roads 
during sea dumping 
operations. 
Reclamation return water at 
Rous Head can create 
turbidity plumes that may 
cause an effect/influence at 
Hall Bank. 

The risk of potential contaminants 
in the sediments dredged from the 
Inner Harbour to be dissolved and 
then discharged to the environment 
in return water has been observed 
to be low during previous dredging 
programs for the following reasons: 

 The use of settling ponds, 
filtration systems and silt 
curtains will contain sediment 
bound contaminants; 

 The contaminants dissolved 
into the return water will be 
relatively low; 

 The prevailing currents at the 
site would significantly dilute 
the contents of the return 
water; and 

 The study will follow the 
NODGDM guidelines.  

Prior to dredging, a sediment 
sampling and analysis plan (SAP) 
will be developed and implemented 
to measure contaminant levels in 
the sediments.  
Water quality monitoring and 
reporting will be undertaken to 
establish background 
concentrations and also during 
dredging, as will be stipulated in 
the DSDMP. 
Hydrodynamic modelling will be 
undertaken covering dredging and 
dredge material disposal activities 
to determine turbidity plumes and 
sedimentation from dredging and 
disposal operations. The results of 
the modelling will be used to assist 
in determining potential impacts on 
benthic primary producers 
including identifying the zone of 
influence, zone of effect and zone 
of impact. 
Investigations to determine the 
likely impact of reclamation 
activities at Rous Head on water 
quality at Hall Bank will be 
undertaken with reference to the 
guidelines and criteria contained in 
ANZECC/ARMCANZ (2000) and 
Environmental Criteria Reference 
Document for Cockburn Sound 
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Environmental Issue 
and Location 

Management 
Objective Existing Environment Potential Impact Management Strategies Additional Investigations 

(2003–2004). 
Coral community study to be 
carried out at Halls Bank to map 
coral distribution, community types 
and percentage cover. 

Loss of Habitat in the 
following areas: 

 Entrance Channel; 
 Deep Water 

Channel; 
 Rous Head 

Reclamation Area; 
and 

 Gage Road. 

To minimise the 
further loss of habitat 
to levels as low as 
practicable so that 
existing 
environmental 
values, including 
ecosystem 
maintenance, are 
protected. 

Marine environment of the 
Inner Harbour and around 
the Swan River mouth has 
been extensively modified 
since European 
Settlement.  
The Inner Harbour 
Entrance Channel seabed 
consists primarily of 
coarse sand and silt with a 
relatively high organic 
content (approximately 
5%).  The marine plant 
assemblages are 
impoverished due to light 
limitation with benthic 
fauna consisting of 
echinoderms on the 
seabed and polychaete 
worms, crustaceans and 
molluscs within the surface 
sediments. 
Waters to the north of the 
Entrance Channel, which 
include the Deep Water 
Channel, consist primarily 
of sands with sparse 
seagrass, and occasional 
hard outcrops.  This sort of 
habitat has poor habitat 

Impact in the Inner Harbour 
is minor as the area has 
been dredged regularly over 
the last 110 years. 
Entrance Channel habitat 
impacts are expected to be 
minor because the benthic 
communities are 
impoverished through low 
light intensity and siltation.  
Deep Water Channel habitat 
loss is expected to be 
minimal, since the substrate 
is largely sand.  Sparse 
seagrass may be present in 
part but this is uncertain 
without specific survey of 
the dredging footprint. 
The reclamation at Rous 
Head (Stage 3) will result in 
the loss of 27 ha (or 0.27 
km2) of seabed. 
Potential impacts to the 
Offshore Spoil Disposal 
Area are likely to be 
relatively minor given that 
sampling undertaken as part 
of the spoil ground site 
selection study (SKM 

EPA Guidance Statement No.29 
Benthic Primary Producer habitat 
protection for Western Australia’s 
Marine Environment to ensure that 
avoidable, adverse impacts on 
marine organisms or amenity do 
not occur. 

Survey of habitats in dredging 
footprint to determine the benthic 
community types present. The 
results of the survey for the 
potential offshore spoil ground 
undertaken as part of the spoil 
ground site selection study will be 
used to characterise benthic 
habitat types. 
The outputs of hydrodynamic 
modelling will be used to describe 
the effect on benthic primary 
producers. 
The historical (pre European) and 
current distribution of benthic 
primary producer habitat will be 
determined.  Assessment of 
cumulative loss of benthic primary 
producer habitat and ecological 
values as a result of the proposed 
dredging will be undertaken, using 
available resources such as 
historical mapping and professional 
opinion. 
The proposed method will be 
developed in consultation with EPA 
and will be consistent with the EPA 
Guidance Statement No.29. 
Benthic Primary Producer Habitat 
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Environmental Issue 
and Location 

Management 
Objective Existing Environment Potential Impact Management Strategies Additional Investigations 

values compared with the 
rich values to the south of 
the Swan River mouth, 
such as Owen Anchorage 
and Cockburn Sound. 
The seabed within and 
adjacent to the proposed 
reclamation area ranges in 
depth from 3–5 m (LWMF) 
and is comprised of course 
sand over limestone 
pavement.  It is typical of 
the sandy nearshore 
habitat found along much 
of the metropolitan coast 
line (FPA 1988), with 
<20% of the seabed 
covered with seasonal 
marine flora.  

2006a) did not identify any 
benthic primary producers 
within the spoil ground. 

Protection for Western Australia’s 
Marine Environment. 

Impacts on marine 
mammals 

No impact on marine 
mammals 

A range of marine 
mammals occur in the 
coastal and estuarine 
waters, including dolphins 
inshore and offshore, 
whales offshore (>10 m 
water depth).  

Impacts to marine mammals 
are considered highly 
unlikely.  The dredging 
footprint does not represent 
critical habitat to the whales 
and dolphins and the fauna 
are mobile and able to swim 
away from dredge activities. 

No dredging related impacts on 
marine mammals have been 
observed during previous dredging 
activities in and around the Inner 
Harbour. 
 

Investigate potential for dredge and 
disposal areas to fall within 
cetacean migration routes. 
Desk based literature review of 
dolphin activity in the Swan River 
and potential interactions to be 
discussed within the DSDMP. 

Impacts on fisheries No impact on 
commercial or 
recreational fisheries 

There is existing 
recreational fishing activity 
in the Inner Harbour area 
at North and South Moles 
and along Victoria Quay. 

Temporary loss of 
recreational fishing from 
North Mole during 
construction. 
Offshore commercial and 
recreational fisheries values 
are likely to be significantly 

Ensure offshore spoil disposal area 
will not impact on seagrass 
meadows. 
Minimise closure of publicly 
accessible fishing areas during 
construction works. 
Manage timing of key impacting 

Initial consultation with the Dept of 
Fisheries, (Dr Rod Lenanton and 
Dr Kim Smith), has been 
undertaken as to the appropriate 
level of investigation required for 
the environmental assessment. 
The Dept of Fisheries informed that 
the area in the vicinity of the Inner 
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Environmental Issue 
and Location 

Management 
Objective Existing Environment Potential Impact Management Strategies Additional Investigations 

impacted by the proposed 
dredging. 
Potential impact on 
Cottesloe Fish Habitat 
Protection Area. 

activities to minimise impact to 
sensitive fish migration times. 
Minimisation of sediment turbidity 
plume.  
Assessment of potential impacts to 
habitat as part of the BPPH 
assessment. 

Harbour Dredging works has been 
extensively studied and directed 
the proponent to undertake a 
desktop assessment only for the 
environmental assessment which 
will be provided in full in the PER 
document. 
Further consultation with the Dept 
of Fisheries will be undertaken to 
identify areas used for recreational 
and commercial fisheries and their 
significance. 

Acid Sulphate Soils To minimise potential 
exposure of Acid 
Sulphate Soils from 
dredge material 
disposal 

Rous Head is reserved as 
Port Installations and is a 
large port-related industrial 
estate. 

Exposure of Acid Sulphate 
Soils and impacts on soils, 
groundwater and surface 
water (including runoff into 
marine environment). 

The results of field sampling in the 
Inner Harbour will determine the 
occurrence of ASS.  FPA will then 
consult with EPA to determine the 
need for the development of an 
approved ASS Management Plan, 
prior to commencement of dredging 
operations. 

Sampling and analysis to 
determine the occurrence of ASS 
will be undertaken as part of the 
Inner Harbour sediment sampling 
program.  The results of the 
sampling will determine the 
requirement for an ASS 
Management Plan, which would be 
developed in consultation with 
EPA. 

Shoreline stability at 
Rous Head / Port Beach 

Maintain coastal 
process to ensure 
that existing 
environmental 
values, including 
ecosystem 
maintenance, are 
protected 

The coastline around Rous 
Head and Port Beach has 
been highly modified since 
first European settlement. 

The expansion of Rous 
Head may alter coastal 
process causing increases 
in coastal erosion or 
deposition at Port Beach. 

Modelling has been undertaken by 
the DPI to investigate coastal 
processes at Port Beach. It is 
unlikely that the Rous Head 
reclamation extension could have a 
significant effect on these coastal 
processes and Port Beach. The 
results of this study will be 
incorporated into the PER to 
identify appropriate management 
strategies. 

None 

Increased noise, traffic To minimise noise, Rous Head is reserved as Noise and traffic impacts are Construction traffic, noise and dust None 
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Environmental Issue 
and Location 

Management 
Objective Existing Environment Potential Impact Management Strategies Additional Investigations 

and dust at Rous Head 
 

dust and traffic 
associated with 
proposal and protect 
the amenity of other 
users, including 
nearby residents. 

Port Installations and is a 
large port-related industrial 
estate. 

limited as Rous Head is an 
industrial estate removed 
from residential areas, 
already subject to heavy 
noise and traffic associated 
with the loading/offloading of 
cargo. 
Dust impacts are limited to 
the Rous Head reclamation 
area during construction.  
The area is adjacent to the 
existing Rous Head 
Industrial Estate. 

management plans will be 
developed as part of a capital 
dredging environmental 
management plan. 
 

Hydrocarbon spills in the 
Inner Harbour and 
channels during dredging 
 

To ensure 
hydrocarbons are 
handled and stored 
in a manner that 
minimise the 
potential impact on 
the environment 
through leaks, spills 
and emergency 
situations. 

The Inner Harbour 
routinely handles a variety 
of hazardous materials 
including hydrocarbons. 

Discharges to the 
environment contaminating 
the marine environment, 
causing acute and chronic 
toxic hazards and flammable 
or explosive hazards. 

Ensure contract documentation 
requires provision of appropriate 
procedures for the management of 
hydrocarbons including 
refuelling/bunkering and 
oils/lubricants – and appropriate 
emergency response and reporting 
requirements. Application of the 
existing Fremantle Ports 
Emergency Response Plan which 
incorporates Oil Spill Response. 

None 

Marine pest species No increased risk of 
introducing marine 
pest species 

Surveys were conducted 
by CRIMP in 1999/2000 
which identified two 
introduced marine pests 
European Fan Worm and 
the Asian Date Mussel. 

Introduction of new marine 
pest species. 

Inner Harbour dredged material is 
to be used for reclamation therefore 
no spread of marine pests is likely. 
Any dredge plant sourced from 
outside of Fremantle Port waters to 
be assessed as free of marine 
pests prior to commencement of 
dredging activities. 

None. 
Maintain support for National and 
International programs for the 
management of introduced marine 
pests.  

Aesthetics Minimise aesthetic 
impacts as far as is 

The Inner Harbour waters 
are of relatively low 

Turbidity plumes may 
reduce the aesthetic value 

Manage turbidity through: 
 Using dredging methods that 

Undertake an approved water 
quality monitoring program during 
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Environmental Issue 
and Location 

Management 
Objective Existing Environment Potential Impact Management Strategies Additional Investigations 

practicable.  This 
pertains particularly 
to turbidity plumes 
during dredging, 
offshore spoil 
disposal and 
discharge of 
reclamation return 
water. 

aesthetic quality however 
the coastal waters have 
high aesthetic value. 

of the coastal waters, 
reducing recreational 
appreciation of the waters. 
Any decrease in aesthetic 
value will be temporary and 
limited to the duration of the 
dredging program. 

reduce potential for turbidity 
plume generation; 

 Design reclamation area to 
incorporate settling ponds and 
silt curtains to maximise 
deposition of suspended solids 
prior to water release; 

 Select an offshore disposal 
site such that it is away from 
areas of high aesthetic value; 
and 

 Develop a turbidity monitoring 
program for approval by 
relevant agencies. 

dredging activities. 

Indigenous heritage Ensure that 
Aboriginal Heritage is 
appropriately 
recognised in future 
planning. 

An Aboriginal Heritage 
Assessment has been 
undertaken of the Inner 
Harbour site.  Extensive 
consultation has also been 
undertaken with Aboriginal 
elders and community 
representatives.  The 
outcomes identified the 
relevance of the port area 
and Swan River to 
Aboriginal communities.   

No significant impact to 
Aboriginal heritage values is 
likely.  The Inner Harbour 
has been highly modified 
through past development.  

Undertake further consultation with 
Indigenous groups to ensure that 
Aboriginal heritage values are 
incorporated into project planning. 

None  

Interference with shipping 
and other port users in 
the Inner Harbour and 
channels 

To minimise 
interference with 
shipping and other 
port users  

The Inner Harbour 
provides for commercial 
shipping and is an 
important link for boating 
traffic between the Swan 
River and Indian Ocean. 

Dredging activities will limit 
access to certain berths at 
certain times but is unlikely 
to significantly affect vessel 
movements. 

Vessel movements managed under 
direction of the Harbour Master and 
Fremantle Ports’ Signal Station. 

None 

Public access and 
recreation values 

No permanent 
reduction of public 
access or recreation 

Most of land based 
operational areas of the 
Inner Harbour of the port 

Temporary loss of public 
access for safety reasons. 

Minimise closure of public access 
during construction works. 

None 
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Management 
Objective Existing Environment Potential Impact Management Strategies Additional Investigations 

potential. are currently not available 
for public access for 
security reasons.  Public 
access areas will remain 
unchanged.  
The Inner Harbour is an 
important link between the 
Swan River and coastal 
waters, where recreational 
values are high. 

Boating traffic is unlikely to 
be significantly impacted by 
the dredging program as 
small craft will still be able to 
pass by the working dredge. 

Advise public of any major planned 
disturbances to boating traffic, via 
public media, notices to boating 
clubs and temporary signs at public 
boat ramps. 
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5.2. Environmental Factors 

Fremantle Ports has adopted a qualitative risk based approach to systematically determining the 
relevant environmental and social factors for the Inner Harbour Deepening project.  The detailed 
assessment presented in this Draft PER considers two levels of factors and how they are managed.  
These classifications are based on the following qualitative definitions. 

The potential environmental impacts associated with the ‘key’ factors have the following 
characteristics: 

 Higher inherent risk of being significant; 

 Require more detailed assessment; and 

 Require higher level of management measures and controls to ensure impacts are minimised to 
ALARP and comply with relevant regulatory requirements and standards. 

 

Fremantle Ports has identified marine biodiversity as the overarching environmental factor relevant 
to the assessment of the proposal.  The overarching principle of biodiversity forms an integral part 
of the impact assessment approach outlined in this PER and will be applied throughout the project 
to ensure risks are eliminated, or where this is not possible, minimised through the implementation 
of adequate management measures.  The management strategies for these key environmental 
factors are discussed in Section 6. 

The overarching factor encompasses the following key aspects as being potentially impacted by the 
Inner Harbour Deepening Project: 

 Marine water and sediment quality; 

 Marine benthic habitat (BPPH); and 

 Marine fauna. 

 

The potential environmental impacts associated with the second level ‘relevant’ environmental 
factors comprise the following characteristics: 

 Minor inherent risk of being significant;  

 Require less detailed assessment;  

 Require lower level of management measures and controls to ensure impacts are minimised 
and comply with relevant regulatory requirements and standards; and 

 Can be managed via controls established in the Dredging and Spoil Disposal Management Plan 
(DSDMP) and the project Construction Environmental Management Plan (CEMP). 
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The second level of relevant factors identified for the project are as follows, with management 
strategies discussed in Sections 6 and 7: 

 Acid and Sulphate Soils (ASS); 

 Coastal processes; 

 Noise, dust and traffic impacts (at Rous Head); 

 Hydrocarbon spills; and 

 Introduced marine pests. 

 

There is also a third level of factor as identified in the ESD.  However, these will be managed 
under Fremantle Ports’ existing Environmental Management System (EMS) and contractor 
management procedures and therefore pose a negligible risk of impact.  These factors are as 
follows: 

 Aesthetics; 

 Indigenous heritage; 

 Interference with shipping and other port users; and 

 Public access and recreation.  

 

Fremantle Ports proposes to engage a suitably experienced dredging contractor via a contracting 
strategy known as Early Contractor Involvement (ECI).  The ECI contracting strategy is a 
relationship based approach that will enable the dredging contractor and Fremantle Ports to work 
together in a collaborative manner.  This relationship will enable delivery of the project objectives 
which describe the outcomes Fremantle Ports is seeking, including the EPA objectives described in 
Sections 6 and 7.  Through the ECI, the appointed contractor will be required to finalise the Draft 
DSDMP for the Inner Harbour Deepening Project.  This will be consistent with the commitments 
made in this PER and Fremantle Ports’ EMS requirements.  This includes specific environmental 
management procedures, risk management, induction and training, inspections and audits, event 
management, emergency response, performance tracking and reporting and record keeping. 

For all factors assessed, it is considered that with the implementation of the proposed management 
and mitigation, the EPA and project environmental objectives can be met.  Fremantle Ports’ full list 
of proposed Environmental Conditions for the project to achieve this, which will become legally 
binding as Ministerial Conditions under the EP Act, are contained in Section 8. 
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6 Marine Environmental Impacts and Management 
6.1 Introduction 

This section describes the potential impacts to the key marine environmental factors resulting from 
the Inner Harbour Deepening Project activities.  It assesses the likely consequences of the impacts 
to the physical and biological marine environment and identifies indicative management strategies 
proposed for the Project.  More details on these issues are contained in Appendices as referenced. 

The qualitative preliminary risk assessment identified marine biodiversity as the overarching 
environmental factor relevant to the Inner Harbour Deepening Project. Implementation of the 
project has the potential to impact marine biodiversity by: 

 Reducing the species distribution and/or geographical extent in local and regional context; 

 Reducing the species and ecosystem diversity; 

 Contributing to the cumulative loss of vegetation communities, flora and fauna species and 
habitats within the region; 

 Contributing to the cumulative loss of marine BPP and BPPH within the region; and 

 Reducing native species distribution and/or geographic extent through the introduction and 
competition with marine pest species. 

 

Associated with these potential impacts to marine biodiversity are the key environmental factors of:  

 Marine water and sediment quality (Section 6.4); 

 Marine benthic habitats (BPP and BPPH) (Section 6.5); 

 Marine fauna (Section 6.6); and 

 Introduced marine pests (Section 6.7). 

 

Other relevant marine environmental factors identified during the impact assessment included 
coastal processes (Section 6.8) and hydrocarbon spills management (Section 6.9). 

6.2 Previous Experience 

6.2.1 Capital Dredging and Rous Head Reclamation Works in 1989 

Stage 1 of the Rous Head reclamation was a similar project in terms of the scale of the proposed 
reclamation works for the Inner Harbour Deepening Project.  Seawall construction was similar and 
the sediments being deposited in the reclaimed area are essentially the same.  However, the 
proposed construction methods are different to those used in 1989, in keeping with advances in best 
dredging practice.  In 1989, the wall was not completed prior to discharge of sediments, so there 
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was no settlement pond effect, and silt curtains were not used.  The 1989 effects could therefore 
likely represent a worst-case situation for the works proposed here. 

Ministerial Statement 039 (dated 11th October 1988), required Fremantle Ports to monitor and 
report after five years of the reclamation, the interpretation of the monitoring results for the 
following: 

 Extent and impact of any plume created from rock dumping during construction work, from 
dredging and from spoil disposal; 

 Extent of changes to Leighton and Port Beaches; and 

 Heavy metal concentrations in the sediments at sites within and outside Rous Head Harbour. 

 

Aerial photographs used to assist with turbidity monitoring during the construction phase are 
shown in Figure 6-1.  The photographs indicate very limited visible plume impacts along the 
beaches to the north of Rous Head. 

6.2.2 Success and Parmelia Bank Maintenance Dredging 2007 

Monitoring of maintenance dredging programs of the existing shipping channels (Success and 
Parmelia Channels) into Owen Anchorage and Cockburn Sound using a Trailing Suction Hopper 
Dredge (TSHD) in 2003 and in 2007 provide a good indication of the likely characteristics and 
effects of the proposed dredging offshore in the Deep Water Channel.  Monitoring results are 
summarised in Table 6-1.  A photograph taken during the channel maintenance dredging during 
2007 is provided in Figure 6-2. 

Past experience with use of a TSHD in carrying out maintenance dredging in Success and Parmelia 
channels indicated that turbidity generated at the dredge can be expected to be in the order of 
10 NTU (maximum of around 20 NTU), and approximately 20–30 NTU (maximum of around 
75 NTU) (SKM 2007). 
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January 1989 February 1989

  
March 1989 April 1989 

 
May 1989 June 1989 
 Figure 6-1  Aerial Photographs for the Rous Head Reclamation Works (Stages 1 and 2) 
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 Figure 6-2  TSHD Carrying Out Maintenance Dredging in Parmelia Channel 

 

6.2.3 Australian Marine Complex Floating Dock Dredging and Reclamation 2007 

A dredging program was undertaken for the Australian Marine Complex (AMC) by the Cutter 
Suction Dredge (CSD) ‘Leonardo da Vinci’ in Cockburn Sound for two weeks during July 2007 
(Oceanica 2008).  Production rates over the 13 days of dredging ranged from 70–1,750 m3 per 
operational hour, which is relatively similar to the anticipated production rates for the Inner 
Harbour Deepening Project of 355–2,000 m3/hr.  The dredge spoil was pumped directly to a 
settling pond via a floating pipeline.  An aerial photograph showing the dredge, reclamation works 
and the turbidity plume is provided in Figure 6-3. 

Water quality monitoring was carried out at eight sites to assess compliance with the relevant 
Ministerial Conditions.  The monitoring program showed overall compliance at all sites for all 
water quality parameters (summarised in Table 6-1).  The monitoring report (Oceanica 2008) is 
provided as a Supporting Technical Document to this PER in the accompanying CD. 

Table 6-1 provides some indicative values for turbidity, TSS and light attenuation associated with 
dredging activities carried out during the AMC 2007 dredging program and Fremantle Ports’ 
maintenance dredging programs in the Inner Harbour (2003) and Success and Parmelia Channels 
(2007). 
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 Table 6-1  Indicative TSS, NTU and Light Attenuation Values, EQC and Data Obtained 
During Dredge Monitoring Programs 

Data Source and Statistic Presented TSS 
(mg/L) 

Turbidity 
(NTU) 

Light Attenuation 
(LAC) 

AMC Construction Monitoring (Oceanica 2008) 
Reclamation area discharge (W0 site) 1 (max) 29 50 - 3 
Approx. 100 m from discharge FP1 surface (mean) 6.9 1 - 3 - 3 
Approx. 100 m from discharge FP1 bottom (mean) 15.0 1 - 3 - 3 
Approx. 600 m from discharge (JB16) (mean) 2.2 1 1.3 estimated <0.4 
FP2, FP3, FP4 (range of site surface means) 3.2–4.8 1 - 3 - 3 
FP2, FP3, FP4 (range of site bottom means) 2.5–5.3 1 - 3 - 3 
All other monitoring sites during dredging (mean) 1.5–2.5 1 0.6–1.2 estimated  <0.1 
Water Quality Criteria  <30  <30 (Zsd > 4.3m) 

AMC Plume Survey (Oceanica 2008) 
Vicinity of cutter head surface (range) 4–43 1 - 3 - 3 
Vicinity of cutter head bottom (range) 10–140 1 - 3 - 3 
Fremantle Ports Inner Harbour Maintenance Dredging in 2003 by TSHD (SKM 2003) 
Inside containment pond (median) - 3 94 - 3 
Outside secondary silt curtain (median) - 3 4.0 - 3 
200 m from discharge area (median) - 3 1.3 - 3 
Fremantle Ports Success and Parmelia Long Term Maintenance Dredging in 2007 by TSHD (SKM 
2007) 
Transect 150-200 m from dredge (range) - 3 0–24 - 3 
Transect 50-80 m from dredge (range) - 3 0–18 - 3 
Disposal site - 3 5–58 - 3 

1: Analysed using MAFRL filtration and gravimetric analysis method. 
2: Daily mean over 21 sites for 7 days over the period 38 Nov – 27 Dec 2002 (GEMS 2005). 
3: No measurement value available. 
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 Figure 6-3  AMC Dredging by CSD in July 2007 

 

6.3 Sediment Plume Dispersion Modelling 

6.3.1 Modelling Purpose 

Numerical modelling of the dredging and disposal activities was an integral element of the 
assessment of the potential impacts of the proposal on biodiversity and associated key marine 
factors.  The modelling enabled the prediction of the spatial extent of biological impacts associated 
with anomalous turbidity and sedimentation levels generated by the dredging activity.  Detailed 
modelling was used to predict potential levels of suspended solids (in mg/L) and sedimentation 
(mg/cm2/d).  Specifically, the model was used to determine the extent of the dredge plume and 
potential impact on seagrass within the Project Area and corals at Hall Bank.  A similar approach 
was used to predict the fate of the return water discharged from the proposed reclamation area at 
Rous Head. 
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The model has also been used to determine the potential impact on the hydrodynamics (i.e. tidal 
regime) within the inner harbour and any effects (either physical or biological) to the Swan River.  
Monitoring during dredging will be used to validate the predictive modelling. 

Modelling has been undertaken by Global Environmental Modelling Systems (GEMS).  The 
numerical modelling report is provided in Appendix G, and model predictions are used in the 
following sections to assess the likely impacts of the project on water quality, seagrass, corals and 
other identified environmental factors. 

6.3.2 Model Overview 

Two models were used in the analysis of hydrodynamic data.  The GEMS 3D Coastal Ocean 
Model (GCOM3D) simulates the complex three-dimensional ocean currents in the region, and the 
SWAN wave model simulates waves outside the Inner Harbour/Entrance Channel during the 
offshore spoil disposal operations as well as calculating the sediment re-suspension.  The 
simulation model DREDGE3D was used to determine the fate of sediments released during the 
dredging and disposal activities to the proposed offshore spoil ground and the reclamation area at 
Rous Head.  The DREDGE3D model has been successfully used to model dredging programs in a 
number of projects including Mermaid Sound for the Dampier Port Authority and Hamersley Iron, 
at Barrow Island for Chevron Gorgon and at Cape Lambert for the Port Expansion. 

The results obtained from the numerical modelling exercise provide estimates of above background 
levels of TSS concentrations and sedimentation levels, which are used in conjunction with defined 
threshold values (see Section 6.3.3) for benthic primary producers (BPPs) to identify zones of 
impact, effect and influence.  These zones indicate where the threshold values may be exceeded, 
one or more times during the dredging operations. 

6.3.3 Scenarios Modelled 

To accommodate the uncertainty concerning the actual start date of the dredging program, three 
model scenarios were run with dredging commencing in January, September and November, 
running for approximately 20 weeks.  Modelling of plume behaviour based on each of these 
different start months suggests there is unlikely to be a significant difference in the predicted 
impacts between any of the three scenarios.  Dredging is not anticipated to take place over the 
winter months because rough sea conditions would be expected to result in unacceptable downtime 
and hence modelling scenarios have not been conducted during this period. 

Modelling results are discussed throughout Section 6 with respect to the marine resource/receptor 
that may be potentially affected, that is marine water and sediment quality, intertidal and subtidal 
habitats, marine fauna and other relevant environmental and social factors. 
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6.3.4 Model Input Data 

Detailed dredge logs were developed for the dredging program provided by JFA Consultants.  
These are logs of the anticipated activity of each of the dredges, at time intervals and location steps 
as fine as practicably possible, and the details of which are fed into the model to represent as 
accurately as possible the dredge program.  Further detail is provided in the technical report 
prepared by GEMS (2008) (Appendix G). 

Particle size distributions (PSD) were determined from sediment cores obtained by Golders 
Associates at various locations within the Inner Harbour and Entrance Channel and from diver 
sediment cores taken from 22 sites within the Deep Water Channel.  PSD data were determined for 
all unconsolidated sediment types.  However, the majority of material to be dredged from the Inner 
Harbour and Entrance Channel comprises limestone bedrock, for which PSD analysis would yield 
unrepresentative results under laboratory conditions.  This is due to the action of the cutter teeth 
against the rock which creates finer material (termed ‘limestone flour’) than would be analysed in 
the laboratory.  In order to overcome this obstacle, Fremantle Ports was able to undertake 
opportunistic sampling of the dredge plume during LandCorp’s dredging in the Australian Marine 
Complex (AMC) Common User Facility in Jervoise Bay, Cockburn Sound during July 2007.  The 
material to be dredged at the AMC facility included limestone bedrock, similar to that proposed to 
be dredged in Fremantle Ports’ Harbour and it was agreed that samples of the dredge plume would 
be taken near the cutter head and analysed for PSD and TSS. 

In order to determine particle settling velocities for a range of particle sizes, a representative 
number of cores from all three proposed dredge areas were also analysed by CSIRO using a 
sedigraph.  The standard approach for determining settling velocities involves the use of sodium 
hexametaphosphate as the medium through which the measured particles fall.  However, a 
comparison of the use of saline water versus the sodium hexametaphosphate was conducted and the 
model was corrected to take into account the difference in the settling velocities between the two 
media. 

6.3.5 Model Validation 

The following data was collected from the Fremantle Port marine environment and used to validate 
the modelling using hindcasting: 

 Five GPS tracked wireless drifters deployed in waters between the mouth of the Swan River 
and Rottnest Island for approximately 72 hour periods between March and April 2007.  These 
instruments float around with the currents and data is collected via satellite; and 

 One acoustic Doppler current profiler (ADCP) at the southeast corner of the proposed spoil 
ground location to provide currents through the water column (and waves).  The profiler was 
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deployed from February to March 2007.  Turbidity (NTU) measurements for the same period 
were also collected. 

In addition, data on nearshore and offshore currents and historical tides were obtained from 
Fremantle Ports and data on currents in the lower reaches of the Swan River and bathymetric data 
sets were sourced from the Department for Planning and Infrastructure (DPI). 

A hindcast model validation has been conducted by GEMS (see Appendix G).  For the wind 
climate component of the modelling this has included a comparison with observations and records, 
including comparison of Bureau of Meteorology (BoM) predicted data with actual measurements 
from the BoM automatic weather station at Rottnest Island.  Overall, the results confirm that the 
modelled winds provide very good representation of the overall regional wind climate.  A 
comparison of inter-annual variability in meteorological variables has also been conducted, 
showing that wind distributions are relatively consistent. 

Validation of the wave model (SWAN) and the 3D ocean model (GCOM3D), has included a 
comparison of oceanographic observations with model predictions – waves, water levels and 
currents.  Overall, a very good agreement has been shown between predicted and actual 
observations. 

 

 Figure 6-4  Two wireless GPS Davis drifter tracks (March 2007) 

(black dot=release point) 
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 Figure 6-5  Five wireless GPS Davis drifter tracks (April 2007) 

(black dot=release point) 

 

6.4 Marine Water and Sediment Quality 

6.4.1 Overview 

Water quality in the Inner Harbour and close to the river mouth is influenced by the Swan River 
(and its catchment area) and Cockburn Sound as well as Port operations.  

Turbidity and TSS concentrations decrease with distance offshore and light penetration increases.  
Background concentrations vary with season, weather and consequent sea state and the 
resuspension of sediments. 

Sediments in the Inner Harbour and Entrance Channel have levels of some metals and tributyltin 
(TBT) in excess of NODGDM guideline values (Environment Australia 2002).  Further testing of 
using elutriate testing of sediments in these dredge areas has been conducted to determine if these 
potential contaminants are likely to become soluble in the water column during dredging. 



Fremantle Ports  Public Environmental Review 

SINCLAIR KNIGHT MERZ            
 
I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\6. Potential Impacts_Marine_090112.doc PAGE 6-11 

Potential ecological consequences of deteriorating water quality on other environmental factors of 
importance in the Fremantle Port area are discussed in subsequent sections, such as those 
associated with Benthic Primary Producer Habitat (BPPH) (see Section 6.5) and marine fauna (see 
Section 6.6).  To minimise repetition, this section focuses on the impact to water and sediment 
quality, with only reference made to impacts to other environmental factors (e.g. TSS and 
sedimentation impacts on seagrass and corals). 

6.4.2 EPA Objective 

To protect the environmental values of the Port including: 

 Maintaining the structure and functions of marine ecosystems; 

 Ensuring water quality is safe for recreational activities; 

 Ensuring water quality is sufficient that any seafood caught or grown in the area is of a quality 
safe for eating; and 

 Minimising the risk to the environment arising from dredged sediment plumes by maintaining 
an acceptable water and sediment quality. 

 

Fremantle Ports will also aim to protect environmental quality objectives (EQOs) defined in the 
Environmental Quality Criteria Reference Document for Cockburn Sound (2003 – 2004). 

6.4.3 Relevant Guidelines and Legislation 

Guidelines and legislation relevant to the management of impacts to water and sediment quality 
include: 

 ANZECC/ARMCANZ (2000). Australian and New Zealand Guidelines for Fresh and Marine 
Water Quality; 

 ANZECC National Ocean Disposal Guidelines for Dredged Material (2002); 

 DoE State Water Quality Management Strategy Document No. 6 (2004); and 

 Environmental Quality Criteria Reference Document for Cockburn Sound (2003 – 2004), 
(EPA Report No. 20; January 2005). 

 

All potential water quality impacts to the marine environment have been considered in the context 
of the Environmental Quality Criteria Reference Document for Cockburn Sound (2003 – 2004).  A 
‘moderate’ level of protection (or 90% species protection level) applies to harbours, marinas and 
ports, including the internal waters at Rous Head.  All other areas are allocated a ‘high’ level of 
protection and therefore the impacts of the dewatering discharge from the Rous Head Reclamation 
Area will be assessed based on a 95 or 99% species protection level.  Fremantle Ports intends that 
all activities undertaken in this project will conform to these levels of protection.  These levels of 
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protection are consistent with the EPA approved Environmental Scoping Document (ESD) for this 
project (SKM 2008). 

6.4.4 Potential Impacts 

Changes in water quality and sedimentation rates associated with dredging, disposal and 
reclamation activities have the potential to influence the abundance and distribution of marine 
habitats and fauna. 

Dredging operations will generate turbidity from a number of elements including: 

 The point of dredging; 

 The reclamation area overflow discharge point and the newly constructed seawalls; 

 Overflow from hoppers; 

 Propeller-wash from trailer dredgers; 

 During offshore disposal; and  

 Via resuspension of settled materials.  

 

The proposed Inner Harbour Deepening Project has the potential to impact the water and sediment 
quality of mouth of Swan River and immediate offshore environment through: 

 Creation of turbid plumes due to dredging activities; 

 Creation of turbid plumes from rock dumping and reclamation return water at Rous Head; 

 Generation of turbid plumes at the proposed offshore spoil ground during sea dumping 
operations; 

 Sedimentation caused by particles settling out of the water column during dredging and 
disposal; 

 Remobilisation and release of contaminants from contaminated sediments at dredge sites and 
via the reclamation return water at Rous Head; and 

 Hydrocarbon management (discussed in Section 6.9.4). 

 

Potential impacts of turbidity and associated reduced light are discussed specifically in relation to 
BPPH in Section 6.4.4 and marine fauna in Section 6.6.4.3. 

A detailed investigation into the potential impacts to BPPH was predicted though the sediment 
plume modelling undertaken by GEMS (Appendix G).  The modelling was used as a tool to 
provide an indication of predicted turbidity and sedimentation patterns associated with the 
proposed dredging and spoil disposal.  These outputs are detailed in the BPPH Assessment 
(Appendix E). 
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6.4.4.1 Creation of Turbid Plumes during Dredging and Disposal 

Extremely fine particles created or disturbed by dredging will theoretically remain suspended long 
enough to be moved away from the point of release due to water movement.  Particles in 
suspension affect the optical qualities of the water, with increased suspended sediment 
concentrations generally causing a reduction in light penetration (increase in light attenuation); 
however, the relationship is a complicated one, particularly in natural systems where absorption 
plays a more significant role (Kirk 2003) than in dredge plumes which are dominated by inorganic 
material.  Smaller particle sizes have a relatively greater impact on the scattering and absorption of 
light by weight than larger particles, so an understanding of the nature of the suspended solids is 
essential to accurately predict potential effects. 

Turbidity generation in the Inner Harbour is likely to be minimal over the majority of the 26 week 
dredging period as the main source of suspended sediments will be concentrated at the cutter 
suction head.  This can be seen in Figure 6-6, which shows the plume generated by the cutter head 
during previous dredging within the Inner Harbour in 1989. 

 

 Figure 6-6  Turbid Plume from CSD in the Inner Harbour in 1989 
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Turbidity from a TSHD is generated during the overflow of water as the hopper fills up with 
sediment and displaces water above the settled material.  When the dredge commences dredging in 
an area it is empty and therefore no overflow occurs until the hopper has filled with a slurry of 
sediment and water, and continues until the dredge operator has the desired volume of sediment in 
the hopper.  In order to manage turbidity levels during dredging of the Deep Water Channel, 
measures such as fitting the TSHD with a valve to reduce the amount of air entrained in overflow 
water, thus reducing the buoyancy of the sediment plume and allowing sediments to fall to the sea 
bed in a shorter time, will be employed.  Similarly, the hopper will not be filled to the fullest extent 
unless it employs a ‘green valve’ which is designed to prevent overflow of turbid water from the 
hopper and direct any excess water back down a pipe near the cutter suction pipe and 
approximately six metres below the surface (see Section 6.4.5.1). 

6.4.4.2 Sediment plume modelling predictions 

Sediment plume modelling carried out for the Project predicts cumulative TSS impacts associated 
with the combined dredging, disposal and reclamation activities over the entire dredging 
programme.  TSS plumes for each of the scenarios modelled (i.e. starting during January, 
September and November) are presented in Figure 6-7 through Figure 6-12.  TSS levels have been 
averaged through the water column to more realistically determine those levels that could be 
encountered by BPPH on the seabed, taking into account TSS levels that are predicted to occur for 
95% of the time and 50% of the time during the dredging program. 

The visible extent of the potential sediment plume is indicated as the extent to where the TSS was 
greater than 2 mg/L shown as the red line on figures Figure 6-7 through to Figure 6-12.  The 
modelling also shows the extent of the plume below the visible limit to the lowest measurable level 
of <1 mg/L, this is shown as the orange line on Figure 6-7 through to Figure 6-12.  The modelling 
predicts that the pattern of suspended sediment dispersion will be similar for all three seasonal 
dredge scenarios. 

There are predicted to be short lived and spatially restricted elevations in TSS particularly at 
locations close to the source of the sediment including the dredging, the spoil ground and the return 
water outflow from Rous Head land reclamation.  Concentrations of TSS in these immediate 
locations are likely to reach peaks of approximately 25 to30 mg/L for short durations. 

The plume modelling time series for each seasonal scenario has also predicted that there are likely 
to be short lived and spatially restricted elevations in TSS reaching locations further north such as 
Cottesloe (see Appendix G, p 43).  These will be in the form of visibly turbid patches of water 
with peak TSS of approximately 30 mg/L that may move through the area for several hours as the 
sediment disperses and settles.  It is also possible that patches of turbid water will be seen to move 
some distance up river particularly with the incoming tide as far as the Leeuwin boat ramp and 
south to the Fisherman’s harbour and Bathers Beach (see Figure 6-8). 
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These elevations in TSS will, however, be short lived and when the average TSS over time and 
through the water column is viewed in figures Figure 6-7 through to Figure 6-12 this reduces the 
averaged TSS results at the extent to practically zero (below the visible detection).  While there is 
likely to be some short term loss of visual amenity as patches of turbid water may occasionally be 
seen as far north as Cottesloe, this is not predicted to be of sufficient intensity or duration to have 
any effect on the marine communities in the area including the Cottesloe Fish Habitat Protection 
Area. 

During each season the visible sediment plume (< 2 mg/L) is shown to extend further for the 50% 
of the time scenario compared to the 95% of the time scenario (Figure 6-7 through Figure 6-12).  
This means that for 50% of the time during the dredging there is predicted to be a visible plume 
(< 2 mg/L, red line) extending up to approximately two kilometres north of the Rous Head 
reclamation area and a plume below the visible detection level extending as far as Cottesloe.  
During the September scenario the plume is predicted to extend slightly further to the south of the 
Entrance Channel up to two kilometres, compared to less than one kilometre during January or 
November.  

The furthest extent of the plume at < 1 mg/L predicted for either 50% or 95% of the time during for 
all three seasonal scenarios shows that there may be higher than background TSS levels visible up 
approximately 10 km North as far as Cottesloe.  However, the average of these TSS levels will be 
less than the measurable detection limit and therefore not likely to pose any adverse impact on 
benthic habitat at this extent of the modelled plume (see Section 6.5.4 and Section 6.6.4.3). 

Baseline water quality analysis of TSS samples taken from fortnightly sampling trips indicate that a 
baseline concentration of around 2 mg/L is appropriate for the Fremantle offshore marine 
environment (taken as the 80th percentile of the data set collected – see Appendix D).  The 
sediment plume modelling predictions appear to be consistent with aerial photographs taken of 
Stages 1 and 2 of the reclamation at Rous Head in 1989 (see Figure 6-1) where the plume is 
predicted to be visible only within the immediate vicinity of the discharge from the reclamation 
area for the proposed dredge scenarios (see Figure 6-8 and Figure 6-12). 

The implications and potential impacts of TSS on benthic habitats are discussed in Section 6.5.4 
and on marine fauna in Section 6.6.4.3. 
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Figure 6-7 TSS Plume Contours for 95% of the Time  
Starting in January
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Figure 6-8 TSS Plume Contours for 50% of the Time  
– Dredging Starting in January

 Averaged Through the Water Column Across the 
Dredge Programme 
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Figure 6-9 TSS Plume Contours for 95% of the Time
– Dredging Starting in September

  Averaged Through the Water Column Across the 
Dredge Programme 
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Figure 6-10 TSS Plume Contours for 50% of the 
Time – Dredging Starting in September
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Figure 6-11 TSS Plume Contours for 95% of the Time
– Dredging Starting in November
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Dredge Programme 
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Figure 6-12 TSS Plume Contours for 50% of the 
Time – Dredging Starting in November

Averaged Through the Water Column Across the 
Dredge Programme
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6.4.4.3 Creation of Turbid Plumes from Return Water at Rous Head 

The TSS of the return water is expected to be approximately 30 mg/l at the discharge point and is 
derived from direct measurements of TSS at the discharge point from the settlement pond during 
the AMC dredging (Oceanica 2008).  The highest TSS concentration obtained using filtration 
methods (taken approximately 12 m from the discharge point) was 29 mg/L.  The Inner Harbour 
and AMC sediments have similar characteristics with a high content of limestone (up to 60% of the 
volume) (SKM 2005).  Monitoring during the AMC dredging indicated that TSS remained below 
5 mg/L at all monitoring sites for the duration of dredging (Oceanica 2008). 

During the AMC dredging program, dredge spoil was pumped directly to a settling pond via a 
floating pipeline and a silt curtain positioned within the settlement pond, as is planned for material 
dredged from the Inner Harbour and relocated to Rous Head (see Figure 6-13).  The AMC 
campaign has, therefore, provided indicative values for TSS concentrations being discharged from 
the weir box (overflow from the settlement ponds), and these have been used as input parameters 
for the sediment plume modelling of the Rous Head discharge.  A secondary silt curtain was found 
to be effective in containing the turbidity during return water discharge at Rous Head during the 
Inner Harbour dredging in 2003 (SKM 2003). 

a) AMC dredging in 2007 b) Inner Harbour dredging in 2003 
 Figure 6-13  Photos Taken at the point of return water discharge (indicative of the Rous 

Head discharge) 

 
Adjacent to the weir-box at AMC, turbidity was measured to be less than 10 NTU at the surface 
and 20 to 40 NTU at the bottom of the water column (Oceanica 2008).  Monitoring of TSS levels 
during the AMC dredging is shown in Figure 6-14 and indicates that TSS remained below 5 mg/L 
at all monitoring sites for the duration of dredging. 
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 Figure 6-14  TSS Concentrations at Monitoring Sites in Cockburn Sound during the AMC 
Dredging (dredging period indicated by arrows) (Oceanica 2008) 

 

6.4.4.4 Sedimentation during Dredging and Disposal 

The dredge log that has been produced for modelling used production rates varying between 350 to 
2,000 m3/hr.  Based on these rates and the size of the reclamation area (27 Ha), it is estimated that 
retention time will be as high as 20 days at the beginning of dredging.  The overflow of return 
water from the reclamation area is predicted to have a typical suspended sediment concentration of 
approximately 30 mg/L (based on Oceanica 2008), which represents approximately 1.5% of the 
dredged material. 

Sedimentation levels predicted to occur across the Project area during the dredging, disposal and 
reclamation works are shown for each of the seasonal scenarios modelled in  

Figure 6-15, Figure 6-16 and Figure 6-17.  Sedimentation rates across the Project Area are 
predicted to range from 100 to 50,000 g/m2 (or 10 to 5,000 mg/cm2) across the dredging program.  
This relates to a sediment depth of less than 30 mm thickness for the peak sediment load on 
seagrass beds just outside the spoil disposal area to the north.  All three scenarios show limited 
variation in levels, November and January predict a slightly larger area of impact.  Based on this 
sedimentation load it is not anticipated that sedimentation will be a major contributing factor to 
seagrass loss and therefore the light attenuation associated with the suspended sediment plume is 
identified as the major factor producing potential impacts on BPPH (see Section 6.5.4.3). 
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Figure 6-15 Predicted Sedimentation Loading 
– Dredging Starting in January
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Figure 6-16 Predicted Sedimentation Loading 
– Dredging Starting in September

Across the Dredge Programme 
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Figure 6-17 Predicted Sedimentation Loading  
– Dredging Starting in November

Across the Dredge Programme 
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6.4.4.5 Remobilisation and Release of Contaminants 

As part of the strategy for managing potentially contaminated sediments, all loose sediments up to 
0.5 m below the seabed surface will be placed into the reclamation area and capped with clean 
dredged material. 

The National Ocean Disposal Guidelines for Dredged Material (NODGDM) (EA 2002) provide a 
framework for the assessment of impacts associated with dredging and the potential for release of 
contaminants.  The level of contamination in sediments to be dredged is of concern due to the 
potential impacts those contaminants may have on biotic communities if released into the water 
column.  For this reason, it is not only the total amount of a contaminant which is important, but its 
biological availability.  There are a number of factors which impact on bioavailability, including 
particle size and organic and sulphide content. 

Material Proposed for Land Reclamation 

Comparison with Inner Harbour and Rous Head surface sediments with the Contaminated Sites 
Management Series: Assessment Levels for Soil, Sediment and Water: Ecological Investigation 
Levels (DEP 2003), is presented Section 4.4.3.2.  Elevated levels of total organochlorine pesticides 
were recorded in both Inner Harbour and Rous Head surface sediments and pyrene (PAH) in only 
Inner Harbour surface sediments.  However, all parameters analysed from Inner Harbour sediments 
to be disposed to land reclamation at Rous Head were below the Health Investigation Levels 
(HILs) established for land identified for industrial use (see Appendix B). 

During previous maintenance dredging of the Inner Harbour undertaken in 2003, TBT was 
measured in filtered water samples taken from within the containment pond (SKM 2003).  The 
median value was 6 ng/L and the maximum 47 ng/L.  Immediately outside the secondary silt 
curtain, the median value was 2 ng/L, and at a distance of 200 m from the discharge point the 
median was <1 ng/L.  These values compare with the ANZECC/ARMCANZ (2000) guideline 
value of 6 ng/L for TBT at a 99% level of species protection. 

Although Inner Harbour surface sediments have exceeded NODGDM screening guidelines and 
EILs, this does not necessarily mean that these sediments are unsuitable for placement within the 
reclamation area at Rous Head.  Further investigation of Inner Harbour surface sediments is 
required as per the staged approach to management agreed in the ESD (see Appendix B).  Elutriate 
testing of parameters that exceeded NODGDM screening levels is considered the next appropriate 
stage of testing to determine whether there would be an effect on organisms in the water column 
from discharge of overflow water from the reclamation area. 

Sediment samples for elutriate testing were collected from the ten sites in the Inner Harbour, 
analysis was undertaken and the results compared against water quality guidelines to determine if 
the return water is likely to be toxic in the marine environment.  The ANZECC/ARMCANZ (2000) 
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Guidelines for fresh and marine water quality gives specific trigger values for most toxicants at 
varying levels of species protection ranging from 99% to 80% protection.  In this case a high level 
of species protection applies outside the reclamation area and, therefore, the highest level trigger 
values should apply. 

Elutriate Testing of the ten Inner Harbour sites showed metals including, Cadmium, Chromium, 
Copper, Lead, Nickel, Silver and Zinc were below detection levels for the majority of sites; 
however, there were the following exceptions: 

 Lead was detected at two sites at low levels of 1.1 and 0.5 μg/L.  These levels are below the 
marine water quality guidelines for lead at the 99% species protection level of 2.2 μg/L 
(ANZECC/ARMCANZ 2000); 

 Nickel was detected at seven sites at low levels of 0.5 to 1.8 μg/L.  These levels are below the 
marine water quality guidelines for lead at the 99% species protection level of 2.2 μg/L 
(ANZECC/ARMCANZ 2000); 

 Zinc was detected at one site at a level of 8 μg/L.  This level just exceeds the marine water 
quality guidelines for Zinc at the 99% species protection level of 7 μg/L 
(ANZECC/ARMCANZ 2000); and 

 Arsenic was detected in elutriates from all ten Inner Harbour sites with levels ranging from 3.1 
to 26.1 μg/L. Background levels of Arsenic in seawater used for the elutriation were 1.9 μg/L. 

 

Levels of total arsenic in elutriate samples exceeded the low reliability marine trigger value at 
seven out of the ten sites sampled.  However, the ratio used in the elutriation (four parts water to 
one part sediment) does not replicate that expected for the return water to be discharged during 
dredging.  Dredging routinely has a ratio of approximately seven parts water to one part sediment. 

The elutriate results discussed in Appendix B indicate that only a 3.6 fold dilution is required to 
achieve the low reliability trigger value and it is predicted that appropriate management of the 
dredging and disposal process will readily achieve the required level of dilution.  It should be 
emphasised that the dilution was calculated using the sea water concentration of 1.9 μg/L from the 
Inner Harbour which would overestimate the ambient environment at Rous Head.  For instance, if 
the ambient arsenic level in the receiving environment was zero then the dilution factor required 
would be reduced to 2.1 fold.  As such the predicted dilution factor required is a conservative 
estimate. 
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Material Proposed for Offshore Disposal 

The Deep Water Channel sediments did not exceed NODGDM screening levels for any parameter 
tested and may, therefore, be classified as ‘clean’ and suitable for unconfined offshore disposal, in 
accordance with the requirements of the NODGDM Guidelines.  Material to be dumped at the spoil 
ground will be mainly crushed limestone rock, typically 10–100 mm in size and will, therefore, be 
stable against disturbance from ships anchoring and prop-wash.  Furthermore, as this material is 
classified as ‘clean’ under the NODGDM, disturbance and remobilisation of contaminants will not 
be an issue. 

Surface sediments in the Entrance Channel, however, were found to have levels of TBT and PAHs 
above the NODGDM screening levels across several locations, and so further investigation of these 
sediments was also required (see Section 4.4.3). 

Sediment samples were collected for elutriate analysis at eight sites within the Entrance Channel 
(see Appendix C).  Results from elutriate testing showed that levels of TBT and PAHs were below 
detection levels in all samples from the Entrance Channel surface sediments.  Based on this testing, 
sediments dredged from the Entrance Channel area where they do not exceed NODGDM criteria 
and thus are considered suitable for disposal at the proposed spoil ground or to the land reclamation 
at Rous Head.  Notwithstanding this, it is intended that any sediment exceeding the NODGDM 
screening levels will be disposed to the Rous Head reclamation area. 

6.4.5 Management Strategies 

The Draft DSDMP includes measures to minimise suspended sediment concentrations produced 
during dredging, spoil disposal and land reclamation operations.  These measures are described in 
detail in Appendix H.  Summarised below are the key potential areas of impact that will require 
application of management measures to minimise impacts to water quality, and consequently to 
sensitive marine receptors as detailed in Section 6.5.5.  The potential impacts are as follows: 

 Creation of turbidity during dredging, disposal and reclamation operations; 

 Remobilisation and release of contaminants during dredging; and 

 Hydrocarbon spills (discussed in Section 6.9.5). 

 

6.4.5.1 Management of Turbidity during Dredging, Disposal and Land Reclamation 

Water quality management measures and associated monitoring will be carried out to ensure that 
impacts on water quality are minimised as far as practicable and that contingency measures are 
implemented in the event that water quality is not maintained within acceptable levels. 
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Potential impacts to Seagrass from dredging will be managed in accordance with the Draft DSDMP 
(see Appendix H).  The DSDMP outlines specific mitigation and monitoring measures to limit 
environmental effects, and will be implemented prior to commencement of dredging activities.  
Measures are defined described in detail below. 

Management: 

 Fremantle Ports’ will conduct ongoing discussions over a 2–3 month period with their 
appointed Dredge Contractor to fully develop an appropriate dredging method that will 
encompass the requirements of the Draft DSDMP. 

 

 Dredging and Offshore Spoil Disposal: 

– A turbidity reducing valve will be used within the overflow pipe of the TSHD; 

– A ‘green valve’ will be used for the overflow of the TSHD; 

– Overflow levels will be raised to the highest point during spoil transport to ensure 
minimum spillage of sediment; 

– Hopper door seals will be maintained in good condition to ensure minimum loss of 
sediment during transport; 

– All crushed material will be placed within the dredging footprint; 

– Sailing routes will be selected to minimise the generation of propeller wash; 

– Hopper de-watering is to be confined to the dredging and spoil disposal areas; and 

– Well maintained and properly calibrated dredging vessels will be used.  Vessels will 
include features such as on-line visualisation of bathymetric charts, loading diagrams, 
production statistics and vessel movement. 

 

 Land Reclamation: 

– The seawall will be constructed in advance of the dredging and reclamation works around 
the reclamation area. If required, intermediate bunds will be constructed within the 
reclamation area to subdivide the overall reclamation area into two or more settlement 
basins; 

– The rock armoured seawall will be lined on the inside with a geotextile liner to reduce 
leakage of the fines through during the reclamation operations; 

– A suitable control (e.g. weir box) will be used at the discharge point to control the water 
level and the rate of discharge; and 

– A silt curtain will be placed at the discharge point to minimise turbidity of the overflow 
water in the adjacent waters. 
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 Pipeline: 

– Well maintained floating pipelines will be utilised to minimise leakage of turbid water 
during pumping of material to the reclamation area; 

– Pipeline flow controls and inline monitoring will be utilised; 

– Any leaks will be repaired as soon as practicable; and 

– Pumping will stop as soon as any major ruptures are identified (within the operational 
constraints of the equipment). 

 

Seagrass Monitoring 

The dominant BPP in Fremantle waters is seagrass.  A draft overview of the Seagrass Health 
Monitoring Program is shown in flow chart form in Figure 5-1 of the DSDMP (Appendix H).  The 
program will be further developed in consultation with DEC.  The program involves the following 

 Three locations will be monitored (Deep Water Channel, Offshore Disposal Area and Rous 
Head/Harbour Entrance); 

 At each of the locations, two monitoring sites will be selected within each of the modelled 
zones (effect and influence); 

 A minimum of three reference sites outside the predicted zone of influence will be monitored; 

 Baseline data will be collected from the reference sites and the impact sites a minimum of two 
months prior to commencement of dredging; 

 Monitoring of all sites will be undertaken mid-way through the dredging program for 
comparison to baseline data; 

 Monitoring of all sites will be undertaken within two months of the completion of dredging 
and disposal.  If required (shoot density in the zone of influence be reduced by over 50% 
relative to the reference sites), another post-dredging/disposal monitoring event will be 
undertaken during the next seagrass growing season; 

 Shoot density and epiphyte load will be monitored at each site.  Epiphyte loading will be 
quantitatively assessed during pre- and post-dredging/disposal monitoring events.  Shoot 
density will be undertaken during all monitoring events and will form the basis of a trigger for 
reactive management options; 

 Shoot density in the zones of effect and influence will be calculated as a percentage net loss 
value.  Seasonal variation at the reference sites will be taken into account by subtracting the 
average loss of seagrass shoot density at the reference sites (if any) from the losses within the 
predicted zones of effect and influence; and 

 In the event water quality thresholds are exceeded (see Section 5.5 of the DSDMP 
(Appendix H)), seagrass health monitoring would be undertaken monthly. 
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Staged management actions will be implemented based on measured decreases in seagrass shoot 
density in consultation with the DEC (Figure 5-1) as follows: 

 Should seagrass shoot density decrease by 50% or greater in the zone of influence or 80% in 
the zone of effect then the DEC will be consulted to determine the appropriate course of 
action. 

 

Management Measures 

Management actions to limit seagrass shoot density decline as a result of the dredging program are: 

Level 1 Management 

TSHD 
 Maximise overflow level; 

 Utilise favourable tides/weather/currents to minimise impacts; 

 Minimise draining of excess water on route to dumpsite (subject to operation safety); and 

 Reduce prop-wash by managing the loading sequencing. 

 

CSD/Backhoe/Dragline/Clamshell 
 Relocate the dredge from sensitive areas; 

 Deploy silt curtain at return outlet of land reclamation area; and 

 Install additional internal bunding in land reclamation area to increase water retention. 

 

Level 2 Management 

Continue implementing Level 1 Management strategies plus: 

TSHD 
 Reduce loading times. 

 

CSD/Backhoe/Dragline/Clamshell 
 Utilise favourable tides/weather to minimise impacts. 

 

Level 3 Management 

Continue implementing Level 2 Management strategies plus: 
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TSHD 
 Reduce overflow; 

 No overflow in areas where plume will be directed towards affected area; and 

 Trial single shift dredging and review impact. 

 

CSD/Backhoe/Dragline/Clamshell 
 Trial single shift dredging and review impact 

 

Level 4 Management 

 Consult with DEC; and 

 Temporarily cease dredging. 

 

In addition to management measures to limit impacts to seagrass, community concerns will be 
responded to through consultation measures including preparation of notices for local papers about 
the project, including a phone number to call for information.  Calls will be logged and reported. 

 

 An overview of a number of proposed actions that may be applied include: 

– Move dredging operation to another location; 

– Reduction or cessation of overflow during times when the dredge plume is likely to 
further impact the effected seagrass health; 

– Optimisation of dredging and/or disposal location based on meteorological and 
oceanographic conditions and location of effected seagrass health; 

– A reduction in dredging to 12 hour/day; and 

– Temporary cessation in dredging activities. 

 

6.4.6 Outcome 

Through the implementation of the management strategies outlined in Section 6.4.5, the overall 
marine water and sediment quality will be maintained during the Inner Harbour Deepening Project. 

6.5 Marine Benthic Habitats 

6.5.1 Overview 

Benthic habitats in the Inner Harbour and Entrance Channel have been significantly modified by 
removal of the protective bar at the mouth of the Swan River in the 1890s and subsequent episodic 
dredging occurring over the past 110 years.  Dredging and shipping movements continually disturb 
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sediments in the harbour making it an unsuitable area for the growth of BPP.  Today, the Inner 
Harbour and the Entrance Channel are of low biological habitat value (see Section 4.5.1.3). 

The habitats at risk from direct and indirect impacts from the project are a mix of BPPH (hard coral 
assemblages, moderate to patchy seagrass beds and macroalgae) and non-BPPH (i.e. subtidal bare 
sand) (Section 4.5).  Definition of habitats as BPPH is based on the EPA Guidance Statement 
Number 29 (EPA 2004), and these habitats are considered to be highly important providers of 
ecosystem services and therefore any disturbance to these features should be limited or prevented 
(EPA 2004). 

The seabed within the proposed Rous Head reclamation is characterised by coarse sand over 
limestone pavement belonging to the geological formation known as the ‘Cottesloe Fringing Bank 
Unit’.  It is typical of the sandy nearshore habitat found along much of the northern metropolitan 
coast line.  Exposed areas of pavement are seasonally covered with macroalgae.  Ephemeral 
seagrass (Halophila spp.) can also occur at low densities within the area, but the area does not 
support dense Posidonia spp. or Amphibolis spp. seagrass meadows (see Section 4.5.1.4).  There 
are however, sparse patches of Posidonia sp. and Amphibolis sp. seagrass within approximately 10 
to 50 m of the proposed Rous Head reclamation area and these are within the potential zone of 
effect from the discharge water. 

The Deep Water Channel, which is located north of Gage Roads and to the east of Rottnest Island, 
has been used as a shipping channel for approximately 50 years.  Preliminary investigations of the 
benthic habitat show that the seabed is primarily comprised of sandy sediments and interspersed 
with hard outcrops.  Seagrass of varying density is present at some locations.  Limestone outcrop 
areas support both seagrass and macroalgae (see Section 4.5.1.5). 

The proposed offshore spoil ground lies in a natural depression on the western margin of Gage 
Roads and to the west of the Deep Water Channel.  The area is used as a ship anchorage, and is 
devoid of benthic flora apart from a few small patches of Halophila spp. (see Section 4.5.1.6). 

Historic information, as well as results from an extensive BPPH survey suggests that Hall Bank is 
the only diverse and abundant coral community assemblage within the possible area of effect of the 
project.  Coral cover is very high in some areas, with Favites/Goniastrea spp. identified as the most 
abundant species at all depths.  Other coral species identified include Favia favus and Goniastrea 
australiensis (see Section 4.5.1.7). 

The GEMS model was used for simulating the specific fate of particles discharged during dredging, 
spoil disposal and land reclamation activities.  A discussion of the model, resuspension and the 
model outputs are provided later in this Section.  Sediment cores were taken as part of the marine 
studies (see Section 6.3) to determine particle size, resuspension potential and settling velocity of 
sediment to help interpret the model predictions. 
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6.5.2 EPA Objective 

The EPA objective is to maintain ecological function, abundance, productivity and biodiversity in 
accordance with EPA Guidance Statement No. 29. 

6.5.3 Relevant Guidelines and Legislation 

Guidelines and legislation relevant to the management of impacts include: 

 EPA Guidance Statement No. 29 Benthic Primary Producer Habitat Protection for Western 
Australia’s Marine Environment (June 2004); 

 National Ocean Disposal Guidelines for Dredged Material (NODGDM), (Environment 
Australia 2002); and 

 Environment Protection (Sea Dumping) Act 1981. 

 

6.5.4 Potential Impacts 

Turbidity refers to the amount of suspended particulate matter in the water column and the 
resulting effects on light attenuation.  Increased levels of turbidity can impact corals, seagrass and 
macroalgae by reducing the amount of light available for photosynthesis.  Sedimentation is referred 
to as the deposition of particulate material onto the benthos and can abrade or smother sessile 
organisms. 

During the Inner Harbour Deepening Project, the habitats at risk from direct and indirect impacts 
are bare subtidal sand, patchy seagrass beds, macroalgae and hard coral communities 
(Section 4.5.2).  With the exception of subtidal sand, all others are defined as BPP and BPPH 
under the EPA Guidance Statement Number 29 (EPA 2004).  The BPP and BPPH are considered 
important for supporting many ecological functions at ecosystem level and therefore disturbances 
to these benthic primary producers and the habitats that support should be avoided, or minimised to 
defined limits (EPA 2004). 

Acceptable losses of BPPH are set within the boundaries of ‘Management Units’, which are based 
upon the spatial definition of areas that are important at ecosystem level (EPA 2004).  The BPPH 
Management Units for the proposal were agreed with the EPA/DEC within the Environmental 
Scoping Document (ESD) and are shown in Figure 6-18. 

Based on the numerical modelling simulations the Management Units that are predicted to 
experience potential impacts (both direct and indirect) are Gage Roads (E) and the Deep Water 
Channel (D).  Although the September scenario model simulation predicts that the Zone of 
Influence will extend into the Coastal Unit (C), it is not predicted that this Management Unit will 
permanently impacted by the proposal.  The proposed spoil ground and the areas around the port 
development are located within Fremantle Ports’ limits, which correspond to Category E 
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(Development areas) under EPA Guidance Statement Number 29.  The allowable cumulative loss 
threshold of BPPH within the Gage Roads Management Unit, Category E is 10% and within the 
Deep Water Channel Management Unit, Category D is 5%. 

The Inner Harbour Deepening Project has the potential to impact BPPH and benthic primary 
producer communities by: 

 Direct impacts to the seafloor habitat and BPP when seafloor is extracted by the dredging and 
due to smothering of habitat during spoil disposal and reclamation; and 

 Indirect impacts associated with turbidity plumes and increased sedimentation rates generated 
during dredging and spoil disposal. 

 

In addition there also exists the potential for the creation of new areas of BPPH due to decreased 
water depth and therefore increased light intensity in areas raised through the deposition of dredge 
material, that is the proposed spoil ground. 

An assessment of the project in the context of the Guidance Statement No. 29 (EPA 2004) is 
presented in Appendix E. 
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6.5.4.1 Direct Impacts to BPPH 

The direct removal of seabed can result a loss of benthic primary producer habitat (BPPH) and 
mortality of supporting species and benthic assemblages.  Subsequent indirect effects to marine 
fauna result through loss of habitat (see Section 6.6.4), and a reduction in species diversity and 
abundance (such as fish and sessile benthic infauna and epifauna) (see Section 6.6.4). 

Dredging of the Inner Harbour will cause direct physical disturbance to the seabed, but will not 
result in direct loss to BPPH because the impacted area does not support BPPH.  Instead, the Inner 
Harbour is characterised by bare subtidal sand.  However, dredging of the Entrance Channel and 
Deep Water Channel and disposal of spoil to the proposed offshore spoil ground will result in the 
direct loss of some BPP and BPPH.  BPP such as seagrass and macroalgae in these areas may be 
directly removed by dredging or smothered by disposal of the spoil material. BPPH may be directly 
affected by altering the habitat for benthic primary producers to grow upon making it too deep in 
the Deep Water Channel or changing the substrate so that it is unsuitable for BPP to grow.  In 
addition, the land reclamation proposed at Rous Head will result in the permanent loss of BPPH 
over an area of 27 Ha. 

The areas to be directly impacted with their corresponding BPPH losses have been calculated in 
accordance with EPA Guidance Statement No. 29 and are presented in Table 6-2.  In order to 
provide the worst case for permanent BPPH loss, the ‘zone of potential impact’ has been calculated 
assuming that the total area of the dredging footprint in the Entrance Channel, Deep Water Channel 
and the total area of the proposed spoil ground is to be permanent loss (see Figure 6-22, 
Figure 6-23 and Figure 6-24).  Therefore all BPPH identified in the habitat mapping within the 
dredging footprint and disposal areas has been calculated as loss. 

While this estimate of permanent loss is certainly the case for the Rous Head reclamation area, it is 
the most conservative approach elsewhere because it overestimates the areas of loss in the Entrance 
Channel, Deep Water Channel and proposed offshore spoil ground.  In reality there will be some 
immediate direct loss of any existing BPP in the areas dredged for the channels and this loss may 
remain permanent because the depth of the channel will be increased therefore making it less likely 
for seagrass to re-colonise.  However, on the spoil ground there will not be total loss over the entire 
area calculated.  Spoil dumping will cover a major portion of this area and be aimed at placement 
in the deepest part of the spoil ground which is currently more sparsely covered with BPP.  
Although this may over time become recolonised with seagrass or macroalgal species, for the 
purposes of this assessment it is assumed to be permanent loss. 

Direct loss of BPPH in relation to the Management Units is shown as the red cross-hatched area for 
each dredging scenario in Figure 6-22, Figure 6-23 and Figure 6-24.  Predicted permanent loss of 
BPPH within the direct footprint of the dredge areas, spoil ground and reclamation area was found 
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to be within acceptable limits for cumulative loss including historical loss of BPPH for the Project 
Area Management Units (see Table 6-2). 

6.5.4.2 Historical loss of BPPH 

Historical loss of BPPH has occurred through numerous changes to the coastline both to the North 
and South of the entrance to Fremantle Harbour.  Historical changes to the original coastline are 
depicted in Section 5.5 of DSDMP (Appendix H) which shows the coastline in 1877 (yellow line) 
then again in 1985 (green line) and the present coastline (satellite image) with the proposed Rous 
Head reclamation area (outlined in red).  Extensions to the Fremantle Harbour coastline have 
included land reclamation at Rous Head including the North Mole and Rous Head harbour.  To the 
south, the South Mole, Arthur Head and several small vessel harbours have been constructed all 
adding to the historical loss of seabed and hence area for BPPH.  These historical changes amount 
to a total area of approximately 194 ha of seabed and intertidal zone being reclaimed or enclosed as 
small vessel harbours.  These historical losses are all contained within the Gage Roads 
Management unit and there is no historical evidence of loss in the Deep Water Channel 
Management unit. 

Because these changes to the coastline resulting in loss of BPPH began as far back as 1897 with the 
opening of the Inner Harbour, it is not possible to obtain baseline habitat mapping or aerial 
photographs to accurately assess the historical area of BPPH. It has therefore been necessary to 
make an estimate based on existing data and available aerial photography from the 1980s. 

Applying the same areal extent of BPPH identified in the habitat mapping undertaken for the Gage 
Roads management unit, approximately 16% of the total seabed area already lost could have been 
seagrass beds and macroalgae.  Conversely, aerial photographs from 1985 at Rous Head show that 
up to approximately 30% of the seabed reclaimed or dredged for the stage 1 Rouse Head Harbour 
development could have been seagrass beds.  Historical loss of BPPH in the Gage Roads 
management unit has therefore been estimated to be between 16% to 30% of the total area 
amounting to a best case loss of about 30 Ha, and a worst case loss of about 58 Ha. 

These may also be overestimates of historical loss because there would have normally been very 
little seagrass in the intertidal zone or in the first few metres of water depth from the beach as can 
be seen at Bathers Beach and Port Beach in the background aerial image (Figure 6-19).  Apart 
from the reduction in BPPH associated with loss of seagrass beds resulting from the historical 
coastline changes, the construction of over five kilometres of rock breakwaters and seawalls to the 
present time may have increased the area available for macroalgal habitat.  For these reasons, it is 
considered that the calculation of historical BPPH loss is on the conservative side and 
overestimates the loss.  Notwithstanding this, the more conservative, worst case of the estimates 
(58 Ha) has been used for the cumulative loss calculation presented in Table 6-2. 
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 Table 6-2  BPPH Loss Calculations 

BPPH Loss Calculations 
BPPH Management Unit (MU) 

Gage Roads 
(Category E) 

Deep Water 
(Channel Category D) 

Total Size of Management Unit (ha) 6,825 10,521 

Types of Benthic Primary Producer Habitat Dominant seagrass with 
macroalgae and coral 

Macroalgae on limestone 
pavement, occasional seagrass 

Current Area of BPPH (ha) 1,050 1,532 
Historic BPPH Loss (ha and (%)) 58 (5.25%) 0 (0%) 

Predicted Permanent Direct Loss due to 
Project (ha and (%)) 25 (2.5%) 22 (1.5%) 

Predicted Total Cumulative Loss 
(Historical + this Project) (ha) 83 22 

Predicted Total Cumulative Loss as % of 
Historical Total 7.5% 1.5% 

EPA Category and Loss Threshold 
(2004b) E 10% D 5% 

 

The direct impact area of the project is located outside of the Coastal Management unit.  Based on 
the habitat mapping and the modelling predictions, there is no permanent BPPH loss in this 
Management unit (see Figure 6-22 and Table 6-4). 

Predicted BPPH loss in the Gage Roads Management unit is approximately 25 ha which is 2.5% of 
the current BPPH area of 1,050 ha.  Historical Loss is calculated to be 58 ha resulting in total 
cumulative loss of 83 ha which is 7.5% of the total current plus historical area of BPPH in the 
Management unit (1,107 ha). 

As there is no known historical loss in the Deep Water Channel Management Unit, the predicted 
permanent BPPH loss is confined to the 22 ha of BPPH in the dredging footprint or 1.5% of the 
total BPPH in that area. 

6.5.4.3 Indirect Impacts to BPPH  

Indirect impacts to marine biota from dredging and spoil disposal relate to increases in background 
turbidity and increased sediment deposition from the dredging activity.  Coral assemblages, which 
are restricted to Hall Bank approximately 3 km west of Leighton Beach, are particularly sensitive 
to changes in turbidity and sedimentation rates.  However, the zones of significantly elevated 
turbidity and sedimentation levels predicted by the modelling (see Section 6.4.4) do not extend as 
far as the corals at Hall Bank.  Therefore, there are no effects on these corals predicted during the 
dredging program that would result in any coral mortality.  As seagrass is the most widespread 
BPPH in the Project Area, the focus of the assessment of direct impacts associated with turbidity 
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plumes and increased sedimentation rates generated during dredging, offshore disposal and 
reclamation is on this BPPH community. 

EPA Guidance Statement No. 29 requires the development of Management Units for the spatial 
definition of BPPH to set the boundaries of the acceptable losses.  The Management Units for the 
Project are shown in Figure 6-18.  The Management Units have been defined to encompass all the 
areas of BPPH reported from the region, predicted to experience potential impacts (both direct and 
indirect) based on numerical modelling simulations.  A detailed investigation into the potential 
impacts to BPPH (see Appendix E) was undertaken using the sediment plume dispersion 
modelling results produced by GEMS.  The modelling is a tool to provide an indication of 
predicted turbidity and sedimentation patterns associated with the proposed dredging, spoil disposal 
and land reclamation activities. 

In conjunction with the modelling exercise it was necessary to develop a set of thresholds based on 
the light attenuation coefficient (LAC) for seagrasses, as the most sensitive receptor predicted to 
experience elevated turbidity due to dredging, in order to indicate where and when potential 
impacts might occur as a result of dredging and disposal activities. 

The assessment of potential impacts on seagrass has been carried out using a complex process 
involving a literature review, sediment plume dispersion modelling (see Section 6.3), laboratory 
investigations (see Section 4) and field studies (see Section 4).  The rationale for the process and 
justification for the assumptions is discussed in detail in Appendix E and summarised below. 

6.5.4.3.1 Threshold Development 

Threshold levels are values used to determine the zones of effect on benthic primary producer 
habitat.  These values are applied to numerical modelling of turbidity effects of dredging and 
disposal to generate three zones.  These zones can be best visualised as concentric circles one 
nested within another as shown in the conceptual model in Figure 6-20 with the boundaries being 
delineated by threshold values. 
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 Figure 6-20  Conceptual model of BPPH effect zones 

 

The zones are described as follows:  

Zone of Impact – is generally predicted as loss caused by both: 

 The area directly impacted (e.g. the channel dredging footprint, reclamation area and spoil 
disposal site); and 

 An area immediately about/surrounding the proposed dredging and disposal areas, which is 
indirectly impacted (e.g. by smothering or light deprivation) with a severity and duration such 
that impacts to biota and their habitats will be severe.  

This zone defines the area where mortality of, and long term (i.e. years) serious damage to, biota 
and their habitats would be predicted. 

Zone of Effect – this zone abuts and lies immediately outside of the Zone of Loss.  Within this 
zone sub-lethal effects on key benthic biota would be predicted, but there should be no mortality of 
benthic biota and no long-term damage to, or modification of, the communities they form or the 
substrates on which they grow.  The outer boundary of this zone is coincident with the inner 
boundary of the next zone – the ‘Zone of Influence’. 

Zone of Influence – this zone is the area where, at some time during the proposed dredging and 
spoil disposal activities, changes in sediment-related environmental quality levels or increased 
turbidity which are outside natural ranges (e.g. median value beyond 80th percentiles of un-
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impacted reference distribution) might be expected.  However, their intensity and duration is such 
that no detectible effects on benthic biota or their habitats are predicted. 

The threshold values delineate the boundaries of the three zones.  For this project the primary 
BPPH that will be impacted, based on the footprint of dredging, disposal and numerical modelling 
of TSS levels, is seagrass.  The coral area identified at Hall Bank is well outside the predicted 
effect or influence area of the project.  Calculation of the threshold values is, therefore, based upon 
light attenuation effects on seagrass correlated to TSS values used in the numerical modelling. 

6.5.4.3.2 Seagrass Minimum Light Requirements 

The minimum light requirement (MLR) for seagrass is the percentage of available sub-surface light 
irradiance required to sustain seagrasses at a given water depth.  The MLR is based on the 
physiology of a given seagrass thus each species has its own characteristic level.   The 
compensation depth is the water depth beyond which the seagrass cannot receive sufficient light 
over the course of an average year to sustain itself.  Also of importance is the length of time that 
different species can survive at light intensities below their MLR. 

A review of all available literature regarding the influence of water quality parameters on BPP 
(focusing specifically on seagrass) was undertaken and is reported in Appendix E.  The review 
focused on the tolerances of representative seagrass species to changes in light regimes and 
sedimentation rates.  Thresholds were reported in literature in terms of minimum light requirements 
(MLR) and are expressed as percentage of surface irradiance (SI). 

There is a considerable range of values reported in the literature for the minimum light requirement 
(MLR) of seagrasses (2.5–37% of surface irradiance), varying between different seagrass species as 
well as within a single seagrass species (Dennison et al. 1993; Duarte 1991; Collier 2006; Lee et al. 
2007; Schwarz et al. 2000).  Minimum light requirements of most seagrass species reportedly 
varies between 6% and 25% of surface irradiance, but for some species (most Halophila spp. and 
some Posidonia spp.) MLRs are as low as 3–8% (Erftemeijer and Lewis 2006).  

The variation in minimum light requirements reported in the literature is in part caused by 
differences in the methods used to derive these values.  Methods range from physiological studies 
of photosynthesis/irradiance relationships, field observations of maximum depth of seagrass 
colonisation, and experimental manipulation of light levels during growth studies, to statistical 
models (Batiuk et al. 2000). 

The MLR for the dominant seagrass species found in the project area have been derived from the 
literature and where possible in a similar environment.  These values are presented in Table 6-3.  
Given that the MLR for Posidonia coriacea is at or below that of Posidonia sinuosa the higher 
requirement for light of Posidonia sinuosa has been used in later calculations for simplification of 
threshold levels and as a conservative approach. 
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It should be noted that MLR data provided here were derived from the literature and not field 
investigations.  A recent review of the environmental impacts of dredging on seagrasses by 
Erftemeijer and Lewis (2006) demonstrates the widely differing MLRs reported for similar species; 
however, they attribute this to varying methods of determination.  When similar methods are used 
it is apparent that the MLR of a healthy species of seagrass varies little spatially.  The preferred 
method involves experimental manipulation of light levels during growth studies using PAR light 
metres.  For this reason the MLR values chosen here meet these criteria. 

 Table 6-3  Critical Threshold MLRs for Seagrass Species in the Project Area 

Seagrass Species MLR Reference 

Heterozostera tasmanica 4.6% Westphalen et al. (2004) 
Posidonia angustifolia 6.1% Westphalen et al. (2004) 
Posidonia coriacea 8.0% Westphalen et al. (2004) 
Posidonia sinuosa 
Amphibolis griffithii 

8.5% 
>11% 

Collier (2006) 
Lavery et al. (2006) 

Note:  MLR is expressed as a percentage of sub-surface light (PAR). 
 

Thresholds relevant to Amphibolis griffithii 
In a recent study examining the impact of shading on meadows of the seagrass Amphibolis griffithii 
at Jurien Bay, Lavery et al. (2006) concluded that the minimum light requirements of A. griffithii 
are probably significantly greater than the global seagrass average of 11% of sub-surface light 
reported by Duarte (1991). 

The study also demonstrated that when shading removed all but 10% of sub-surface light, a range 
of effects were recorded, mostly after three months of continuous shading, but with one effect, 
reduction in epiphytes, significant after just one and a half months (Lavery et al. 2006). 

The results from Lavery et al. (2006) suggest that monitoring for changes in leaf biomass, leaf 
cluster density, number of leaves per cluster would allow detection of effects on Amphibolis 
griffithii after three months of continuous shading.  Monitoring of epiphyte biomass apparently has 
some potential for even earlier detection of change, with only 44% of the pre-stress biomass 
remaining after just one and a half months.  However, the results for epiphyte loss may also be 
affected by increased predation from fishes that were attracted to the cover provided by the shade 
cloth (Westera, pers comm.) 

In phase two of the experiment (Lavery et al. 2006), with two treatments of moderate shading 
(50%) and heavy shading (80%), effects were also noticeable with no recovery for the plots shaded 
for three and six months (up to four months after shading was removed).  There was some recovery 
in algal epiphyte biomass but it did not return to control conditions. 
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These experimental manipulations of light were performed to gain greater insight into the capacity 
of seagrass in the Geraldton region to withstand some level of stress from dredging.  This research 
was undertaken after the Port of Geraldton dredging campaign that led to widespread death of 
seagrass in response to a prolonged decline in water quality caused by persistent resuspension of 
the dredge plume.  Westera and Babcock (2007) reported recovery of seagrass beds in the years 
2005–2007 but that the recovery was patchy and without an adequate set of baseline information, it 
was difficult to partition out potential non-dredging effects. 

The species impacted by the dredging operations at Geraldton (Amphibolis spp.) are also present 
within the Gage Roads and Deepwater Channel Management Unit areas.  However, Posidonia 
sinuosa is the main species of seagrass in the region most likely to be impacted by the deposition of 
dredge material at the proposed spoil ground.  During the habitat assessment, Amphibolis spp. 
seagrass was found in sparse, patchy areas to the north of the Deep Water Channel and to the north 
of Rous Head.  These areas were relatively shallow being only 5–12 m depth.  The area to the north 
of the proposed Gage Roads spoil ground is in deeper water from approximately 13–20 m and was 
predominantly Posidonia spp. (P. sinuosa and P. coriacea), and at the deeper extent Heterozostera 
sp.  Because depth is an important factor in MLR for seagrass, the seagrass located in deeper areas 
near the spoil ground (Posidonia spp.) is potentially more likely to be impacted and hence the 
appropriate MLR has been chosen for these species. 

The setting of thresholds to be applied in the present campaign has, therefore, been informed by the 
investigative studies undertaken in the wake of the Geraldton Port experience and also by reference 
to the wider literature relevant to the species likely to be affected by the project. 

The MLR of the most sensitive climax species present in the Project Area most likely to be 
impacted, that is Posidonia sinuosa, is 8.5% of ambient light and has been applied in calculating 
thresholds to determine potential seagrass loss.  Permanent impacts are predicted when 1% of the 
MLR is experienced for the dredge program, and temporary impacts or effects are predicted when 
30% of the MLR of is experienced during the program.  This is illustrated in Figure 6-21. 

The development of thresholds for LAC used the baseline water quality data set from October 2007 
to September 2008 to determine the background LAC value and the maximum average LAC over 
this period.  This included the majority of coverage across the proposed dredging scenarios and 
yielded consistent LAC rolling means across the period over which data was collected. 

Given that background light attenuation coefficients recorded during the baseline water quality 
monitoring (see Appendix D) were approximately 0.06 m-1, a depth of 18 m represents the depth at 
which light has been reduced to 8.5% of sub-surface irradiance.  Therefore, it is not expected that 
BPPH (namely Posidonia spp. or Amphibolis spp. seagrass) will be present at depths greater than 
18 m, which is supported by the presence of only sparse Halophila sp. or bare sediment below this 
depth at the spoil ground (see Section 4.5.1.6). 
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Predicted turbidity impacts 

Figure 6-21 shows the rationale of the trigger values used in conjunction with the modelling to 
establish areas of Zone of Potential Impact (Threshold 1, Permanent Loss) Zone of Potential Effect 
(Threshold 2, short term impact but no long term loss) and the Zone of Potential Influence 
(Threshold 3, Increased turbidity but no short term impact or long term loss).  The modelling 
output for loss of light caused by increased TSS has been used to predict these three zones based on 
the threshold values for each seasonal scenario.  These zones have then been used with the BPPH 
mapping to calculate the area of habitat affected by each zone for each scenario.  Indirect effects on 
seagrass in relation to the management units is shown in Figure 6-22, Figure 6-23 and 
Figure 6-24.  Table 6-4 presents the results of each predicted zones of Impact, Effect and 
Influence for each modelling scenario in relation to the BPPH Management Units. 

The modelling has predicted that no permanent indirect loss of BPPH as a result of increased TSS 
levels will occur outside the zones defined as the dredging footprint, spoil disposal ground and 
reclamation area.  Predicted permanent loss is based on a conservative estimate and is still within 
acceptable limits for cumulative loss of BPPH for the Project Area Management Units (see 
Table 6-2).  There is therefore no difference in the predicted permanent loss between the different 
start dates (i.e. January, Figure 6-22; September, Figure 6-23; and November Figure 6-24). 

However, there are some differences in predicted location of the potential effect and influence 
zones.  For example, a September start date results in a larger zone of potential effect at the spoil 
ground and the zone of potential influence extending up into the Coastal Management Unit.  
November and January start dates produce larger zones of potential effect in the Deep Water 
Channel and at Rous Head.  The deeper sections of the Deep Water Channel (i.e. towards the north 
of the dredge area) show the potential for greater effects from increased TSS levels than in the 
shallower areas.  This is likely to be largely due to seagrass at this depth being closer to their depth 
limit due to light availability and therefore small increases in TSS result in light attenuation in 
excess of threshold values. 
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 Figure 6-21  Conceptual Illustration of BPPH Zones of Potential Impact, Effect and Influence 

Seagrass Threshold 2 
30% of minimum light requirement for 
50% of daylight hours over five months 

Seagrass Threshold 1 
1% of the minimum light requirement for 
95% of daylight hours over five months 

Seagrass Threshold 3 
100% of minimum light requirement for 

50% of daylight hours over 5 months 
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 Table 6-4  Summary of BPPH Area of Effect and Influence Calculations 

Management Unit Habitat 
Total habitat area 

within management 
(ha) 

Zone of 
Potential 
Impact 
(ha) (%) 

Zone of Potential Effect 
(ha) 

Zone of Potential Influence 
(ha) 

   All scenarios January September November January September November 
Coastal Coral 0 0 0 0 0 0 0 0 

Macroalgae 573 0 0 0 0 0 0 0 
Seagrass 69 0 0 0 0 0 1.25 0 
Wrack 0 0 0 0 0 0 0 0 
Sand 5,475 0 0 0 0 0 36 0 
Other 275 0 0 0 0 0 0 0 

Total BPPH 642 0 0 0 0 0 1.25 0 
Deep Water Channel Coral 0 0 0 0 0 0 0 0 

Macroalgae 1,154 11 (0.97%) 17 12 10 1 14 2 
Seagrass 378 11 (2.8%) 20 24 10 0 8 0 
Wrack 0 0 0 0 0 0 0 0 
Sand 4,586 130 87 48 61 1 80 0 
Other  4,396 0 0 0 0 0 0 0 
Total BPPH  1,532 22 (1.5%) 37 36 21 1.2 21 1.5 

Gage Roads Coral 3 0 0 0 0 0 0 0 
Macroalgae 33 0 2 14 0 3 11 2 
Seagrass 1,014 25 29 38 29 18 37 13 
Wrack 144 0 0 0 0 0 0 0 
Sand 5,481 228  138 159 122 83 186 82 
Other 0 0 0 0 0 0 0 0 
Total BPPH 1,050 25 (2.5%) 31 52 29 21 48 15 

Note: BPPH Area includes coral, macroalgae and seagrass only. Other includes area undefined or too deep to classify in the habitat mapping. 
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Figure 6-23  Potential Benthic Primary Producer 
Habitat Loss – Dredging Commencing in January
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Figure 6-23  Potential Benthic Primary Producer 
Habitat Loss – Dredging Commencing in September
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Figure 6-24  Potential Benthic Primary Producer 
Habitat Loss – Dredging Commencing in November
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6.5.5 Management Strategies 

The Draft DSDMP includes measures to minimise disturbance to marine habitats and benthic 
primary producers from dredging, spoil disposal and land reclamation activities (see Appendix H).  
Management measures to mitigate direct and indirect impacts to BPPH are closely related, and 
cannot be addressed separately.  For this reason, it is more convenient to address these management 
measures under four broad categories: 

 Minimise the amount of area to be dredged or reclaimed; 

 Minimise the amount of material to be disposed of in the proposed spoil ground; 

 Select disposal and reclamation areas in locations of minimal BPPH; and 

 Minimise turbidity and sedimentation during dredging operations. 

 

6.5.5.1 Minimise Area to be Dredged or Reclaimed 

The proposed dredging program is designed to be as small as practicable (3.1 Mm3 of sediment 
removed over 26 weeks).  The environmental benefits are that the turbidity plume and increased 
sedimentation rates associated with the dredging program will be relatively short lived.  The focus 
of the dredging activity is in areas with a long history of dredging activities (i.e. Inner Harbour and 
Entrance Channel) and shipping activity.  Consequently, these areas do not support areas of 
significant BPPH or critical habitat for EPBC Act listed species.  Approximately 27 ha of seabed 
will be reclaimed at Rous Head. 

6.5.5.2 Minimise Amount of Material Disposed Offshore 

The majority of sediment to be dredged will be disposed of at Rous Head.  Therefore, the amount 
of material disposed of at the proposed spoil ground will be minimised and lower the risk of 
impacting BPPH in the vicinity of the spoil ground area.  The disposal of sediment into the 
proposed reclamation area at Rous Head will reduce the frequency of turbidity plumes in the 
offshore spoil ground.  Silt curtains will be used to minimise the effects of turbidity associated with 
discharge of water from the reclamation area. 

6.5.5.3 Selection of Disposal and Reclamation Areas 

The proposed spoil ground and reclamation area have been selected as described in Section 2.3.  
Based on constraints identified in the planning workshop (as described in Section 2.3.2), the 
proximity to likely dredge areas, estimated capacity, initial assessment of environmental value and 
potential impacts and discussions between the Fremantle Harbour Master and Fremantle Ports, the 
proposed spoil disposal ground located in an existing ship anchorage on the western margin of 
Gage Roads was selected.  The offshore spoil ground is situated in a natural depression within an 
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existing mooring area in Gage Roads and it is expected the location will minimise the potential for 
resuspension.  It is an area that has little significant coverage of BPPH, namely seagrass, and 
comprises only sparse patches of Halophila spp. down to a depth limit of 20 m. 

A high priority is given to reuse of dredge material, where possible and the proposed reclamation at 
Rous Head is consistent with the sustainable planning for Fremantle Port as outlined in the 
Fremantle Ports Inner Harbour Port Development Plan and the Rous Head Structure Plan.  The area 
to be reclaimed at Rous Head contains patchy areas of BPP (namely seagrass), but does not support 
dense seagrass meadows or critical habitat for EPBC Act listed species. 

6.5.5.4 Minimise Turbidity During Dredging, Disposal and Reclamation Operations 

Water quality management measures and if triggered, seagrass health monitoring will be carried 
out to ensure that impacts to BPP and BPPH are minimised as far as practicable possible and that 
contingency measures are implemented in the event that water quality is not maintained within 
acceptable levels.  

Potential impacts to marine benthic habitats from dredging will be managed in accordance with the 
Draft DSDMP (see Appendix H).  The plan outlines specific mitigation and monitoring measures 
to limit environmental effects that will be implemented prior to commencement of dredging 
activities and have been described in detail in Section 6.4.5.1. 

6.5.6 Outcome 

The primary outcome will be a small loss of BPPH (seagrass and macroalgal communities) from 
the BPPH Management Units for Gage Roads (E) and the Deep Water Channel (D).  These 
cumulative losses of BPPH for the Management Units will be less than the threshold guideline 
levels recommended in EPA Guidance Statement No. 29. 

It is predicted that corals at Hall Bank will not be negatively impacted by either light reduction 
caused by increased turbidity or sedimentation associated with the Project. 

6.6 Marine Fauna 

6.6.1 Overview 

The offshore coastal waters between Fremantle and Rottnest are utilised as a resting area by 
humpback whale (Megaptera novaeangliae) females with calves during the southern migration in 
mid-September through November.  Southern right whales (Eubalaena australis) are also 
occasionally seen in the Perth Metropolitan waters between mid May to the end of September 
although the area is not recognised as a breeding or resting area. 
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Advice from the DEWHA in regard to the issue of whales has been sought and advice has been 
given that deepening the Deep Water Channel and Entrance Channel is not likely to result in 
significant impacts upon migrating humpback whales.  The Environment Assessment Branch 
(EPBC Referrals Section) has given specific advice that timing restrictions for dredging works in 
the Deep Water Channel and Entrance Channel are not necessary. 

Where possible, dredging activities will be avoided in the outer section of the Deep Water Channel 
during the peak southern migration period for Humpback whales between September and 
November.  A Whale Management Plan will be implemented if dredging activities are to occur 
during this period. 

There is a resident population of bottlenose dolphins (Tursiops truncatus) that frequent the Inner 
Harbour all year round.  Of key potential concern is maintaining access to the river for these 
individuals.  However, the presence of a dredge vessel and dredging activities occurring are 
unlikely to cause any restriction to the dolphins’ use of, and passage through, the Inner Harbour. 

Fish and crustacean species migrate seasonally between the Swan River and the Indian Ocean.  
Consultation with the Department of Fisheries (DoF) identified the need for a desktop assessment 
of fish migration for the area in the vicinity of the Inner Harbour dredging works.  The seasonal 
migration patterns and other sensitive lifecycle periods for a number of target and minor fish and 
crustacean species are presented in Section 4.5.5.2. 

It is important to note that the harbour will remain open at all times during the dredging to allow 
water exchange between the ocean and the river so that migration patterns should not be impacted.  
Dredging activities will be avoided in winter months when the majority of fish species have been 
identified to migrate through the harbour. 

6.6.2 EPA Objective 

The EPA objective for marine fauna is to maintain the abundance, diversity, geographic 
distribution and productivity of marine fauna through the avoidance or management of adverse 
impacts that could occur due to dredging, dredge spoil disposal and land reclamation activities. 

6.6.3 Relevant Guidelines and Legislation 

Guidelines and legislation relevant to the management of impacts include: 

 Environmental Protection and Biodiversity Conservation Act, 1999; 

 EPA Guidance Statement No. 29 Benthic Primary Producer Habitat Protection for Western 
Australia’s Marine Environment (June 2004); 
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 Environmental Quality Criteria Reference Document for Cockburn Sound (2003–2004), (EPA 
Report No. 20; January 2005); and 

 EPA Guidance Statement No. 8: Environmental Noise (Draft) (2007) and Environmental 
Protection (Noise) Regulations 1997. 

 

6.6.4 Potential Impacts 

The proposed Inner Harbour Deepening Project has the potential to impact marine fauna of the 
mouth of the swan River and adjacent offshore environment through: 

 Noise from the proposed works disturbing marine mammals; 

 Marine mammal injury or mortality as a result of collision with the dredge vessels; 

 Impacting the migratory behaviour by fish and crustaceans transiting through the Inner 
Harbour and Entrance Channel; 

 Loss of fish and crustacean habitat in the Deep Water Channel and Rous Head; and 

 Potential toxicity caused by hydrocarbon spills (discussed in Section 6.9.4). 

 

6.6.4.1 Underwater Noise 

Marine mammals, such as whales and dolphins, are known to be sensitive to noises which are 
louder (greater intensity) and higher frequency (pitch) than threshold levels.  These thresholds are 
species specific and potential effects also depend on a number of factors including the type of 
noise, whether or not the noise source is stationary or moving, or if it is constant or sporadic.  Noise 
can impair an animal’s ability to detect natural sounds, alter behaviour and in the case of high 
frequencies, impact on hearing sensitivity. 

The intensity and frequency of noise generated by dredgers will not be significant, as seen in Table 
6-4. 

Toothed whales, including dolphins, produce a wide range of whistles, clicks, pulsed sounds and 
echolocation clicks.  The frequency range of toothed whale sounds excluding echolocation clicks 
are mostly <20 kHz with most of the energy typically around 10 kHz, although some calls may be 
as low as 100 to 900 Hz (Richardson et al. 1995).  The sounds produced (other than echolocation 
clicks) are very complex in many species and appear to be used for communication between 
members of a pod in socialising and coordinating feeding activities.  Echolocation clicks are of a 
much higher frequency as shown in Table 6-5.  The table also shows that bottlenose dolphins use 
frequencies considerably higher than those used by common dolphins.  The frequency and source 
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intensity range provides an indication of each species’ auditory capabilities, as well as indicating 
what noise types and levels have the potential to disrupt communication and echolocation. 

 Table 6-5  Frequency and Source Range for Toothed Whale Species 

Marine Mammal 

Vocalisation Echolocation 

Call frequency
(kHz) 

Dominant frequency
(kHz) 

Source level 
(dB re 1µPa-m) 

Frequency 
(kHz) 

Source level 
(dB re 1µPa-m)

Bottlenose dolphin 0.8–24 3.5–14.5 125–173 110–130 218–228 
Common dolphin  2–18  23–67  
Humpback whale 25–8,200 25–4,000 144–192   
Source:  Richardson et al. (1995) 

Humpbacks and southern right whales are baleen whales.  Baleen whales produce a rich and 
complex range of underwater sounds ranging from about 12 Hz to 8 kHz but with the most 
common frequencies below 1 kHz (McCauley 1994).  This combined with studies of their hearing 
apparatus, suggests that their hearing is also best adapted for low frequency sound (McCauley 
1994; Richardson et al., 1995).  Physical damage to the auditory system of cetaceans may occur at 
noise levels of about 230 to 240 dB re 1 µPa-m and avoidance begins to occur at around 110–130 
dB re 1 µPa-m (McCauley 1994). 

Noise from a cutter-suction dredge is described in GHD (2007) as being stationary and of a low to 
moderate frequency with some tonal noise and having an acoustic intensity of around 180 dB re 1 
µPa-m and a frequency of 100 Hz.  This is compared to other anthropogenic sources of noise in the 
marine environment in Table 6-6.  The data show that dredging activities are within the intensity 
and frequency range of ship noise. 

 Table 6-6  Intensity and Frequency of Anthropogenic Marine Noise Sources 

Source Acoustic intensity (dB re 1μPa-m) Frequency range (Hz) 

Ships 177 5–100 
Cutter-suction dredge(working) ~180 100 

Source:  GHD (2007) 

The acoustic intensity suggests that there may be some avoidance of the vicinity of the dredge by 
marine mammals, but no damage associated with high intensities or frequencies. In the case of the 
river dolphins, the fact that they are accustomed to the noise of ships suggests that the impacts are 
unlikely to be significant (see Figure 6-25).  In the case of the offshore dredging and potential 
impact on whales, it is likely that any whales migrating through the region during dredging will 
avoid coming into close proximity to the dredge vessel.  Further, the approaches to Fremantle are 
heavily used by existing shipping traffic and therefore local ship associated noise emissions are 
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already common, and it is unlikely that the presence of the dredge will significantly add to the 
existing levels. 

  
 Figure 6-25  Photographs of Dolphins from the Inner Harbour 

(Reproduced courtesy of Fremantle Ports’ website). 

 

6.6.4.2 Vessel collision with Marine Mammals 

Whales and dolphins may be vulnerable to injuries or death from collisions with vessels due to 
increased vessel movement associated with the dredging program. 

Various outcomes, including mortality, have been described from the result of ships and whales 
colliding (Laist et al. 2001).  Of 11 species known to be hit by ships, fin whales (Balaenoptera 
physalus) are struck most frequently, whereas right whales (Eubalaena glacialis and E. australis), 
humpback whales (Megaptera novaeangliae), sperm whales (Physeter catodon), and gray whales 
(Eschrichtius robustus) are hit less frequently.  In some areas, one-third of all fin whale and right 
whale strandings appear to involve ship strikes.  The most lethal or severe injuries are caused by 
ships 80 m or longer travelling at speed.  Whales usually are not seen beforehand or are seen too 
late to be avoided and most lethal or severe injuries involve ships travelling 14 knots (or 26 km/h) 
or faster (Laist et al. 2001). 

Given the slow speed of the operating dredges (typically 2 to 3 knots) and short time scale over 
which dredging is expected to take place in the offshore Fremantle area, the risk of a collision 
between the dredge and large whales is extremely low.  Where possible, dredging activities will be 
avoided in the outer section of the Deep Water Channel during the peak southern migration period 
for Humpback whales between September and November.  Dolphins are regularly seen in close 
proximity to vessels in the Fremantle Inner Harbour and it is considered extremely unlikely that 
there will be any risk posed from the slow moving dredge. 

The implementation of a Whale Management plan will further reduce the risks if operations occur 
during the peak southern migration period. 
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6.6.4.3 Turbidity Plumes 

The increase in turbidity as a result of increased suspended sediments may have both direct and 
indirect impacts on fish.  The range in tolerance to high turbidity varies between species and 
depends upon the conditions in their natural habitat.  Benthic fish have a higher tolerance to 
suspended solids than fish which reside in the water column, or species which are filter filters.  
Estuarine species are more tolerant of suspended solids than oceanic species.  There are also 
differences in tolerance for different life stages within a species, as larvae and eggs are more 
vulnerable to physical damage from suspended solids than adults and juvenile fish due to their soft 
bodies. 

The increase in inorganic suspended sediments can also lead to physical damage and gill irritation.  
The extent of the damage depends upon the size and shape of suspended sediment and duration of 
exposure (Nightingale and Simenstad 2001).  Indirect impacts occur as a result of changes in water 
quality, including a decrease in dissolved oxygen.  Decreased light also causes indirect impacts, as 
foraging efficiency decreases due to impaired visual cues.  This may lead to reduced growth and 
survival rates.  There is also interference with social behaviour with increased turbidity as visual 
cues are impaired.  Turbidity plumes may also affect the migratory behaviour of fish and 
crustaceans.  However, increased turbidity can be advantageous for prey species as the reduced 
light can provide these species with greater protection from predators. 

The levels of predicted TSS elevations associated with the Inner Harbour Deepening Project are 
presented in Section 4.4.4.3, with maximum modelled values in the order of 30 mg/L for short 
periods.  It is difficult to make direct comparisons with the literature as the effect on fish depends 
upon the factors outlined above.  Although the dredging program extends for 26 weeks, dredging 
operations will move between several sites and hence the effects of turbidity on fish within a 
specific area will be short term.  As indicated in Section 6.4.4.1 and Figure 6-6, turbidity 
generation in the Inner Harbour is likely to be minimal over the majority of the dredging period as 
the main source of suspended sediments will be concentrated at the cutter head. 

For the majority of fish species, spawning occurs over an extended period of several months.  The 
timing of fish movements between the Swan River Estuary and the Indian Ocean also varies with 
species and therefore dredging operations are unlikely to have a significant effect on spawning or 
fish movements through the Inner harbour. 

Although there will be a small loss of BPPH, the cumulative losses of BPPH will be less than the 
threshold guidelines recommended in EPA Guidance Statement No. 29 (see Section 6.5.6). 
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6.6.5 Management Strategies 

The Draft DSDMP includes measures to minimise disturbance to marine fauna during dredging, 
spoil disposal and land reclamation activities, including: 

 Implementation of a Whale Management Plan if dredging in the Outer channel area occurs 
between September and November; 

 Access to the Swan River will be maintained at all times; 

 Minimise impacts of elevated TSS concentrations on benthic habitat and therefore indirect 
impact on marine fauna; and 

 Prevention and management of hydrocarbon spills (see Section 6.9.5). 

 

6.6.5.1 Vessel collision with Marine Mammals 

Where possible, dredging activities will be avoided in the outer section of the Deep Water Channel 
during the peak southern migration period for Humpback whales between September and 
November.  Notwithstanding this, a Whale Management Plan will be implemented during dredging 
activities during this period.  This will include procedures for marine mammal observation before 
the start up of the dredge and before spoil disposal offshore and actions to be taken in the event that 
a marine mammal is within a specified distance.  These procedures are detailed in the DSDMP. 

Depending upon the exact timing of the commencement of dredging, it may be necessary to 
appoint a marine fauna observer (MFO) on the dredge in order to minimise the risk of a collision 
between the dredge and large marine fauna (whales).  It is anticipated that the MFO would only be 
required on the dredge vessel when dredging and disposal operations in the Deep Water Channel 
coincide with humpback whale southern migration peak activity. 

As specified within the Draft DSDMP, should dredging occur during peak migration of whales, 
prior to each start up of any dredge, a general observation of the water around the dredge will be 
made.  If any whale is sighted within 300 m of the dredge, dredging will not commence until the 
whale has moved beyond 300 m of the dredge or has not been sighted for 10 minutes.  Prior to 
disposal at the offshore spoil ground a general observation for whales within 300 m of the disposed 
location will be made for a period of approximately 10 minutes.  If a whale is sighted within 300 m 
of this location then disposal will not commence until 20 minutes after the last animal has moved 
outside of the 300 m zone.  Any incident involving the injury or mortality of marine mammals will 
be reported to the DEC within 24 hours. 
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6.6.5.2 Turbidity Plumes 

The key mitigation measure for minimising the potential impact on fish and crustaceans will be to 
minimise turbidity in the Inner Harbour.  This will be achieved by pumping dredged material to the 
land reclamation area, where high retention times will maximise settling and minimise discharge of 
suspended sediments causing turbidity.  Management strategies to minimise turbidity are discussed 
in detail in Section 6.4.5. 

6.6.6 Outcome 

It is predicted that there will be no population level effects to humpback and southern right whales 
as a result of the Inner Harbour Deepening Project, with potential effects limited to avoidance 
behaviour if the project timing overlaps with the southern migrations.  Noise associated with the 
active dredge in the Inner Harbour and the turbidity plume associated with the seabed disturbance 
might deter some marine fauna from moving up the estuary, but such impacts will be only 
temporary and limited to the duration of the dredging programme. 

The harbour will remain open at all times during the dredging to allow water exchange between the 
ocean and the river so that migration patterns should not be impacted and dredging activities will 
be avoided in winter months when the majority of fish species have been identified to migrate 
through the harbour.  The objective to ‘maintain the abundance, diversity, geographic distribution 
and productivity of marine fauna through the avoidance or management of potential impacts arising 
from the project’ will therefore be met. 

6.7 Introduced Marine Pests 

6.7.1 Overview 

As outlined in Section 4.5.2.5, Fremantle Ports has undertaken baseline introduced marine pests 
studies.  In 1999, the European fan worm, Sabella spallanzanii, and the Asian date mussel, 
Musculista senhousia were identified as being established in the Inner Harbour.  Several other 
introduced cryptogenic species were recorded, which are recognised as having been translocated to 
Australia but do not pose significant economic or environmental threats (CRIMP 2000).  In 2007, 
the European fan worm was found to be less widespread as previously reported and no specimens 
of the Asian date mussel were found. 

The successful establishment of an introduced species depends primarily on two factors: the 
frequency of immigrant arrivals (introduction); and their post-arrival mortality (survival).  Species 
are introduced primarily by one of three vectors: within vessel ballast water; fouling, that is, 
attached to hulls and other vessel structures, (for example, water intakes or sea chests and propeller 
shafts), and contained within residual sediment on dredges and flotsam in the well around the cutter 
boom and head of cutter section dredges or ballast tanks. 
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6.7.2 EPA Objective 

The EPA’s objective for introduced marine pests is to maintain ecological function, species 
diversity and geographic distribution of marine biota by preventing the introduction of marine pests 
into Western Australian territorial waters. 

6.7.3 Relevant Guidelines and Legislation 

Guidelines and legislation relevant to the management of introduced marine pests include: 

 Quarantine Act 2000; 

 Australian Quarantine and Inspection Service (AQIS) Guidelines for Ballast Water 
Management (July 2001); and 

 Australian and New Zealand Environment and Conservation Council (ANZECC) Code of 
Practice for Anti-fouling and In-Water Hull Cleaning and Maintenance (2000). 

 

6.7.4 Potential Impacts 

In the Australian marine environment some species of crabs, mussels, seastars and seaweeds have 
been introduced from foreign waters and have the potential to become marine pests.  The exact 
number of marine species that have been introduced to Australia is unknown.  Of the introduced 
marine species the Australian Ballast Water Management Advisory Council lists nine as target 
introduced pest species and four as marine pests that pose a significant threat to Australia (CRIMP 
2000).  Fremantle (including Cockburn Sound and the lower Swan River) has 46 introduced 
species (Huisman et al. 2008). 

There is no published data for Western Australia documenting any adverse impacts from exotic 
species on native species (Hass and Jones 1999).  However, impacts have been documented for 
other Australian ports (for example, Port Phillip Bay, Victoria). 

Introduced marine pests can potentially have serious environmental impacts, including displacing 
native species through competition for food and space, predation, possible hybridisation between 
native and introduced species (Hass and Jones 1999).  Alternatively, they can locate a vacant niche 
or habitat and have no negative impacts on the environment. 

Potential impacts that may be associated with the two exotic species that have been recorded in 
Fremantle Port waters are as follows: 

 Sabella spallanzanii causes major fouling on anthropogenic structures and may prevent the 
settlement of other organisms.  When present in high densities, S. spallanzanii may adversely 
affect shellfish culture operations which rely on the settlement of wild spat either by reducing 
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the available surface for settlement or by reducing the availability of planktonic food in the 
water column (CRIMP 2000); and 

 The small infaunal mussel, Musculista senhousia, an opportunistic bivalve, can colonise 
anthropogenic structures as well as forming thick mats of byssus that anchor into the soft 
sediment habitats, out-competing resident biotic communities (Crooks 1998). 

 

6.7.5 Management Strategies 

Eradication of introduced marine pests is extremely difficult.  Prevention, early detection and 
monitoring are vital tools in eliminating and controlling the further spread of marine pests in 
Australian waters. 

Mitigation and management measures will be employed in order to: 

 Minimise the spread of existing introduced marine pests; and 

 Minimise the risk of introduction of new marine pest species. 

 

A number of management guidelines are already in existence in Fremantle Port for the 
management of international vessels arriving at the Port.  Vessels are required to manage their 
ballast water in accordance with the AQIS mandatory ballast water requirements.  Ships must 
submit a Quarantine Pre-Arrival Report (QPAR) to AQIS 12 to 48 hours prior to arrival.  Ships 
must also complete the ballast water uptake/discharge log and treatment/exchange log and retain 
these on board. 

The Draft DSDMP will include measures to prevent the introduction of marine pests during to 
dredging and dredge spoil disposal activities.  These measures will include: 

 Application of the Quarantine Act 2000 (Commonwealth) and the AQIS ballast water 
management requirements for international shipping described above to self-propelled dredge 
vessels; 

 Strategies and best practice measures to manage and avoid the introduction of marine pests, 
where practicable; 

 Measures to be implemented dependent on the history of the dredging vessel (i.e. last port of 
call and time since last cleaning).  Vessel inspections before the vessel’s departure for 
Fremantle and/or on arrival and/or before departure for its next port of call may be required.  A 
risk assessment will be conducted in conjunction with the DoF of the chosen dredge vessels to 
determine whether pre/post-arrival inspections are required; 
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 All dredging equipment will be inspected prior to use in the project area to ensure it is free 
from marine pests in accordance with the National System for the Prevention and Management 
of Marine Pest Incursions; and 

 Relocation of Inner Harbour surface sediments to the reclamation area rather than offshore 
disposal will minimise the risk of spread of the known pest species recorded at Fremantle Port. 

 

6.7.6 Outcome 

The EPA objective of maintaining ecological function, species diversity and geographic 
distribution of marine biota by preventing the introduction of marine pests into WA territorial 
waters will be met by the Inner Harbour Deepening Project through prevention, early detection and 
monitoring in order to eliminate and control the further spread of marine pests. 

6.8 Coastal Processes 

6.8.1 Overview 

The coastline around Rous Head and Port Beach has been highly modified since first European 
settlement.  Port Beach, adjacent to Rous Head, is a popular recreational area for beach users.  The 
beach is subject to erosion and accretion on a seasonal basis with northwest sediment transport 
away from the beach during summer and sediment return during winter storms. 

Analysis of the coastal processes in terms of the reclamation at Rous Head and its relationship to 
the coast, including the neighbouring beaches concluded that the proposed Rous Head extension 
would not change Port Beach significantly, though there may be some slight accretion of the 
shoreline along Port Beach due to the long-shore transport regime. 

Impacts may occur due the expansion of Rous Head which may alter coastal processes causing 
minor accretion to the beach as described in Section 6.8.4. 

6.8.2 EPA Objective 

The EPA’s objective for coastal processes is to maintain the integrity and stability of the coast and 
seabed. 

6.8.3 Relevant Guidelines and Legislation 

Guidelines and legislation relevant to the management of marine pests include: 

 Environmental Quality Criteria Reference Document for Cockburn Sound (2003 – 2004), 
(EPA Report No. 20; January 2005); and 

 EPA Guidance 33: Draft Environmental Guidance for Planning and Development. 
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6.8.4 Potential Impacts 

The proposed Inner Harbour Deepening Project has the potential to increase coastal erosion or 
deposition at Port Beach.  The reclamation area is located immediately to the south of Port Beach 
which has many recreational values.  Seasonal sand movement along the beach may be affected by 
the altered shoreline and associated hydrodynamics. 

Analysis of the coastal processes in terms of the reclamation at Rous Head and its relationship to 
the coast, including the neighbouring beaches, has been examined by the Port Beach Coastal 
Process Study.  The Department for Planning and Infrastructure’s (DPI) key requirement in this 
study at Port Beach is to provide a balance between the recreational and port uses of the beach to 
meet the needs of all users.  Beach coastal erosion monitoring was initially undertaken between 
February 1989 and April 1995.  The results of these surveys indicated little change to seabed 
profiles at Leighton and Port Beaches had occurred in the five years post-construction of Stages 1 
and 2 at Rous Head (HGM 1997).  Notwithstanding this, monitoring has continued by Fremantle 
Ports in conjunction with DPI since 1995. 

More recently, shoreline modelling conducted by M P Rogers & Associates Pty Ltd (2006) 
investigated the wave and sediment dynamics at Port Beach through three proposed options for the 
management of the beach.  Detailed wave and shoreline modelling was used to determine the likely 
impacts on the shoreline position for each of the proposed management options.  The ‘Do Nothing’ 
option predicted that the beach would not change significantly, with the possibility of around 15 m 
of erosion at the southern end due to long-shore transport of sand under severe weather conditions 
(M P Rogers & Associates 2006). 

Figure 6-26 illustrates the likely shoreline position modelled under typical conditions with the 
proposed extension to Rous Head.  The modelling showed that Port Beach would exhibit a similar 
response to that of the ‘Do Nothing’ option, but may result in a slight accretion at the southern end 
of the shoreline at Port Beach.  This suggests that the proposed land reclamation at Rous Head will 
not have a significant short or long-term effect on beach profiles at Port Beach or impact on future 
management proposals for the beach. 
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 Figure 6-26  Modelling of impacts on Port Beach from the Rous Head extension under 
typical conditions (November) 

 

6.8.5 Management Strategies 

The Port has investigated the possibility of using dredged material from the Inner Harbour for 
beach renourishment at Port Beach; however, the material is not suitable due to the high limestone 
content. 

Recommendations have been made within the modelling study (see Supporting Technical 
Documents) and include validation of a number of assumptions made within the modelling, such as 
the magnitude of the onshore feed of sediment and the boundary conditions to the model.  The 
accuracy of the model output depends on the quality of the data used in calibrating the model.  
Therefore, to improve the predictions of the model and improve management of this section of 
coastline, Fremantle Ports have committed to continuing monitoring of this area. 

Fremantle Ports, in conjunction with the DPI, will continue to undertake biannual (March and 
October) hydrographic surveys of Leighton and Port Beach in order to monitor sediment movement 
and shoreline stability of both beaches. 
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6.8.6 Outcome 

Shoreline modelling studies have recently confirmed that the Rous Head extension will not 
significantly impact on the choice of future shoreline management options for Port Beach and the 
Port will continue to collect monitoring data for this area, and therefore the EPA objective can be 
met. 

6.9 Hydrocarbon Management 

6.9.1 Overview 

Hydrocarbons have the potential to impact on the surrounding environment, including marine water 
and sediment quality, marine habitats and marine fauna, as a result of leaks, spills and incorrect 
storage and disposal of these materials.  Hydrocarbons and chemicals are used and handled 
everyday during dredging operations.  The accidental release of these substances presents a 
potential risk to the environment.  Appropriate management of dredging activities for the project, 
including dredging vessel operations, construction of the sea wall at Rous Head, and management 
of the land reclamation activities, will reduce the risk of hydrocarbon and chemicals impacting on 
the marine environment. 

6.9.2 EPA Objective 

The EPA objective for hydrocarbon and other chemical spills is to ensure these are handled and 
stored in an appropriate manner that minimises the potential for impact on the environment through 
leaks and spills. 

6.9.3 Relevant Guidelines and Legislation 

Guidelines and legislation relevant to the management of hydrocarbon and chemical spills include: 

 Australian Standard AS 1940-1993: The Storage and Handling of Flammable and Combustible 
Liquids 1993; 

 Australian Standard AS 3780-1994: The Storage and Handling of Corrosive Substances 1994; 

 Environmental Protection (Controlled Waste) Regulations 2004; 

 Environmental Protection (Unauthorised Discharges) Regulations 2004; and 

 The prevention of oil pollution from ships in Australia is based on Annex 1 of the MARPOL 
73/78 Convention to which Australia is a signatory. 
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6.9.4 Potential Impacts 

Large quantities of diesel fuel, oil, grease and some chemicals will be handled during dredging 
operations, which creates a potential risk to the environment. These spills may lead to the 
contamination of marine water within the vicinity of the spill.  

The main potential sources of release of hydrocarbons and other chemicals into the marine 
environment are: 

 Diesel or HFO spills during refuelling (bunkering); 

 Hydraulic oil spills due to equipment failure (for example, burst hydraulic hose); 

 Incorrect storage and handling of hydrocarbons and chemical; 

 Release of oily bilge waters; and 

 Contaminated deck wash. 

 

The potential impacts to marine fauna as a result of a hydrocarbon spill include: 

 Physical effects – i.e. smothering/coating that may lead to mortality; and 

 Chemical and biological effects – including toxicity and bioavailability that may affect 
feeding, reproduction and growth. 

 

Physical effects can include a coating on wildlife that can restrict vital life functions including the 
ability to feed and to maintain insulation, respiration and movement/migration.  Water soluble 
aromatic hydrocarbons and lower molecular PAHs can cause chemical and biological effects.  Sub-
lethal effects can limit the capacity of organisms to feed, grow and reproduce while chronic 
exposure at varying concentrations can lead to mortality.  

6.9.5 Management Strategies 

Management of hydrocarbon spills due to the project’s activities will be through Fremantle Ports’ 
existing EMS and via management measures specified in the project DSDMP and CEMP. 

Fremantle Ports’ objective is zero discharge of hydrocarbon and other chemicals into Port waters.  
The following systems are in place to prevent the discharge into Port waters: 

 Port Authorities Regulations prohibiting the discharge of hydrocarbons into port waters; 

 General Information for Ship’s Masters communicating the regulations to the relevant persons; 

 Safety and environment inductions; 
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 Hazardous substances policy and guidelines to ensure chemicals and other toxic materials are 
properly disposed of; and 

 Wharf wash down procedures. 

 

The risk of hydrocarbon spills will be minimised by ensuring that contract documentation contains 
provision of appropriate procedures for the management of hydrocarbons including 
refuelling/bunkering and oils/lubricants with appropriate emergency response and reporting 
requirements.  All chemicals and detergents will be stored below deck in appropriate holds.  Oil 
and grease drums will be stored below deck in appropriate holds.  Hydrocarbons stored above deck 
will be stored within bunded areas capable of containing 110% of the liquid volume in order to 
contain any leaks or spills. 

Bunkers for heavy oil and diesel refuelling are also carefully controlled throughout the Port.  There 
is also a bunker barge, which can be used at jetties not serviced by pipeline and also by ships 
anchored at Gage Roads.  No bunkering or oil transfer between ship and shore or ship to ship is 
permitted unless permission is obtained prior to commencement. 

Fremantle Ports also requires all ships to follow accepted practices to ensure that shipping activities 
are conducted in an environmentally sound manner.  Wharf wash down procedures specific to the 
type and grade of cargo have been developed, and are registered in Fremantle Ports’ Procedure 
Control System.  Further, oil spillages may lead to the instigation of legal proceedings against the 
Master and Owner of an offending ship under the provisions of the Pollution of Waters by oil and 
Noxious Substances Act 1987. 

The discharge of bilge waters will be undertaken in accordance with MARPOL 73/78 Annex I 
requirements.  No bilge waters with an oil content more than 15 parts per million will be 
discharged.  Any discharge of bilge waters will be done whilst en route with oil discharge 
monitoring, filtering and control systems operating.  Drainage water that is potentially 
contaminated with hydrocarbons will be contained and directed in to bilge waters tanks where 
practicable. 

Fremantle Ports’ Emergency Response Plan incorporates an Oil Spill Response Plan that will be 
used in the event of any spillages.  Oily wastes generated at sited will be collected and disposed of 
in accordance with the Environmental Protection (Controlled Waste) Regulation 2004.  An 
approved contractor will be used for the removal of waste oil for recycling. 

Fremantle Ports has established procedures to respond to the incidence of oil pollution and has all 
necessary equipment available to contain oil spills.  Checklists of the AMSA and Fremantle Ports’ 
oil pollution equipment are maintained by the Port and the ongoing maintenance and testing of 
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emergency equipment is the responsibility of the Marine & Equipment Maintenance Manager and 
Port Services Team Leader. 

6.9.6 Outcome 

The proposed dredging, spoil disposal and reclamation activities will not result in significant 
changes to the amount of hydrocarbon and other chemicals generated at Fremantle Port.  Through 
implementation of management measures detailed within Fremantle Ports existing EMS and within 
the project specific DSDMP and CEMP, it is not expected there will be a significant detrimental 
effect in addition to, or different from, the effect of current operations.  The EPA objective will 
therefore be met. 
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7. Terrestrial and Social Environmental Impacts 
and Management 

7.1. Introduction 

This section describes the potential impacts to the key terrestrial and social environmental factors 
(described in Section 4) resulting from the Inner Harbour Deepening project activities.  It assesses 
the likely consequences of the impacts to the terrestrial and social environments and lists 
management measures to prevent or mitigate them. 

Implementation of the Inner Harbour Deepening Project may result in impacts to the following 
terrestrial and social factors: 

 Acid Sulphate Soils; 

 Noise, dust and traffic impacts (at Rous Head); 

 Aesthetics; 

 Indigenous heritage; 

 Public access and recreation; and 

 Interference with shipping and other port users. 

 

Aesthetics, indigenous heritage, and interference with shipping and other port users were identified 
as being managed through Fremantle Ports’ existing EMS, and therefore are not considered within 
this section. 

7.2. Acid Sulphate Soils 

7.2.1. Overview 

The Swan River and estuary sediments are identified on the Acid Sulphate Soils (ASS) risk map 
produced by the Land and Water Quality Branch of the DEC as having potential ASS (PASS). 

During investigations of sediment chemistry of the Inner Harbour, PASS was identified in surface 
sediments sampled from 0 to 0.5 m during an investigation of marine sediments in May 2007. 

7.2.2. EPA Objective  

The EPA objective is to minimise exposure of PASS material and therefore generation of ASS 
during dredging, disposal and land reclamation operations. 
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7.2.3. Relevant Guidelines and Legislation 

Guidelines and legislation relevant to the management of impacts of ASS include: 

 National Strategy for the Management of Coastal Acid Sulphate Soils (ANZECC/ARMCANZ 
2000); and 

 General Guidelines on Managing Acid Sulphate Soils (DoE 2003). 

 

7.2.4. Potential Impacts 

The proposed Inner Harbour Deepening Project has the potential to lead to the oxidation of PASS 
material which could cause acidification of soil, groundwater and surface water (including run-off 
into the marine environment), resulting in the release of sulphuric acid, iron and other heavy metals 
into the receiving environment.  This may result in the following adverse impacts: 

 Increase in heavy metal concentrations; 

 Loss of marine fauna; and 

 Loss of visual amenity. 

 

The level of impact is dependent on the quantity of acid generated as well as the concentration, 
expressed as total and retained acidity.  The nature of the environment in the Fremantle Port Inner 
Harbour is such that the acid neutralising capacity of the sediment samples ranged from 3.7% to 
13.7 % sulphur (see Appendix B) and will therefore have an assimilative capacity for generated 
acidity.  Further, the calcarenite rock underlying the unconsolidated PASS sediments will also 
provide a level of neutralisation of excess acidity.  This is due to the calcareous nature of the 
sediment matrix and calcarenite rock, which inherently has a high acid neutralising capacity, 
dependent upon particle size.  The smaller the particle size, then the more effective the 
neutralisation capacity.  It is also expected that seawater will provide some neutralising capacity. 

7.2.5. Management Strategies 

An ASS Management Plan will be developed within the DSDMP (see Appendix H) to manage 
both the relocation of dredged material to the reclamation area at Rous Head and the transport of 
dredged material to the offshore spoil ground. 

Material dredged and pumped to the reclamation area at Rous Head will be placed behind a rock 
armoured bund wall lined with geotextile fabric.  Management actions for the land reclamation 
operations will include: 
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 Minimising generation of ASS due to dredging, pumping of dredged material and relocation of 
surface sediments below tide level in the reclamation area; 

 Ensuring that identified dredged PASS materials remain saturated at all times during dredging 
and pumping below tide level at Rous Head; 

 Ensuring identified PASS material is disposed below tide level in the reclamation area at Rous 
Head; and 

 Burying PASS material with dredged calcium carbonate material. 

 

All material will be transported in a TSHD.  The nature of this operation is such that all dredged 
material shall remain wet at all times.  This material will therefore be kept under anaerobic 
conditions until disposal and there will be no stockpiling of material.  It is expected that the 
maximum time between dredging and disposal will be less than one hour, which is well within the 
DEC guideline maximum of no more than 70 hours for temporary stockpiling of material. 

7.2.6. Outcome 

The management measures identified above will ensure that the risk of potential impacts occurring 
(either direct to the marine environment or indirect impact on the nearby commercial fisheries) as a 
result of the dredging and management of PASS material is minor and that the EPA objective is 
met. 

7.3. Noise, Traffic and Dust 

7.3.1. Overview 

Noise, traffic and dust impacts may arise associated with the proposed land reclamation at Rous 
Head through construction of the sea wall, which is anticipated to take place over 20 weeks, and 
also following that from land reclamation activities utilising material dredged from the Inner 
Harbour. 

Potential impacts to marine fauna from underwater noise sources are discussed in Section 6.6.4. 

7.3.2. EPA Objective 

The EPA’s objective for noise, traffic and dust associated with the proposed land reclamation at 
Rous Head will be to ensure that these activities do not adversely affect environment values or the 
health, welfare and amenity of people by meeting statutory requirements and acceptable standards. 
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7.3.3. Relevant Guidelines and Legislation 

Guidelines and legislation relevant to the management of impacts associated with noise, traffic and 
dust include: 

 Environmental Protection (Noise) Regulations 1997; 

 EPA Guidance Statement No. 8: Environmental Noise (Draft) (2007); 

 EPA Guidance Statement No. 18: Prevention of Air Quality Impacts from Land Development 
Sites 2000; 

 National Environment Protection Measure (NEPM) for Ambient Air Quality 1998; and 

 Occupational Safety Regulations 1996. 

 
7.3.4. Potential Impacts 

The Inner Harbour Deepening Project is unlikely to significantly add to existing noise activities 
within the Port area which already has a significant level of shipping activity both during the day 
and night.  For example, Fremantle Ports’ noise and vibration modelling for the new rail loop 
operation did not identify any noise/vibration issues of concern.  The area is not a residential 
environment and so it is unlikely that any impacts to local residents would occur.  Potential impacts 
from vessel noise associated with this proposed project are considered to be negligible. 

Due to the small numbers of construction workforce personnel required to build the sea wall, 
expected to peak at approximately 15 persons, construction workforce traffic is not anticipated to 
adversely impact on local traffic flows.  Haulage of rock material required to construct the seawall 
will occur during daylight hours only, from 7:00am to 5:00pm using existing industrial traffic 
routes servicing the harbour.  A traffic management plan will be developed to manage construction 
traffic in the Rous Head area. 

It is not expected that the proposed dredging program will involve significant volumes of 
atmospheric emissions and as such, it is not expected that the air quality in the Fremantle Ports area 
will be affected.  The nearest residential area is North Fremantle, west of Stirling Highway.  Dust 
may be generated by seawall construction, however these impacts are expected to be mainly 
offshore and temporary, within the construction period of 20 weeks. 

7.3.5. Management Strategies 

Potential impacts associated with increased noise, traffic and dust associated with the proposed 
land reclamation at Rous Head and associated seawall construction will be managed through 
Fremantle Ports’ existing EMS and via controls established in the project CEMP. 
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7.3.6. Outcome 

The project is not expected to significantly increase noise, traffic and dust levels as a result of the 
land reclamation and seawall construction at Rous Head and so the EPA objective will be met. 

7.4. Aesthetics 

7.4.1. Overview 

The landscape in the vicinity of Fremantle Port is largely characterised by port infrastructure and 
operations and therefore potential impacts to visual amenity values as a result of the project are 
considered to be minor. 

7.4.2. EPA Objective 

The EPA objective is to minimise impacts on the visual amenity of the area adjacent to the 
Fremantle Port to as low as reasonably practical. 

7.4.3. Relevant Guidelines and Legislation 

Guidelines and legislation relevant to the management of impacts include: 

 Australian Standard AS 4282-1997: Control of the Obtrusive Effects of Outdoor Lighting; 

 Visual Landscape Planning in Western Australia: a Manual for Evaluation, Assessment, Siting 
and Design (WAPC 2007); and 

 Environmental Quality Criteria Reference Document for Cockburn Sound (2003 – 2004), 
(EPA Report No. 20; January 2005). 

 

7.4.4. Potential Impacts 

Dredging activities are not expected to have a detrimental effect on the aesthetics of the Fremantle 
Ports area, given that the area is a working port with an existing aesthetic value typical of an 
industrial port.  Most land-based operational areas of the Inner Harbour port facilities are not 
available for public access for security reasons.  Public access areas to these areas will remain 
unchanged. 

A visible plume may be seen offshore of Rous Head and to a lesser extent offshore of Leighton and 
Port Beaches.  The plume is not predicted to be significant further along the coastline and it is 
expected that there will be temporary and minor impacts to aesthetics during dredging of the Inner 
Harbour/Entrance Channel and during land reclamation operations. 
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7.4.5. Management Strategies 

Development and implementation of a DSDMP to manage turbidity and total suspended solids 
levels through: 

 Implementation of best practice dredging methods that reduce the extent of visible plume 
generation (see Section 6.4.5); 

 The reclamation area will be designed to settle fine sediments. A silt curtain will also be 
installed to minimise discharge turbidity levels; and 

 The proposed offshore spoil ground is located sufficiently distant from any area of high 
aesthetic value. 

 

7.4.6. Outcome 

There will be only minor impacts on aesthetic values in the nearshore marine environment, through 
the appearance of a visible plume, which will be transient in nature and will not pose a detrimental 
effect on the visual amenity of the Fremantle Ports area.  The EPA objective for this environmental 
factor will therefore be met. 

7.5. Indigenous Heritage 

7.5.1. Overview 

As outlined in Section 4.6.3, the Indian Ocean and Swan River are known sites of Indigenous 
mythological significance.  In recognition of this, Fremantle Ports has been proactive in carrying 
out extensive consultation with Aboriginal elders and their community representatives.  The work 
confirmed the relevance of waters of the Inner Harbour, as part of the Swan River, to Aboriginal 
communities. 

In accordance with the Aboriginal Heritage Act 1972, consultation with Indigenous groups was 
undertaken in late 2004 in regard to the proposed Inner Harbour Deepening Project.  This process 
resulted in approval from the Minister for Indigenous Affairs.  As this consent was based on an 
earlier and lesser final dredging depth further consultation occurred with Indigenous groups in May 
2007.  Their comments together with a description of the amended project scope were then referred 
to the DIA for assessment.  The proposal went before the Aboriginal Cultural Materials Committee 
in August 2007, and was referred to the Minister for Indigenous Affairs for final determination late 
2007.  Consent under Section 18 of the Aboriginal Heritage Act 1972 has now been obtained for 
the project. 
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7.5.2. EPA Objective 

The EPA objective for Indigenous heritage is to ensure that changes to the biophysical environment 
do not adversely affect historical and cultural associations and that proposed discharges comply 
with relevant legislation. 

7.5.3. Relevant Guidelines and Legislation 

Guidelines and legislation relevant to the management of impacts to Indigenous heritage values 
include the following: 

 Aboriginal Heritage Act 1972 and Regulations 1974; and 

 Assessment of Aboriginal Heritage – Guidance for the assessment of environmental factors (in 
accordance with the EP Act) No. 41 (Final). 

 

7.5.4. Potential Impact 

Potential impacts on Indigenous heritage values in the Fremantle area as a result of the Inner 
Harbour Deepening Project may arise from disturbance to culturally significant mythological sites 
(Indian Ocean and Swan River). 

7.5.5. Management Strategies 

Management measures that will be employed will include the following: 

 Continuing engagement with the local Indigenous community; 

 Undertaking all work in compliance with the Aboriginal Heritage Act 1972; and 

 Recognition of Aboriginal culture and history through interpretative signage. 

 

7.5.6. Outcomes 

Through the use of the management strategies in Section 7.5.5, there will be no impact to the 
mythological significance of culturally recognised sites and the EPA objective for Indigenous 
heritage will be met. 

7.6. Public Access and Recreation 

7.6.1. Overview 

The Inner Harbour is an important link between the Swan River estuary and nearby coastal waters, 
particularly for recreational boating activities.  Anchoring is not permitted in the Inner Harbour and 
Entrance Channel and these areas do not have high recreational boating values apart from being a 
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link between the Swan River estuary and coastal waters.  The offshore Fremantle marine 
environment is important for recreational boating to and from Rottnest Island.  Most land-based 
operational areas of the Inner Harbour port facilities are not available for public access for security 
reasons.  Public access areas will remain unchanged. 

Recreational fishing is restricted in the Inner Harbour and Entrance Channel areas to shore based 
fishing, with access limited to the west end of the harbour and North and South Moles and Rous 
Head.  The Deep Water Channel and proposed offshore spoil ground are not highly used for 
recreational fishing.  It is understood that limited recreational diving has been undertaken in the 
vicinity of Rous Head, subject to weather and water conditions.  Access to this area in close 
proximity to the sea wall construction activities will also be temporarily restricted to ensure public 
safety. 

7.6.2. EPA Objective 

The EPA objective for recreation is to ensure that existing and planned recreational uses of the 
environment are not compromised. 

7.6.3. Relevant Guidelines and Legislation 

The relevant guidelines and legislation for the management of impacts to the recreational value of 
the Port include: 

 ANZECC/ARMCANZ (2000). Australian and New Zealand Guidelines for Fresh and Marine 
Water Quality; and 

 Environmental Quality Criteria Reference Document for Cockburn Sound (2003 – 2004), 
(EPA Report No. 20; January 2005). 

 

7.6.4. Potential Impacts 

Impacts on public access and recreational activities due to dredging, spoil disposal and land 
reclamation activities may occur as a result of the following: 

 Dredging activities which may restrict, but not prevent, recreational boating traffic; and 

 Elevated turbidity/suspended sediment which may impact water-based activities recreational 
activities in close proximity to dredging activities. 

 

There may be some impact to recreational fishing using Rous Head due to fishing access 
restrictions that will be required during reclamation activities primarily to ensure public safety.  
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Access to publicly accessible recreational fishing areas at the North and South Moles during 
dredging operations will only be temporarily affected. 

7.6.5. Management Strategies 

The following management strategies will be implemented: 

 Development and implementation of a CEMP to ensure access maintained for all users of Port; 

 Small craft will be able to pass the dredge relatively unimpeded; 

 Advise public of any major planned disturbances to boating traffic, via public media, notices to 
boating clubs and temporary signs at public boat ramps; 

 Minimise closure of publicly accessible fishing areas during construction works;  

 Temporary closure during reclamation activities at Rous Head to avoid significant impacts to 
recreational fishing in this area; and 

 Minimising suspended sediments generation in the Inner Harbour and Entrance Channel 
through best practice dredging (see Section 6.4.5.1). 

 

7.6.6. Outcome 

There will be only minor impacts to public access and recreational users of Fremantle Port during 
the length of the project and the EPA objective for this environmental factor will be met. 

7.7. Interference with Shipping and Other Port Users 

7.7.1. Overview 

The Deep Water Channel has been used as a shipping channel for approximately 50 years.  The 
proposed spoil ground lies due west and north of the main Fremantle shipping channel within Gage 
Roads, which is an ‘offshore mooring area’, designated by Fremantle Ports. 

7.7.2. EPA Objective 

The project objective will be to minimise interference with shipping and other port users during 
dredging, spoil disposal and land reclamation activities. 

7.7.3. Relevant Guidelines and Legislation 

Although there are no specific guidelines or legislation relating to this factor, the following 
plan/guidance is provided by Fremantle Ports: 

 Fremantle Ports’ Emergency Response Plan incorporates an Oil Spill Response Plan; and 

 General Information for Ship's Masters – developed by Fremantle Ports. 
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7.7.4. Potential Impacts 

Potential impacts during the dredging and spoil disposal activities may include: 

 Loss of access to some parts of the Inner Harbour due to the presence of the dredge and 
support vessels; and 

 Interference with other vessels by the dredges and in extreme cases, collision with other 
vessels. 

While shipping activity is heavy within the Entrance Channel and Inner Harbour and to a lesser 
extent the Deep Water Channel, impacts from loss of access areas and navigational will be 
negligible.  During dredging and disposal activities the dredge and support vessels will observe all 
speed limits and will pose an insignificant net increase to existing shipping volumes. 

7.7.5. Management Strategies 

Potential impacts to vessel movements will be managed through Fremantle Ports’ existing EMS 
and via controls established in the project CEMP.  Vessel movements are managed under the 
direction of the Harbour Master and Fremantle Ports’ Signal Station.  Dredging will be scheduled 
to work in conjunction with the vessel movements.  The dredges and support vessels will maintain 
radio contact with the Harbour Master to be kept informed of planned shipping movements. 

7.7.6. Outcome 

There will be negligible impacts to shipping and other port users through the implementation of 
existing controls and the CEMP. 

 

 

 



Fremantle Ports  Public Environmental Review 

SINCLAIR KNIGHT MERZ 
 
I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\8. Proponent Conditions_090106.doc PAGE 8-1 

8 Environmental Management and Proposed 
Environmental Conditions 

8.1 Environmental Management Responsibilities 

Fremantle Ports is committed to achieving or exceeding a level of environmental management 
performance consistent with national and international standards and statutory obligations.  The 
proposed dredging program will be conducted in a manner that will minimise impacts on the 
surrounding environment to as low as reasonably practicable. 

Fremantle Ports takes a responsible and proactive stance to the environmental management of its 
activities.  To this end, its environmental responsibilities with respect to the Inner Harbour 
Deepening Project include: 

 Obtaining relevant approvals and permits to undertake the dredging works; 

 Undertaking ongoing liaison with the local community such that environmental and social 
impacts arising from the proposal are minimised; 

 Appointing and managing suitably qualified dredging contractors; 

 Ensuring the dredging contractor takes all reasonable measures to protect the environment in 
and around the site and mitigate and/or protect the environment against impacts of the works 
resulting from turbidity plumes and reduced water quality; storage and handling of 
hydrocarbons and chemicals; waste and sewage disposal; air quality, noise, light and odour; 

 Undertaking monitoring and reporting on the effects of dredging and spoil disposal on 
significant environmental issues; and 

 Engaging an accredited contaminated sites auditor to independently review the assessment of 
the acceptability of the contaminated dredge material for disposal at the reclamation area at 
Rous Head. 

 

Fremantle Ports has applied best practice guidelines for dredging1 to the Inner Harbour Deepening 
project by: 

 Minimising the volume of dredging through the application of dynamic under-keel clearance 
systems and extensive navigational simulation studies that enable the channel and harbour 
depths and widths to be minimised, without impacting navigational safety; 

                                                      

1 For example see Best Practice Environmental Management - Guidelines for Dredging, Publication 691, Environment Protection 
Authority, Victoria, October 2001 
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 Minimising the physical effects of spoil disposal by treating dredged material as a resource 
where possible and reusing it for land reclamation, and where reuse is not possible placing it in 
previously disturbed seabed areas; 

 Minimising impacts of potentially contaminated sediments by undertaken sampling and 
analysis to determine the extent of potential contaminants and developing management plans 
and methods such as capping (burying) potentially contaminated sediments; 

 Minimising impacts on water quality by timing dredging activities in suitable seasons and 
using settlement ponds and silt curtains to minimise turbidity and undertaking elutriate testing 
to demonstrate that water quality criteria will not be exceeded; and 

 Optimising dredging and disposal activities by selecting appropriate methods and suitable 
dredging equipment. 

 

Fremantle Ports proposes to engage a suitably experienced dredging contractor via a contracting 
strategy known as Early Contractor Involvement (ECI).  The ECI contracting strategy is a 
relationship based approach that will enable the dredging contractor and Fremantle Ports to work 
together in a collaborative manner to deliver the project objectives which describe the outcomes 
Fremantle Ports is seeking. 

Contractors will be engaged prior to implementing the project, to work collaboratively with 
Fremantle Ports to: 

 Contribute to community and stakeholder engagement; 

 Prepare a Risk Management Plan including risk register, and allocation of risks to the party 
best able to manage them; 

 Undertake a constructability review for the Works, finalising all work method statements, 
construction sequencing and Access Agreements and finalising the Dredging and Spoil 
Disposal Management Plan (DSDMP); and 

 Prepare management plans which as a minimum, contain the following information: 

– A DSDMP which addresses all the requirements of statutory approvals and obligations; 

– A Construction Environmental Management Plan (CEMP) which addresses the issues 
representing lesser environmental risk, but high value stakeholder issues (e.g. traffic, dust, 
noise); 

– An occupational health and safety plan; 

– A quality management plan; 

– A local industry participation plan; 

– A security management plan; 
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– An interface and control plan which is consistent with any existing arrangements between 
Fremantle Ports and its Port users; and 

– A community and stakeholder engagement plan. 

 

In the event of any non-compliance with the DSDMP or breach of legislative requirements in 
respect of the environment, the dredging contractor is obliged to report the type and extent of such 
non-conformance.  The contract will allow for suspension of dredging operations until any and all 
deficiencies are addressed and corrected by the contractor. 

By taking this approach Fremantle Ports believes the achievements of the successful contractor and 
Fremantle Ports working together in a collaborative and open relationship will directly contribute 
to Fremantle Ports realising its vision and strategic objectives. 

8.2 Environmental Management Programme 

Preventative and management measures will be applied throughout dredging, disposal and 
reclamation activities of the Inner Harbour Deepening Project to ensure that all potentially 
significant environmental impacts associated with the proposal are avoided or minimised. 

Various tools will be implemented to ensure sound environmental management during the life of 
the project.  These include Fremantle Ports’ Environmental Policy (Figure 8-1), preparation of 
hazard registers, audits of environmental performance, environmental management performance in 
tendering and contract requirements, inductions and development and implementation of a project-
specific construction environmental management plan.  Fremantle Ports’ Environmental Policy 
seeks to ensure that planning and performance of all the organisation’s activities are undertaken to 
minimise environmental impacts and prevent pollution.  This policy, which is applied to all of the 
Ports’ activities, satisfies the requirements of ISO 14001 and is based on the principle of 
continuous improvement. 

The following procedures will also be implemented to ensure a high level of environmental 
performance: 

 Auditing of compliance including corrective actions; 

 Inductions to site staff and contractors focussed on HSE management and performance; and 

 Presence of an on-site HSE representative during dredging, disposal and reclamation activities. 



Fremantle Ports  Public Environmental Review 
 

      SINCLAIR KNIGHT MERZ 

PAGE 8-4 I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\8. Proponent Conditions_090106.doc 

This page has been intentionally left blank 

 



Fremantle Ports   Public Environmental Review 

SINCLAIR KNIGHT MERZ 
 
I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\8. Proponent Conditions_090106.doc PAGE 8-5 

 
 Figure 8-1  Fremantle Ports’ Safety, Environment and Quality Policy 
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8.3 Monitoring Programs 

Specific environmental monitoring programs for the marine activities of the Fremantle Ports Inner 
Harbour Deepening Project will be undertaken.  The monitoring programs are presented within the 
Draft DSDMP (see Appendix H) and include: 

 Water quality monitoring to ensure that ecological impacts are not greater than predicted; 

 The ecosystems parameters to be monitored in the event water quality parameters exceed 
agreed threshold levels; 

 The timing and frequency of monitoring; and 

 Policies for evaluating and amending the monitoring program. 

Once detailed design information is available for the proposed development, the monitoring 
programs will be finalised and submitted to relevant government agencies. 

8.4 Conclusions 

Fremantle Ports is committed to sound environmental practice and through the results provided in 
this report, is confident that the proposed dredging program is unlikely to have a significant long-
term adverse impact on the natural and social environments of Fremantle Inner Harbour or the off-
shore environment. 

The proposal as described in this document has been developed to avoid, minimise, manage and 
mitigate environmental impacts.  Decisions made early in the project planning stage which 
significantly reduce both environmental and social impacts are as follows: 

 Dredge Material Re-use and Relocation Alternatives; 

 Rous Head Reclamation Options; and 

 Offshore Disposal Options. 

 

The following environmental factors were considered: 

 Marine biodiversity (over arching); 

 Marine water and sediment quality (key); 

 Marine habitats (BPPH) (key); 

 Marine fauna (key); 

 Introduced marine pests (other); 

 Acid Sulphate Soils (other); 

 Coastal processes (other); 
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 Noise, traffic and dust impacts (at Rous Head); 

 Hydrocarbon spills in marine waters (other); 

 Indigenous heritage (other); 

 Public access and recreation (other); and 

 Aesthetics (other). 

 

Fremantle Ports has developed a Draft DSDMP to specifically address the marine environmental 
impacts associated with project, which will be finalised following appointment of Dredging 
Contractor.  The Draft DSDMP addresses the commitments, mitigation and management measures 
made throughout this Draft PER.  As such the Draft DSDMP includes the following measures to 
minimise impacts from dredging, spoil disposal and land reclamation activities: 

 Use of appropriate best practice dredging methods to minimise turbidity and the loss of 
habitats outside of the project footprint; 

 Implementation of an extensive monitoring program with appropriate contingency plans; 

 Capping potentially contaminated sediments with clean sediments to minimise the risk of 
water quality impacts; 

 Ensuring that dredged sediment from the Inner Harbour with PASS material, remains saturated 
at all times; 

 Minimising noise and dust associated with the dredging works wherever possible; 

 Inspections to manage and avoid the introduction of introduced marine pests where 
practicable; 

 Application of the Quarantine Act 2000 (Commonwealth) and the AQIS ballast water 
management requirements for international shipping; and 

 Implementation of an extensive monitoring program with appropriate contingency plans. 

 

Fremantle Ports will address potential social and other environmental impacts associated with the 
reclamation activities at Rous Head through the implementation of a CEMP.  The CEMP will 
include regulatory requirements, company standards, project commitments and management and 
monitoring measures. 

In the event that the Minister for the Environment considers the project to be environmentally 
acceptable, these management plans will be amended to incorporate any conditions of approval or 
additional project commitments. 

For all factors assessed, it is considered that with the implementation of the proposed management 
strategies the EPA objectives can be met. 
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8.5 Proposed Environmental Conditions 

Fremantle Ports’ proposes the Environmental Conditions listed in Table 8-1 for the management of 
the Inner Harbour Deepening Project.  In the event that the Minister for the Environment considers 
the project to be environmentally acceptable, then some of these may become Ministerial 
Conditions under the EP Act.  
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 Table 8-1  Summary of Proposed Environmental Conditions 

Commitment Objective Action Timing 

Biodiversity To minimise impact on bio-
diversity 

The Dredging Contractor will be required to implement appropriate best practice dredging 
methods to minimise turbidity and reduction in light availability for BPPH and loss of habitats 
outside of the project footprint. 

During dredging, 
disposal and land 
reclamation  

Settlement ponds will be designed and operated to take account of the dredging plant 
production rates, pumping capacity and pipe diameter proposed by the dredging contractor. 

Prior to and during 
dredging 

The seawall will be constructed in advance of the reclamation works to reduce turbidity 
generated during the project, and a silt curtain will be placed at the discharge point to 
minimise turbidity of the overflow water in the adjacent waters. 

Prior to and during 
dredging, disposal and 
land reclamation 

Fremantle Ports will work with the Dredging Contractor to identify contingency measures that 
will be implemented should water quality trigger levels be exceeded. 

Prior to dredging 

Fremantle Ports will report the condition of the environmental values of Project Area in 
Performance Review Reports which address: 

 The major environmental risks/impacts, EQOs and EQCs for each environmental value, 
the success of management/mitigation measures and result of monitoring related to the 
management of major impacts. 

 
 
 
 

Dredging Monitoring and 
Management Plan – 
Implementation  

To minimise environmental 
impacts from dredging, 
disposal and reclamation 
activities 

A DSDMP will be implemented to address the following: 
 Water Quality, Sedimentation and Benthic Primary Producer Habitat Management; 
 Marine Fauna Management; 
 Introduced Marine Pest Management; 
 PASS Material and Potentially Contaminated Sediments Management; 
 Proposed Spoil Ground Management; and 
 Hydrocarbons Management. 

During dredging, 
disposal and 
reclamation activities 
 
 
 

Dredging Monitoring and 
Management Plan  – 
Public Availability 

To inform the public of the 
management of dredging, 
disposal and reclamation 
activities 

The DSDMP will be made publicly available on the Fremantle Ports’ website. Prior to dredging 

Acid Sulphate Soils To have no detrimental 
environmental impact 
associated with PASS 
dredged material.  

Fremantle Ports will adhere to the requirements of the DSDMP which includes measures to 
minimise exposure of PASS due to dredging, spoil disposal and land reclamation activities.  
Specifically the proponent shall implement the following: 

 Surface sediments from the Inner Harbour identified as PASS will be pumped to below 
tide level within the area to be reclaimed at Rous Head; 

During dredging and 
land reclamation 
activities 
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Commitment Objective Action Timing 
 PASS materials will remain saturated at all times during dredging and pumping to Rous 

Head; and 
 PASS surface sediments will be buried with calcium carbonate material (i.e. ‘inert’ or 

‘chemically inactive’) dredged from the limestone bedrock in the Inner Harbour. 

 
 
 

Marine Fauna 
Management 

To minimise the risk of 
collisions between 
dredging vessels and 
marine fauna 

Fremantle Ports will adhere to the requirements of the DSDMP which includes measures to 
avoid collisions with marine fauna due to dredging and offshore spoil disposal activities.  
Specifically the proponent shall implement the following: 

 Prior to commencement of the dredging program, all crew will receive training from a 
qualified person.  This training will include details of procedures to be followed in the 
event of marine mammal injury or death; 

 All cetacean (except dolphin) sightings will be recorded; 
 All cetacean (including dolphin) injury or mortality incidents will be recorded and reported 

to the DEC and DEWHA; 
 In the event dredging and disposal activities in Gage Roads and the Deep Water 

Channel occur during the peak southern migration period for whales, observation 
procedures will be implemented on the dredge vessel to minimise the risk of a collision 
between the dredge and large marine fauna; and 

 Cetacean (except dolphin) observation and response procedures including the 
application of a 300 m exclusion zone will be implemented during dredging and spoil 
disposal activities in Gage Roads and the Deep Water Channel. 

During any dredging 
and offshore disposal 
 
 
 
 
 
 
 
 
 

Introduced Marine Pests To prevent the introduction 
or establishment of any 
marine pests to the waters 
adjacent to the proposal 

Fremantle Ports will prevent the introduction/establishment of marine pests to the waters 
adjacent to the proposal in accordance with the Introduced Marine Pests management 
strategy in the DSDMP.  Specifically dredging-related vessels will be required to: 

 Manage their ballast water in accordance with the AQIS mandatory ballast water 
requirements; 

 Submit a Quarantine Pre-Arrival Report (QPAR) to AQIS 12 to 48 hours prior to arrival; 
and 

 Complete the ballast water uptake/discharge log and treatment / exchange log and retain 
these on board. 

 
The requirement for hull inspections before the vessel’s departure for Fremantle Port and/or 
on arrival and/or before departure for its next port of call will be determined from a risk 
assessment conducted in conjunction with the Department of Fisheries (DoF).   

Prior to arrival in port. 
 
 
 
 
 
 
 
 
 

Hydrocarbon Spill 
Management 

To minimise the potential 
impact on the marine 

Fremantle Ports will ensure that the following systems are in place to manage hydrocarbon 
spills into Fremantle Port’s marine environment in accordance with: 

During dredging, 
disposal and 
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Commitment Objective Action Timing 
environment from leaks, 
spills and unplanned 
events. 

 Port Authorities Regulations prohibiting the discharge of hydrocarbons into port waters; 
 General Information for Ship’s Masters communicating the regulations to the relevant 

persons; 
 Safety and environment inductions; 
 Hazardous substances policy and guidelines to ensure chemicals and other toxic 

materials are properly disposed off; and 
 Fremantle Ports’ Emergency Response Plan incorporates an Oil Spill Response Plan 

and will be used in the event of any hydrocarbon spillages. 

reclamation activities 
 
 
 
 
 

Coastal Processes To monitor sediment 
movement and shoreline 
stability of Leighton and 
Port Beach 

Fremantle Ports, in conjunction with the DPI, will continue to undertake hydrographic surveys 
of Leighton and Port Beach. 

Bi-annually (March and 
October) 
 

Construction 
Environmental 
Management Framework - 
Implementation 

To minimise impacts to the 
terrestrial/social 
environment in the Inner 
Harbour and at Rous Head 
from reclamation activities. 

The following management plans within the approved Construction Environmental 
Management Framework will be implemented: 

 Noise, traffic and dust monitoring and management; 
 Public access and recreation; and 
 Vessel interaction. 

During construction, 
dredging and 
reclamation 
 
 

Construction 
Environmental 
Management Framework – 
Public Availability 

To inform the public of the 
management of 
reclamation activities 

The management plans within the Construction Environmental Management Framework will 
be made publicly available on the Fremantle Ports’ website. 

Prior to dredging 
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1. Introduction 
Fremantle Ports presently do not have an active ocean disposal area for dredge material.  The Inner 
Harbour is periodically dredged to maintain the declared depth of 13.0 m with the material 
removed and placed in a reclamation area at the Rous Head Reclamation Area.  Currently, the 
Stage 1 extension of Rous Head has been approved.  A second extension of Rous Head is planned 
as part of the Fremantle Inner Harbour Deepening Project (EPA Bulletin 771). 

Fremantle Ports wishes to consider options for deepening the Inner Harbour to approximately15 m 
to allow entry to larger deeper draft vessels.  This will require the removal of approximately 2 Mm3 
of material of which the extended alignment of the Rous Head Reclamation Area can accommodate 
the material but will be at capacity once completed. 

In addition to the Inner Harbour deepening, the approach channel (Deep Water Channel) requires 
surface skimming and high spot removal to allow safe transit of the deeper draft vessels to and 
from the Inner Harbour.  It is anticipated that approximately 600,000 m3 of material would require 
removal by dredging from the approach channel.  This material cannot be accommodated in the 
Rous Head Reclamation Area.  Future considerations, such as a second channel into Cockburn 
Sound, maintenance dredging of Success and Parmelia Channels and the sustainability of the Port 
in respect to future growth capacity also need to be taken into account. 

A planning workshop was held on December 13th, 2004 to assess options for dredge material 
disposal.  A total of 20 potential options were identified; however, after constraints were 
considered, only six were considered worthy of further investigation.  Reclamation was favoured 
where appropriate such as Rous Head.  Offshore disposal was favoured once the Rous Head 
reclamation area reached capacity or where dredging occurred in the Outer Harbour; however, a 
number of further investigations were required including site selection studies. 

Fremantle Ports commissioned Sinclair Knight Merz to undertake a detailed site selection study to 
identify a suitable offshore disposal area.  The process undertaken was to be consistent with the 
National Ocean Disposal Guidelines for Dredged Material (NODGDM) (EA 2002).  The selection 
criteria identified were as follows: 

 Proximity to the proposed dredging areas; 

 To have capacity for current and future dredging programs; 

 To be situated such that its use would result in minimal environmental impact; and 

 To be situated in an area of low environmental value or already impacted by human activity. 

 
The findings of the site selection study are presented in this report. 
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2. Potential Offshore Disposal Area 
Permission to dispose of dredge material at sea is regulated by the Department of the Environment 
and Heritage (DEH) under the Environmental Protection (Sea Dumping) Act 1981.  The DEH 
manage this provision of sea dumping permits via the National Ocean Disposal Guidelines for 
Dredged Material (NODGDM) (EA 2002).  These guidelines also prescribe the process of disposal 
site selection which is shown graphically as a flowchart in Figure 1. 

The first step in the process of Evaluation of Disposal Alternatives was undertaken at a planning 
workshop held on December 13th, 2004 (see 0-1).  A total of 20 potential options were identified 
for the Inner Harbour Development; however, after constraints were considered, only 6 were 
considered worthy of further investigation.  Reclamation was favoured where appropriate such as 
Rous Head; however, offshore disposal was identified as being required for a number of 
development options and was favoured.  Of these six options, only two involved offshore disposal 
relevant to the Inner Harbour Development (see Table 1).  The use of the offshore mooring area 
was subsequently identified.  The workshop also identified that a number of further investigations 
were required including site selection studies. 

In addition, seven options were identified for further consideration for dredging works in the Outer 
Harbour.  Subsequent to this workshop further assessment of options was undertaken for dredging 
associated with the Kwinana Bulk Terminal 1 Berth Reconstruction (see Table 2).  This earlier 
work was focussed on two particular projects, namely, dredging of the Inner Harbour and Entrance 
Channel and dredging at the Kwinana Bulk Terminal near to James Point in the Outer Harbour. 

In the broader context, Fremantle Ports will also require dredging of the deepwater channel, 
ongoing maintenance dredging of Success & Parmelia Channels and the Inner Harbour and 
potentially the creation of a second channel into Cockburn Sound.  Accordingly, the previous 
findings have been re-assessed and the long-term dredging strategy being considered comprises: 

 Re-use of dredge material where possible.  For example, using Inner Harbour and Entrance 
Channel dredged material for reclamation works at Rous Head and using suitable materials for 
feedstock to Cockburn Cement operations. 

 Offshore disposal of materials not suitable for reclamation purposes or feedstock for Cockburn 
Cement. 
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Table 1 Options considered for disposal of dredge material from the Inner Harbour 

Option Advantages Disadvantages 

1.  Port Beach re-nourishment 
  Material suitable provided disposed of 

offshore so that segregation leads to 
appropriate material being deposited on 
shore by coastal processes. 

 Sufficient volume and depth for disposal of 
entire volume. 

 Short distance to transport material for 
disposal. 

 Some material may not be suitable for sea 
disposal due to contamination or rock 
content. 

 Fine material from berthing areas not suitable 
for beach re-nourishment. 

 Potentially requiring a high level of 
environmental approval. 

 Potential for community resistance due to 
turbidity created near beach. 

2.  Infill along channel edges of Cockburn Cement dredging 
  Sufficient volume and depth for disposal of 

a significant portion of the dredged volume. 
 Potential re-creation of shallow habitat lost 

through dredging by Cockburn Cement for 
shell sand. 

 Medium distance to transport material for 
disposal. 

 Material disposed will likely have a higher 
proportion of fines as the existing material on 
Success and Parmelia Banks and may not 
be suited to seagrass growth. 

 Impact of turbidity at disposal location on 
adjacent seagrass beds. 

 Potential for sediment movement impacting 
on shipping channels and seagrasses. 

 Availability of potential disposal areas will be 
subject to the activities of Cockburn Cement.

3.  South Beach re-nourishment – Disposal at Fish Rocks 
  As for Port Beach re-nourishment.  As for Port Beach re-nourishment 

 Long distance to pump dredged material. 
4.  Rous Head Extension 
  Short distance from Inner harbour. 

 Capacity to accommodate know capital and 
maintenance volumes in short-term. 

 Dredge material put to use. 
 Combined disposal of material reduced 

impacts. 

 Long distance from Deep Water and Success 
& Parmelia channels. 

 Limited long-term capacity. 
 Loss of seabed area. 
 Potential impacts on Port Beach due to re-

aligned seawalls. 
5.  Fishing Boat Harbour Reclamation for Boat Ramp 
   Fatal flaw─Not viable due to unknowns of 

feasibility, timing and capacity. 
6.  Existing Rous Head Reclamation 
   Fatal flaw─Not viable due to inadequate 

capacity.
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Table 2 Options considered for disposal of dredge material from the Outer Harbour 

Option Advantages Disadvantages 

1.  Infill along channel edges of Cockburn Cement dredging 
  Sufficient volume and depth for disposal of 

a significant portion of the dredged volume. 
 Potential re-creation of shallow habitat lost 

through dredging by Cockburn Cement for 
shell sand. 

 Medium distance to transport material for 
disposal. 

 Material disposed will likely have a higher 
proportion of fines as the existing material on 
Success and Parmelia Banks and may not 
be suited to seagrass growth. 

 Impact of turbidity at disposal location on 
adjacent seagrass beds. 

 Potential for sediment movement impacting 
on shipping channels and seagrasses. 

 Availability of potential disposal areas will be 
subject to the activities of Cockburn Cement.

2.  Disposal to Deep Basin of Cockburn Sound 
  Short distance to disposal area. 

 Sufficient volume and depth for disposal of 
entire volume. 

 Outside of Benthic Primary Producer 
Habitat area (un-vegetated). 

 Turbidity plumes unlikely to affect seagrass 
meadows. 

 Waste of reclamation material. 
 Impact on environment in two separate 

areas. 
 Navigational constraints posed by creating a 

shallow bank. 
 Some material may not be suitable for sea 

disposal due to contamination. 
3.  Disposal to Eastern Margin of Cockburn Sound (Outer harbour proposed port site) 
  Short distance to disposal area.

 Overlap with Outer Harbour proposed port 
option areas meaning that impacts are 
limited to the same area for both projects. 

 Overlap area is un-vegetated soft sediment.
 Some of the area is deeper than the 

prescribed BPPH area (>10 m depth). 
 Sufficient for disposal of entire volume. 
 Significant cost savings in providing 

reclamation fill. 

 Potential for turbidity plumes to affect other 
seagrass beds on the eastern margin. 

 Within BPPH area, in that substrate may be 
considered by the EPA to be potential 
seagrass habitat. 

 Potential impact on local wave climate and 
therefore on coastline through changing 
water depth near to the shore. 

 Some material may not be suitable for sea 
disposal due to contamination. 

4.  Feedstock to Cockburn Cement 
  Removes most key environmental issues.

 Some material may not be suitable for sea 
disposal. 

 Fatal flaw─The calcium carbonate content of 
the material from this region does not meet 
the grade required by Cockburn Cement.

5.  Australian marine Complex Extension–Reclamation fill 
  Good use of material for reclamation.

 Some material may not be suitable for sea 
disposal. 

 Fatal flaw─LandCorp indicate this is not a 
viable option due to unknowns of feasibility, 
time and they don’t require fill material.

6.  Land disposal of all material 
  Roves all impacts associated with disposal 

of material in the marine environment. 
 Some material may not be suitable for sea 

disposal due to contamination.

 Fatal flaw─No suitable sites have been 
identified for the entire volume to be dredged.

 Disposal to land raises numerous logistical 
and liability issues. 

7.  Combination with James Point Port and options above 
  JPPL has approval in place to reclaim and 

dredge in this region for it’s Stage 1 Port 
proposal and requires fill. 

 There is significant dredging overlap 
between the JPPL and the KBB1 projects. 

 Some material may not be suitable for sea 
disposal. 

 JPPL is waiting on approval from the WA 
Planning Commission.  There is no certainty 
that such approval may be granted. 

 The two proposals are entirely independent 
and the approval of one cannot be linked to 
the approval of the other. 
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The selection criteria used to identify a suitable offshore disposal area were as follows: 

 Proximity to the proposed dredging areas; 

 To have capacity for current and future dredging programs; 

 To be situated such that its use would result in minimal environmental impact; and 

 To be situated in an area of low environmental value or already impacted by human activity. 

 
The NODGDM provide guidance on the site selection of new disposal areas (spoil grounds or 
dump sites).  The next step is to investigate a preferred site as well as a number of alternative sites.  
Based on constraints from the planning workshop, proximity to likely dredge areas, estimated 
capacity, initial assessment of environmental value and potential impacts and discussions with the 
Harbour Master at Fremantle Ports, only one site (Gage Roads) was deemed to be suitable for 
further investigations.  The following information is required by the NODGDM for the second step 
in the process shown in Figure 1 and is the focus of this investigation: 

Step 2:  Determine characteristics of potential sites 

 Water column characteristics 

– Water depth 

– Water column stratification 

– Tidal characteristics 

– Surface and seabed currents 

– Wind and wave characteristics 

– Temperature profile 

– Suspended solids/turbidity/light penetration 

 Seabed characteristics 

– Topographic features 

– Sediment grain size characteristics 

– Sediment chemistry 

– Sediment stability 

 Surrounding habitat and biological communities 

– Infauna assessment 

– Benthic macroinvertebrate assessment 

– Benthic flora assessment 

– Proximity of other habitats 
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– Proximity to marine parks or reserves 

– Recreational use of then area 

– Transportation routes 

– Matters of National Environmental Significance 

– Listed Threatened Species 

 

Further investigations area required before a submission can be made to the DEH for the 
establishment of a disposal area and a sea dumping permit.  These would include the following: 

a) Detailed investigation of the dredge material via the Sampling and Analysis Plan (SAP); and 

b) Numerical modelling of plumes generated during disposal. 
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Figure 1 Framework for offshore disposal site selection and assessment 



Site Identification for an ocean disposal area 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\Appendices\Appendix A  FPA Disposal area site selection_final.doc PAGE 8 

3. Methods 

3.1 Survey of Potential Disposal Area 
The survey of the potential disposal location in the offshore mooring area was undertaken on 
February 27th 2006.  Sampling locations were in a mooring area on the western margin of the area 
known as Gage Roads west of the deepwater Channel.  The sampling sites are shown in Figure 2 
while the coordinates are provided in Table 3.  The proposed disposal area is defined by the 
coordinates in Table 4. 

At the time of sampling, mooring locations N1, N2 and N3 were occupied by vessels. 

At each of the 10 sampling sites (FPA 1–8) triplicate sediment cores were collected from the top 10 
cm of the seabed with a polycarbonate core (92 mm internal diameter) by a scientist qualified as a 
commercial diver on SCUBA.  Upon returning to the surface, two of the core samples were 
combined, homogenised and placed into 250 mL glass jars and stored on ice.  The third core 
sample was processed for infauna (see Section 3.2.1).  At the end of the day the samples were 
placed into a refrigerator at 4ºC until they were consigned to the laboratory the next day using a 
chain of custody. 

At each site the seabed was characterised (depth, sediment type and benthic cover) and 
photographic records taken using a digital camera in a housing. 

Table 3 Coordinates of the sampling locations 

Site Easting Northing 
FPA 1 0374009 6456668 
FPA 2 0374863 6456708 
FPA 3 0373998 6455741 
FPA 4 0374870 6455752 
FPA 5 0374010 6454820 
FPA 6 0374875 6454854 
FPA 7 0374028 6453854 
FPA 8 0374895 6453756 

Datum is WGS84 Zone 50H 

Table 4 Coordinates of proposed disposal area boundary 

Site Easting Northing 
NW corner 0374050 6457300 
NE corner 0375450 6457300 
SE corner 0375450 6454050 
SW corner 0374050 6454050 

Datum is WGS84 Zone 50H 



Site Identification for an ocean disposal area 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\Appendices\Appendix A  FPA Disposal area site selection_final.doc PAGE 9 

 

 
Figure 2 Location of sampling sites 
Adapted from AUS117 
Proposed offshore disposal area shown by red dotted line has been amended since the survey. 

Sediment samples were analysed by ALS (NATA 825) for the following: 

 Metals (Sb, As, Cd, Cr, Cu, Pb, Ni, Hg, Ag and Zn); 

 Tributyltin; 

 Total organic carbon; 

 Ultratrace organochlorine pesticides; 

 Ultratrace organophosphate pesticides; 

 Ultratrace polychlorinated biphenyls; 

 Ultratrace polyaromatic hydrocarbons; and 

 Particle size distribution. 

 
The specific testing procedures and PQLs for each test parameter are provided in Table 5. 
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Table 5 Analytical methods and PQLs 

Parameter Units Method PQL 

Particle size distribution %w/w Wet sieving 0.1 
  Antimony mg/kg ICPMS 0.1 
  Arsenic mg/kg ICPMS 0.1 
  Cadmium mg/kg ICPMS 0.1 
  Chromium mg/kg ICPMS 0.1 
  Copper mg/kg ICPMS 0.1 
  Lead mg/kg ICPMS 0.1 
  Mercury mg/kg FIMS 0.1 
  Nickel mg/kg ICPMS 0.1 
  Silver mg/kg ICPMS 0.1 
  Zinc mg/kg ICPMS 0.1 
Total Organic Carbon %w/w LECO after acid treatment 0.5 
Organotin (TBT) µg/kg GCMS 0.2 
Organochlorine pesticides (OCs)a µg/kg GPS/Florisil/GCµECD 0.5 
Organochlophosphate pesticides (OPs)b µg/kg GPS/GC/µFPD 10 
Polychlorinated biphenyls (PCBs)c µg/kg GPS/Florisil/GCµECD 5 
Polyaromatic Hydrocarbons (PAHs)d µg/kg GPC-GC/MS-SIM 10 

 
a Organochlorine suite tested (action list parameters indicated in italics) 

 Aldrin  Dieldrin  Heptachlor 
 alpha-BHC  alpha-Endosulfan  Heptachlor epoxide 
 beta-BHC  beta-Endosulfan  Hexachlorobenzene (HCB) 
 delta-BHC or Lindane  Endosulfan sulfate  gamma-BHC 
 4,4’-DDD  Endosulfan  Methoxychlor 
 4,4’-DDE  Endrin  cis-Chlordane 
 4,4’-DDT  Endrin aldehyde  trans-Chlordane 
 DDT (total)  Endrin ketone  Total Chlordane 

 
b Organophosphate suite tested 

 Bromophos-ethyl  Diazinon  Azinphos Methyl 
 Carbophenothion  Dichlorvos  Monocrotophos 
 Chlorfenvinphos (E)  Dimethoate  Parathion 
 Chlorfenvinphos (Z)  Ethion  Parathion-methyl 
 Chlorpyrifos  Fenamiphos  Pirimphos-ethyl 
 Chlorpyrifos-methyl  Fenthion  Prothiofos 
 Demeton-S-methyl  Malathion  

 
c Polychlorinate Biphenyl suite tested (action list parameters indicated in italics) 

 Aroclor 1016  Aroclor 1248 
 Aroclor 1221  Aroclor 1254 
 Aroclor 1232  Aroclor 1260 
 Aroclor 1242  Total Polychlorinated biphenyls 
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d Polycyclic Aromatic Hydrocarbon suite tested (action list parameters indicated in italics) 
 3-Methylcholanthrene  Benzo(e)pyrene  N-2-Fluorenyl Acetamide 
 2-Methylnaphthalene  Benzo(g,h,i)perylene  Naphthalene 
 7,12-Dimethylbenz(a)anthracene  Benzo(k)fluoranthene  Perylene 
 Acenaphthene  Chrysene  Phenanthrene 
 Acenaphthylene  Coronene  Pyrene 
 Anthracene  Dibenz(a,h)anthracene  Low molecular weight PAHs 
 Benz(a)anthracene  Fluoranthene  High molecular weight PAHs 
 Benzo(a)pyrene  Fluorene  Total PAHs 
 Benzo(b)fluoranthene  Indeno(1,2,3,cd)pyrene  

 

3.2 Benthic Habitat Assessment 

3.2.1 Infauna 
Benthic infauna was sampled using a 0.007 m2 hand corer (92 mm internal diameter) by a scientist 
qualified as a commercial diver on SCUBA.  Single core samples were collected from all eight 
locations within the proposed disposal area.   

Each sample was sieved through a 1 mm mesh and the material remaining on the sieve was placed 
in a plastic bag and preserved with an equal volume of 70% ethanol.  The bagged samples were 
then consigned to the Marine and Freshwater Research Laboratory at Murdoch University in Perth. 

The invertebrate fauna was removed from the sediment under a dissecting microscope, counted and 
identified to the lowest practical taxonomic unit (see Table 6) by staff at the Marine and 
Freshwater Research Laboratory at Murdoch University.  Individuals within each Taxonomic Unit 
were separated into species groups; however, taxonomic names were not ascribed to them. 

Table 6 Taxonomic units 

Phylum Taxonomic Unit 

Cnidaria Order 
Nemertea Phylum 
Annelida Family 
Sipunculida Phylum 
Crustacea Family 
Mollusca Class 
Echinodermata Class 
Chordata Class 

 

The abundance of each species was calculated and expressed as a mean ± standard deviation for 
each location sampled.  The species richness (number of species recorded) was calculated for each 
location sampled. 



Site Identification for an ocean disposal area 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\Appendices\Appendix A  FPA Disposal area site selection_final.docPAGE 12 

3.2.2 Adjacent Benthic Habitat 
Two locations outside of the proposed disposal area were investigated, one to the south and one to 
the west (Table 7 and Figure 2).  These locations were chosen based on the satellite imagery 
which showed a seabed darker than the surrounding area typical of either seagrass or macroalgal 
growth (see Figure 3). 

At each of the sites a diver captured digital images and described the seabed characteristics and 
benthic flora. 

Table 7 Coordinates sampling locations outside of the disposal area 

Site Easting Northing 
HAB 1 0374672 6452682 
HAB 2 0373237 6454488 

Datum is WGS84 Zone 50H 

 

3.3 Safety 
All diving was undertaken by a team of commercially qualified divers (ADAS) working under the 
diving standard AS2299.1.  A detailed safety plan which included dive and work plans, a hazard 
register, a risk assessment and hazard controls was prepared and approved for use by the safety 
officer at Fremantle Ports. 
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Figure 3 Satellite image of study area showing sampling sites 
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4. Results 

4.1 General Conditions at the Proposed Disposal Area 

4.1.1 Tides 
The mean tidal heights at Fremantle are shown in Table 8.  The highest recorded tide was 1.98 
metres on May 16th 2003, while the lowest recorded tide was -0.15 metres on January 13th, 1886. 
The tide cycle at Fremantle is semi-diurnal. 

Table 8 Expected observable tide heights at Fremantle 

Tide Level Height (m) 

Highest Astronomical Tide 1.34 

Mean Higher High Water 0.96 
Mean Lower high Water  0.78 
Australian Height Datum 0.76 
Mean Sea level 0.75 
Mean Higher Low Water 0.65 
Mean Lower Low Water 0.53 

Lowest Astronomical Tide 0.20 
Includes meteorological effects of short term patterns and El Nino 
Source:  Department for Planning and Infrastructure – WA 
 

4.1.2 Wind 
The wind patterns recorded at the Alcoa wind station in Kwinana 2002 are shown in Figure 4 
through Figure 7.  There are seasonal patterns with summer (Figure 4) having easterly winds in 
the morning, changing to stronger south westerlies during the day.  The easterlies continue during 
autumn (Figure 5) and the south westerlies are reduced in strength and frequency.  During winter 
(Figure 6) the winds come more from a north west and westerly direction while during spring 
(Figure 7) the winds are predominately from the south west.  The long-shore currents at the 
proposed offshore disposal area tend to be wind driven and as a result generally flow in a 
northward direction during summer, autumn and spring.  The north-westerly winds during winter 
change the flow of the long-shore current to a southerly direction.  A more detailed hydro-dynamic 
model will be developed to show the localised impacts of the surrounding bathymetric features. 
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Figure 4 Summer wind rose 
(January, February and December 2002) showing wind speed, direction and frequency 
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Figure 5 Autumn wind rose 
(March, April and May 2002) showing wind speed, direction and frequency 
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Figure 6 Winter wind rose 
(June, July and August 2002) showing wind speed, direction and frequency 
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Figure 7 Spring wind rose 
(September, October and November 2002) showing wind speed, direction and frequency 
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4.1.3 Waves 
The proposed offshore disposal area is protected from the swell coming from the Southern and 
Indian Oceans by the islands and reef systems between Garden Island and Rottnest Island.  This is 
shown by the difference in the mean swell height at the Cottesloe (Figure 8) and Rottnest Island 
(Figure 9) Swell Buoys.  The Cottesloe Swell Buoy is protected by the same islands and reef 
systems as the proposed offshore disposal area.  The sea conditions here are more locally driven by 
the wind direction and strength. 

4.1.4 Water Column Profile 
The water column properties at the proposed disposal area are unstratified as they are well mixed 
by the local wind and wave conditions.  The turbidity is influenced by the discharge from the Swan 
River which increases during the winter months.  To quantitatively describe parameters such as 
turbidity, dissolved oxygen and salinity a more detailed investigation would be required. 

4.1.5 Bathymetry 
The bathymetry of the proposed disposal area ranges from RL -16.5 m in the north-west and south-
west corners to RL -20.5 m in the central area.  The portion of the proposed disposal area equal to 
or greater than RL -16.5 m ( the minimum depth required for vessel mooring in the area) is shown 
as a shaded area in Figure 10.  The intervals of the bathymetry have been interpolated from five  
metre depth contours, derived from the navigational chart AUS117. 

4.2 Seabed Topography 
The proposed disposal area is effectively the bottom of a basin gradually sloping into shallower 
depths along at its boundaries (see Figure 10).  There are no seabed features proud of the bottom.  
No sand ripples were observed at any location during the survey indicating that sediment 
movement by wave action was likely to minimal.  Proposed disposal area appears to be an area of 
sediment accretion and would indicate stability.  The seabed appears to be highly disturbed by the 
actions of ship’s anchoring.  Large anchor furrows were observed near ships at anchor. 

4.3 Capacity of Potential Disposal Area 
The proposed disposal area has a minimum water depth limitation to allow vessel mooring in the 
area of RL -16.5 m.  The volume of material that can be deposited in the proposed disposal area is 
approximately 14.4 Mm3.   
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Figure 8 Cottesloe Swell Buoy 2005 
Source:  Department for Planning and Infrastructure 
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Figure 9 Rottnest Island Swell Buoy 2005 
Source:  Department for Planning and Infrastructure 
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Figure 10 Bathymetry of the proposed disposal area 
Note: Shaded portion is the existing seabed below RL -16.5 m. 
 The red dotted line indicates the original study area. 
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4.4 Site Conditions during the Survey 
The tides during the survey are presented in Figure 11.  The mean sea level (MSL) at the site was 
0.7 m and the tidal variation on the day of the survey was 0.3–0.4 m.  The winds at the time of 
sampling ranged from 9–13 knots from the south.  Seas were approximately 0.5 m and the swell 
was less than 0.5 m. 

 

 
Figure 11 Recorded tides during the survey 

Dotted line indicates period of the survey. 
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4.5 Seabed Characteristics 
The seabed characteristics observed during the survey are presented in Table 9 while the particle 
size distribution of the sediments collected at each site are provided in Table 10 and graphically 
presented in Figure 12. 

The seabed at the eight locations within the proposed disposal area boundary is comprised of soft 
sediment with an average particle size classified as fine sand (125–250 µm).  There is some 
variation in particle size distribution between sites.  At sites FPA 3–4 and FPA 7 the sediments 
were slightly coarser with a greater proportion being comprised of medium sand (250–500 µm).  
The other five sites (FPA 1–2, FPA 5–6 and FPA 8) were similar; however, FPA 6 had a slightly 
larger component of very fine sand (63–125 µm). 

 
Table 9 Sample collection details and seabed characterisation 

Location Site Date Time Depth (m) Seabed description 

Mooring N1 FPA 1 27/2/06 12:48 20.3 Bare soft sandy sediment 

Mooring N2 FPA 2 27/2/06 12:25 20.2 Soft sandy sediment with accumulations of macroalgal 
and seagrass wrack 

Mooring N3 FPA 3 27/2/06 11:54 19.3 Soft sandy sediment 

Mooring N4 FPA 4 27/2/06 11:19 19.7 Soft sandy sediment with sparse patches of live 
Halophila 

Mooring N5 FPA 5 27/2/06 10:42 19.8 Soft sandy sediment with scattered macroalgal and 
seagrass wrack 

Mooring N6 FPA 6 27/2/06 10:13 22.8 Soft sandy sediment with scattered macroalgal and 
seagrass wrack 

Mooring A FPA 7 27/2/06 9:41 16.2 Soft sandy sediment with massive accumulations of 
macroalgal and seagrass wrack 

Mooring B FPA 8 27/2/06 8:59 20.7 Bare soft sandy sediment 

South HAB 1 27/2/06 13:40 19.1 Soft sediment with very sparse small patches of 
Posidonia and Amphibolis 

West HAB 2 27/2/06 13:22 19.1 Soft sediment with dense Heterozostera 
Depths from a dive computer were adjusted for tide and seawater density. 
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Table 10 Particle size distribution 

Description Size Range FPA1 FPA2 FPA 3 FPA 4 FPA 5 FPA 6 FPA 7 FPA 8 Mean±SD 

Very fine gravel >2000 µm 0.04 0.01 0.14 4.98 8.46 0.42 6.92 0.04 2.63±3.57 
Very coarse sand 1000–2000 µm 0.04 0.29 1.06 10.84 2.26 0.50 9.17 0.62 3.10±4.34 
Coarse sand 500–1000 µm 0.76 2.43 21.51 48.56 8.93 1.67 52.57 6.75 17.90±21.23 
Medium sand 250–500 µm 5.59 5.08 57.52 28.83 12.08 2.30 24.69 18.32 19.30±18.18 
Fine sand 125–250 µm 51.18 64.41 19.45 6.35 36.14 33.96 4.77 39.73 32.00±20.89 
Very fine sand 63–125 µm 38.07 25.71 0.26 0.34 29.97 54.93 1.58 31.28 22.77±20.21 
Coarse silt 38--63 µm 4.26 1.93 0.06 0.10 2.12 5.93 0.28 3.16 2.23±2.13 
Medium silt <38 µm 0.06 0.14 0.00 0.00 0.04 0.29 0.02 0.10 0.08±0.10 
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Figure 12 Sediment particle size distribution 
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4.6 Sediment Chemistry 
The sediment chemistry analysis is summarised below and in Table 11.  The sediment analysis 
indicated the following: 

 There were no detectable levels of organochlorine pesticides; 

 There were no detectable levels of organophosphate pesticides; 

 There were no detectable levels of polychlorinated biphenyls; 

 There were no detectable levels of polyaromatic hydrocarbons; 

 All metals were below NODGDM screening levels; and 

 Normalised tributyltin levels were below NODGDM screening levels. 

 

Table 11 Sediment chemistry 

Parameter Units PQL 
NODGDM 

Screening Maximum 95% UCL 

Antimony mg/kg 0.1 2 25 0.1 
Arsenic mg/kg 0.5 20 70 1.7 
Cadmium mg/kg 0.1 1.5 10 0.1 
Chromium mg/kg 0.5 80 370 11.7 
Copper mg/kg 0.5 65 270 0.9 
Lead mg/kg 1 50 220 1.5 
Mercury mg/kg 0.01 0.15 1 0.1 
Nickel mg/kg 0.5 21 52 0.9 
Silver mg/kg 0.1 1 3.7 0.3 
Zinc mg/kg 0.5 200 410 1.8 
      
Total organic carbona % 0.1 –- –- 0.5a 
Normalised Tributyltin µg Sn/kg 0.5 5 70 1.0 
a TOC expressed as a mean. 
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4.7 Benthic Habitat 
The proposed disposal area is in a natural depression on the western margin of Gage Roads to the 
west of the Deepwater Channel in a designated mooring area for vessels visiting the Port of 
Fremantle.  Distances to the closest sensitive areas are provided in Table 12. 

To the west of the proposed disposal area location is a line of limestone reef between the Straggler 
Reefs and Champion Rock.  The average depth around the reefs is approximately 3–5 m; however, 
number of rocks on these reefs rise above the water surface.  The subtidal environment is 
predominantly macroalgae and encrusting invertebrate life.  Between the reefs and Gage Roads is a 
large expanse of bare sand. 

To the south of the proposed disposal area is Success Bank which is comprised of a large sill of 
coarse calcium carbonate sands running from Straggler Rocks in the west to the coastline south of 
Success Harbour.  The Success Shipping Channel runs through Success Bank providing shipping 
access to Cockburn Sound via Owen Anchorage and Parmelia Channel.  To the east of the Success 
Channel a trench is forming by shell sand extraction.  To the south of the proposed disposal area, 
Success Bank rises to within four metres of the surface.  This area of seabed is covered by seagrass, 
principally climax genera such as Posidonia and Amphibolis, but also pioneering genera such as 
Heterozostera and Halophila particularly in water depths greater than 10 m. 

To the east of the proposed disposal area is a large expanse of bare sand extending to within a few 
kilometres of the coast where limestone outcrops such as Hall Bank rise up from the seabed.  Hall 
Bank has a well developed hard coral community.  The nearshore environment is principally 
broken low relief reef dominated by macroalgae. 

To the north of the proposed disposal area is a massive expanse of bare sand with large patches of 
limestone pavement covered by macroalgae.  Through this area runs the deepwater channel which 
serves as the access route for large vessels visiting the Port of Fremantle. 

Table 12 Distance from the proposed disposal area boundary to sensitive habitats 

Location Distance (km) Bearing 

Straggler Rocks 3.4 234º SW 
Reef between Straggler Rocks and Champion Rock 4.6 270º  W 
Champion Rock 5.4 270º W 
Success Bank northern seagrass meadows (12 m contour) 2.0 180º S 
Mewstone Island 4.3 184º S 
Rowboat Rock 4.4 180º S 
Hall Bank 3.0 90º E 
Marmion Marine Park 15.4 7º N 
Shoalwater Islands Marine Park 26.4 175º S 
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4.7.1 Proposed Disposal Area Habitat 
The eight sites investigated within the proposed disposal area indicated that the area was devoid of 
benthic flora apart from a few small patches of Halophila at site FPA 4.  The habitat at each of the 
eight sites is depicted in the photographs provided in Figure 13 and Figure 14.  The area appears 
to accumulate macroalgal and seagrass wrack.  At the time of the survey, a large quantity of fresh 
material was observed at site FPA 7 in the northern portion of the proposed disposal area.  Divers 
confirmed that material was not attached to the seabed.  The other sites had varying quantities of 
dead and decomposing material. 

No epifauna was observed at any of the sites; however, numerous fishes were observed at all sites.  
These included yellow-finned whiting, southern silverbelly and long-spined flathead. 

FPA 1 – Mooring site N1 
Bare soft sediment 

FPA 2 – Mooring site N2 
Bare soft sediment with accumulations of 
macroalgal and seagrass wrack 

FPA 3 – Mooring site N3 
Bare soft sediment 

FPA 4 – Mooring site N4 
Soft sediment with sparse patches of live 
Halophila seagrass 

Figure 13 Seabed photos at sites FPA 1 to FPA 4 
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FPA 5 – Mooring site N5 
Soft sandy sediment with scattered of 
macroalgal and seagrass wrack 

FPA 6 – Mooring site N6 
Soft sandy sediment with scattered macroalgal 
and seagrass wrack 

FPA 7 – Mooring site A 
Soft sandy sediment with massive 
accumulations of macroalgal and seagrass 
wrack 

FPA 8 – Mooring site B 
Bare soft sandy sediment 

Figure 14 Seabed photos at sites FPA 5 to FPA 8 
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4.7.2 Adjacent Habitat 
The investigation of adjacent habitat was limited to two sites (HAB 1,500 m to the south and 
HAB 2,480 m to the west of the proposed disposal area boundary) based on the benthic habitat 
observed on a satellite image of the area taken on January 11th, 2004 with no cloud cover.  These 
sites do not necessary represent the total benthic habitat in the area but were investigated to 
determine what habitat is closest to the proposed disposal area boundary.  Two locations 
investigated have been plotted on the satellite image (Figure 3).  The panchromatic resolution of 
the image was 0.66 m. 

The benthic habitat to the south of the proposed disposal area appears to be comprised of sparse 
(<12 shoots/m2) small patches (approximately 0.5 m2) of Posidonia and Amphibolis seagrass.  This 
is shown in photographs taken at the site (Figure 15).  The depth of the site was 19.1 m which is 
likely close to the depth limit for these seagrasses, hence their sparseness.  The density of these 
seagrasses increases as the water depth increases towards the top of Success Bank. 

The benthic habitat to the west of the proposed disposal area was comprised of a dense covering of 
Heterozostera seagrass with little or no epiphytic growth on the leaves.  No other species of 
seagrass were observed at the site. 

 

HAB 1 – South of proposed disposal area 
Soft sediment with very sparse small patches of 
Posidonia and Amphibolis 

HAB 2 – West of proposed disposal area 
Soft sediment with dense Heterozostera 

Figure 15 Seabed photos at sites adjacent to the proposed disposal area 
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4.7.3 Infauna 
Infaunal richness and abundance varied between the eight sites sampled in the proposed disposal 
area (Figure 16).  Richness and abundance were greater in the central and south-western regions of 
the proposed disposal area (FPA 4–7). 

The infauna community was comprised of annelids, molluscs, crustaceans, echinoderms, 
sipunculids and nemerteans but the dominant groups were the annelids, molluscs and crustaceans 
(Figure 17). 

The infaunal assemblage in the proposed disposal area is relatively depauperate and of low 
biodiversity compared to similar sediments and water depths in other parts of Western Australia.  
Sample size and replication are sufficient to characterise the general infaunal community structure 
and are not intended for impact assessment purposes. 
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Figure 16 Infaunal species richness and abundance 
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Figure 17 Infaunal community composition 
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4.7.4 Benthic Primary Producer Habitat 
The EPA has developed habitat protection guidelines for Benthic Primary Producer Habitat 
(BPPH).  These guidelines define Benthic Primary Producers Habitat Protection (EPA 2004) as 
communities of marine plants and scleractinian corals along with the substrate that support these 
communities.  Acceptable loss of Benthic Primary Producer Habitat is determined, in part, based 
on the quantity of habitat present at the time of European settlement and are applicable to the 
proposed area to be dredged, in particular, the dredging footprint and adjacent areas where the 
influence of dredging will result in loss of seagrass.   

The proposed channel and area around the port development are located within the Fremantle Port 
Authority limits, which correspond to Category E (Development areas) within the Benthic Primary 
Producer Habitat guidelines.  The allowable cumulative loss threshold of Benthic Primary Producer 
Habitat within Category E, is 10%.  The guidelines state that: 

“Moderate damage/loss of BPPH and/or their associated BPP communities may be acceptable 
where proponents can demonstrate that there are no feasible alternatives to avoid damage/loss 
and/or where proposals are consistent with relevant management plans or with a use of the 
management unit that is consistent with a State Government decision. (e.g. port expansions, 
dredged navigation channels, land reclamations and marinas)”. 

No loss of benthic primary producer habitat will result from disposal of material in the proposed 
disposal area as none presently exists.  It is possible that in the future, when the seabed is shallower 
as a result of sediment disposal, the area may support seagrasses capable of living in the elevated 
light levels resulting from reduced water depth. 

4.8 Regional Perspective 

4.8.1 Fisheries 
From discussions with the Department of Fisheries, it has been identified that a single commercial 
Fishery exists within the region of interest.  Fremantle Octopus operates a year round long line 
operation, with lines up to one kilometre long.  These lines are placed in shallow areas where 
seagrasses dominate the seabed habitat although none are placed within the proposed disposal area. 

Impact on the commercial octopus fishery, Fremantle Octopus is unlikely.  Providing adequate 
notice of intent to work is given, potential impacts are considered slight.  Access by recreational 
users can be controlled by adequate signage and written notification on bulletin boards and 
newsletters.  Regional Director of Fisheries Mr Tony Cappeluti is able to provide assistance on this 
matter prior to commencement of works. 

No commercial fisheries operate within the proposed disposal area. 
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4.8.2 Recreational Use of the Area 
It is understood that recreational use of the area is permitted (activities such as recreational fishing, 
scuba diving, and yachting and jet-skiing).  It has not been designated as an exclusion zone.  The 
area is accessible year round. 

4.8.3 Transportation Routes 
The area of interest lies due west and north of the main Fremantle Shipping Channel, and is a 
designated ‘offshore mooring area’ by Fremantle Ports.  Discussions with the Harbour Master and 
Fremantle Ports have indicated that the seabed can be raised in this area and still accommodate ship 
mooring and transit. 

4.8.4 Marine Parks and Reserves 
No marine parks or reserves have been identified within the area of interest.  The nearest marine 
parks are The Marmion Marine Park, The Shoalwater Islands Marine Park and The Swan Estuary 
Marine Park.  All three parks are outside a five kilometre buffer zone around the area of interest. 

4.8.5 Matters of National Environmental Significance 
An EPBC referral has been submitted to the Department of the Environment and Heritage that 
pertains to dredging of the adjacent Deep Water Channel but did not specifically include the 
establishment of an offshore disposal area.  Matters of National Environmental Significance 
identified for the project area were limited to Protected Species and/or Communities.  Specifically 
this was limited to the southern migration of Humpback Whales and the presence of Southern 
Right Whales.  Appropriate management measures and/or timing of the project will effectively 
minimise any impact to whales. 

While a number of other threatened and migratory species can occur in the project area, all are 
infrequent visitors or unlikely to be affected by dredging activities.  Therefore, any impact will be 
insignificant. 

4.8.6 Listed Threatened Species 
The peak southern migration during mid September through November results in the humpback 
whales using the sheltered Perth waters between Rottnest Island and the mainland as a resting area 
(see Figure 18).  Females with calves are commonly seen during this period.  The peak northern 
migration of humpback whales occurs offshore of Perth along the 200 m contour during mid June 
to late July (see Figure 19).  The northern migration does not bring whales into the Port of 
Fremantle waters or the proposed disposal area. 

Southern right whales are occasionally seen in the Perth Metropolitan waters between mid May to 
the end of September but the area is not recognised as a breeding or resting area (see Figure 20). 
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Figure 18 Humpback whale resting areas in the south west of Western Australia 
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Figure 19 Humpback whale migration 
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Figure 20 Southern right whale migration 
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5. Summary 
The findings of the investigation to determine the suitability of an offshore disposal area in Gage 
Roads at the designated mooring area can be summarised as follows: 

 Particle size distribution 

– The seabed at the eight locations within the proposed disposal area boundary is comprised 
of soft sediment with an average particle size classified as fine sand (125–250 µm); 

– There is some variation in particle size distribution between sites: 

– At sites FPA 3–4 and FPA 7 the sediments were slightly coarser with a greater 
proportion being comprised of medium sand (250–500 µm); 

– The other five sites (FPA 1–2, FPA 5–6 and FPA 8) were similar; however, FPA 6 
had a slightly larger component of very fine sand (63–125 µm). 

 The sediment chemistry analysis indicated the following: 

– There were no detectable levels of organochlorine pesticides; 

– There were no detectable levels of organophosphate pesticides; 

– There were no detectable levels of polychlorinated biphenyls; 

– There were no detectable levels of polyaromatic hydrocarbons; 

– All metals were below NODGDM screening levels; and 

– Normalised tributyltin levels were below NODGDM screening levels. 

 Seabed characteristics 

– The area of the proposed disposal is a natural depression that acts as a sink for soft 
sediments as well as wrack consisting of macroalgae and seagrass.  

– The long shore bottom stress is likely to be low due to the lack of major currents, small 
average total sea state (usually below 1.5 m), low tidal range and the depth of the 
proposed site. 

– The proposed disposal area doesn’t encompass limestone reefs that are present in the 
surrounding areas. 

 Benthic habitat 

– The eight sites investigated within the proposed disposal area indicated that the area was 
devoid of benthic flora apart from a few small patches of the pioneering seagrass 
Halophila. 

– Due to the hydrodynamic and bathymetric conditions the proposed disposal area appears 
to accumulate macroalgal and seagrass wrack. 

– Two similar habitats close to the proposed disposal areas were also investigated: 
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– South site: appears to be comprised of sparse (<12 shoots/m2) small patches 
(approximately 0.5 m2) of Posidonia and Amphibolis sea grass. 

– West site: comprised of a dense covering of Heterozostera seagrass with little or no 
epiphytic growth on the leaves. 

– The guidelines of the Benthic Primary Producers Habitat Protection (EPA 2004) should be 
met as no loss of benthic primary producer habitat will result from disposal of material in 
the proposed disposal area as none presently exists. 

– There are a range of habitat types in the surrounding areas: 

– North:  a massive expanse of bare sand with large patches of limestone pavement 
covered by macroalgae 

– East:  a large expanse of bare sand extending to within a few kilometres of the coast 
where limestone outcrops such as Hall Bank rise up from the seabed.  Hall Bank has a 
well developed hard coral community. 

– South:  Success Bank is a large sill of coarse calcium carbonate sands with areas 
covered by seagrass, principally climax genera such as Posidonia and Amphibolis but 
also pioneering genera such as Heterozostera and Halophila. 

– West:  a line of limestone reef where the subtidal environment is predominantly 
macroalgae and encrusting invertebrate life. 
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6. Conclusions 
The proposed disposal area is considered a suitable site for the relocation of dredge material on the 
basis that: 

 It has the capacity for current and future dredging programs: 

– The site can receive in the order of 14 Mm3 of material; and 

– The site is in close proximity to planned dredging areas. 

 It is situated such that its use would result in minimal environmental impact: 

– the site is stable and not subject to strong currents or wave action; 

– The site does not have habitat that would be adversely affected by disposal; 

– The closest seagrass habitat is at least 2 km to the south; 

– The closest coral habitat is at least 3 km to the east; and 

– The closest limestone reef habitat is 3.3 km to the west; 

 It is situated in an area of low environmental value or already impacted by human activity: 

– Ship anchors have highly disturbed by the seabed; and 

– The sediments in the area, whilst below the NODGDM screening level, are not pristine. 
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7. Recommendations 
It is recognised that to receive a sea dumping permit and approval to use the offshore disposal area 
under the NODGDM, the following studies would be required: 

– Sampling and analysis of the material to be disposed; 

– Numerical modelling of the dredging and disposal process including data gathering of 
parameters such as currents, ambient TSS and light climate; and 

– Determination of the area of potential impact based on numerical modelling, habitat 
mapping and threshold levels for adjacent benthic primary producers. 
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Appendix A-1 Strategic Dredging 
Workshop 
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1. Introduction 
Fremantle Port is an important and integral part of Western Australia’s transport infrastructure.  It 
is the State’s major general cargo port and the Inner and Outer Harbours combined handle 
approximately 93% by value of the State’s seaborne imports and 23% of the value of the State’s 
seaborne exports.  This trade is valued at some $25.7 billion annually.   

The Inner Harbour facilities include Western Australia’s only dedicated container port.  While most 
trades through the port have seen increases in recent years, the greatest growth has been in 
containers.  Over the last five years, container trade through the Inner Harbour has consistently 
exceeded the high growth scenario in the trade forecasts prepared for the Fremantle Inner Harbour 
Port Development Plan (2000).  Also, as part of the international trend towards larger vessels, 
container ships servicing Fremantle Port are more than 80% bigger than those a decade ago. 

Fremantle Port is a strategic part of a network of national container ports and the proposed capital 
dredging work for Fremantle Ports’ Inner Harbour and associated channels is linked to deepening 
work completed or planned for ports in the eastern states.  The Australian Government Export and 
Infrastructure Taskforce (2005) noted that the lack of channel development in one port can have 
impacts on other ports.  For example, if a vessel needs to call at several Australian ports on the one 
voyage then the size of the vessel that can be used is constrained by the shallowest channel.  
Fremantle is very often a first or last port of call for shipping operating between Australia and 
overseas destinations and the Fremantle–Melbourne shipping route is one of the busiest in terms of 
national shipping movements.  

Fremantle Ports is currently able to berth container vessels with a maximum draft of -12.8 m in the 
Inner Harbour, dependent on tide levels.  The -12.8 m draft at Fremantle compares with maximum 
drafts at the other major Australian capital city ports as follows: Sydney -13.8 m, Melbourne -
12.1m, Brisbane -13.5 m and Adelaide -14.2 m.  Melbourne is progressing plans to deepen its port 
to accommodate vessels with 14 m drafts, at which stage Fremantle will be the shallowest container 
port in Australia.  

Capital dredging of the Fremantle Ports’ Inner Harbour is a strategic proposal to maintain 
compatibility with other national container ports and ensure that the ships on route to, or from, the 
eastern states can continue to call at Fremantle.  Without further dredging, larger ships will bypass 
Western Australia and travel to the Eastern States of Australia to load and offload cargo.  
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2. Objectives 
For the purposes of assessing the impacts of dredging and reclamation at Rous Head, the National 
Ocean Disposal Guidelines for Dredged Material (NODGDM) (Environment Australia 2002) 
assessment framework has been used and modified in order to be consistent with the EPA’s EQMF.  
In broad terms the hierarchy to assess the suitability of the Inner Harbour sediments for disposal in 
the Rous Head Reclamation Area from a marine impact and management perspective is as follows: 

Where all marine sediment contaminants are below the NODGDM screening level then no further 
testing will be required. 

Where marine sediment contaminants are above the NODGDM screening level but below 
NODGDM maximum level, the following will be carried out: 

 Elutriate testing undertaken and compared against water quality guidelines (a high level of 
ecological protection applies outside the reclamation area); 

 If water quality guidelines are exceeded then ecotoxicity studies will be undertaken on the 
elutriate samples to determine whether the return water is likely to be toxic. Ecotoxicity testing 
will be undertaken on at least five species from four taxonomic groups as per ANZECC & 
ARMCANZ (2000); and 

 If the return water is likely to be toxic then modelling will be undertaken to determine the area 
of influence of the return water plume. 

 Where the material contains contaminants above the NODGDM maximum level, further 
sediment sampling will be undertaken to delineate “hot spot” area(s).   

 

In order to investigate the suitability of material dredged from the Inner Harbour and eastern 
section of the Entrance Channel (east of South Mole) for land reclamation at Rous Head (see 
Figure 1), sediment within the proposed dredge area was characterised with a sampling and 
analysis programme in accordance with the NODGDM to assess concentrations of potential 
contaminants of concern.  The results of the SAP are reported herein for the Department of 
Environment and Conservation (DEC) to demonstrate compliance with the requirements and 
appropriate screening of sediments with reference to the Contaminated Sites Regulations (2006) 
and associated Contaminated Sites Management Series Guidelines.   

The suitability of the material for disposal to Rous Head will be determined by comparison with the 
Ecological Investigation Levels prescribed in the Assessment Levels for Soil, Sediment and Water 
(Department of Environmental Protection 2001). 
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2.1. Previous Sediment Surveys 

The design of the SAP was based on examination of available information for the Fremantle Port 
Inner Harbour and Entrance Channel including the following: 

 Marine Quality Monitoring Program (Aquatic Science Branch, Department of Water and 
Rivers Commission 2001 to 2007); 

 Fremantle Ports Inner Harbour Maintenance Dredging 2003 Final Monitoring Report. Report 
prepared by SKM for Fremantle Ports (SKM 2003); 

 Summary of geotechnical information from Fremantle Harbour (Golder Associates 1999); and 

 Bathymetric survey data provided by Fremantle Port Authority. 

 

2.2. Structure of the SAP Implementation Report 

This report provides a summary of the following:  

 proposed dredging and excavation works; 

 history of dredging in and adjacent to the Inner Harbour and Entrance Channel; 

 history of sediment surveys and analysis for this area; 

 determination of likely contaminants of concern and their extent; 

 sampling design and rationale; 

 results of the investigations; and 

 laboratory and field Quality Control analyses. 
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 Figure 1 Location of Fremantle Ports’ Inner Harbour and Rous Head Reclamation Area 

 

Inner Harbour 
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3. Overview of Proposed Dredging and Land 
Reclamation 

3.1. Project Description and History 

In 1988 the Environmental Protection Authority (EPA) assessed the proposal by the Fremantle 
Ports to deepen the Inner Harbour to approximately 13 m and to reclaim an area of 27 ha to the 
north of North Mole at Rous Head.  The EPA released its report and recommendations on the 
proposal in August 1988 (Bulletin 342) and the Minister for the Environment issued his approval in 
a statement on 12 October 1988. 

Subsequently, under section 46 of the Environmental Protection Act 1986, the Minister for the 
Environment requested the EPA to report on the proposed extension to the Fremantle Inner 
Harbour Deepening Project.  An Inner Harbour Dredging Environmental Management Plan (EMP) 
was developed and subsequently approved by the EPA in correspondence dated 10 July 2001 
(REF: A/86/87/2). 

A total of 42,000 m3 of material was collected from the Inner Harbour and disposed of at the Rous 
Head Reclamation Area. 

Tenders were called in 2003 to undertake maintenance dredging within the Inner Harbour area and 
Ballast Ham were awarded the contract.  The major areas requiring maintenance dredging (North 
Quay container terminal berth margins, Victoria Quay operational berths and the Entrance 
Channel) were returned to required drafts.  Silt and sand build-up along the berth margins had been 
caused by simple riverine siltation and sediment movement caused by the movement of deep draft 
vessels whilst the sand intrusions within the Entrance Channel had been caused by littoral drift of 
sediments along the coastal zones. 

3.2. Existing Situation 

The Inner Harbour was opened in 1897 after substantial realignment and reclamation work.  It has 
operated as a working port since that time, requiring periodic dredging to ensure viability and to 
maintain declared depths.  The declared depths of the Inner Harbour and Entrance Channel range 
between RL -10.0 m and -13.4 m Low Water Mark Fremantle (LWMF).  

Rous Head, situated at the mouth of the Swan River, is a large port-related industrial estate that was 
created on land reclaimed using material previously dredged from the Inner Harbour.  Reclamation 
works at Rous Head commenced in the late 1980s.  The land is currently used by a variety of port-
related and marine industries. 
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3.3. Proposed Dredging and Reclamation Works 

It is proposed to deepen the Inner Harbour and Entrance Channel, to depths that permit 14 m draft 
ships to utilise the Inner Harbour.  To achieve this, the following work is proposed: 

 Dredging of the Inner Harbour to a depth of RL -15.0 m (LWMF); and 

 Dredging of the Entrance Channel to a depth of RL -16.1 to -16.8 m (LWMF).   

 

Capital dredging of the Inner Harbour and the Entrance Channel (inside and east of South Mole) 
will generate a total volume of approximately 1,650,000 m3 of spoil proposed for placement within 
the Rous Head Reclamation Area.  The section of Entrance Channel outside and west of South 
Mole will also be dredged and is proposed to for offshore disposal.  However, this area is subject to 
a separate sampling and analysis programme and therefore not reported within this document. 
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4. Geology and Geomorphology 
4.1. Inner Harbour and Eastern Section of the Entrance Channel 

The Entrance Channel to Fremantle Port lies between two limestone features, namely Rous Head 
and Arthur Head.  Extensive quarrying, blasting and dredging has modified these structures and 
associated limestone reefs to the current configuration of the area.  This includes blasting and 
dredging of a limestone barrier at the river mouth in 1894, as well as deepening within the harbour 
area itself and reduction of limestone features above the waterline (Golder Associates 1999). 

The type of limestone found on the WA coastline is named ‘Tamala Limestone’, and is also found 
in the Fremantle area.  A simplified description of the Tamala Limestone formation in the seabed 
of Fremantle harbour was given by Golder (1999) and is outlined below.  Depths are given in 
Australian Height Datum (AHD): 

 Above AHD: calcareous cap rock (moderately strong calcarenite) and aeolianite (weakly 
cemented sands); 

 0-10 m below AHD: coral reef (moderately strong limestone); 

 10-30 m below AHD: calcirudite, calcarenite and calcsiltites (calcareous cemented gravel, 
sand and silts) inter-bedded with un-cemented clays and sand horizons; and 

 Greater than 30 m below AHD: glauconitic sandstone (‘Osborne Formation’). 

 

The seabed in the Inner Harbour is highly modified by various dredging programmes.   

Consolidated bedrock in the 10–30 m depth range AHD is generally encountered close to the 
seabed surface in the harbour, covered with a relatively thin veneer of soft sediments.  Siltation 
occurs both as alluvial deposits as well as from an influx or marine sediments carried into the 
harbour on ebb tides.  Shipping traffic also causes sediments to resuspend and deposit within the 
harbour.  Bathymetric surveys have measured an average reduction in the overall harbour depth of 
0.123 m/yr, however, such a reduction does not occur every year (Nicholls 2003). 

The main feature of the Inner Harbour past Berth 2 is dominated by the 200 m wide paleochannel, 
which is a geological river signifying the ancient flow path of the Swan River.  The paleochannel 
runs from the river mouth at Berth 12 towards North Quay where the northern flank cuts beneath 
Berths 8, 9 and 10.  From here the channel swings southwest towards the southern side of the 
harbour, where it cuts beneath Berths C, D, E and F.  The channel enters the sea beneath the 
Fishing Boat Harbour.  In the paleochannel the shallow bedrock gives away to softer sediments, 
where the ancient river cut through the limestone and into the Osborne formation at a depth down 
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to 45 m below LWM.  Thick deposits of softer sediments are found at depths of 30–45 m below 
LWM (Golder Associates 1999; Nicholls 2003).  

Declared depths of the Inner Harbour and Entrance Channel currently range between RL -10.0 m 
and -13.4 m LWMF, with depths decreasing towards the Railway bridge and the mouth of the river.  
Depths flanking the South Quay also decrease slightly. 

4.2. Rous Head 

Rous Head is one of two limestone features, where the Swan River at the time of European 
settlement ran into the ocean.  Both Rous Head and Arthur Head have undergone significant 
development during European settlement and the development of Fremantle Harbour.  

The vast majority of the area of Rous Head has been reclaimed from the sea during a three stage 
reclamation plan, and is reserved for Port installations and consist of port related activity.  At 
present only stage one has been completed.  

The seabed depth within and adjacent to the proposed reclamation area ranges from 3–5 m 
(LWMF) and is comprised of coarse sand over limestone pavement and belongs to the geological 
formation known as the ‘Cottesloe Fringing Bank Unit’. 
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5. Sampling and Analysis 
5.1. Sampling Rationale 

Although approval is not required from the Commonwealth for disposal to Rous Head, the methods 
described within the SAP have been developed in accordance with the National Ocean Disposal 
Guidelines for Dredged Material, and sediment quality results have been compared with the 
NODGDM guidelines values, which are essentially the same as the ANZECC/ARMCANZ (2000) 
guidelines values for as a trigger for further testing whilst the Ecological Investigation Levels have 
been used to determine suitability for land disposal.  The hierarchy to assess the suitability of the 
Inner Harbour sediments for disposal in the Rous Head Reclamation Area from a marine impact 
and management perspective has been described in Section 2.   

For the proposed survey, the number of sample sites and the number of samples have been derived 
from the NODGDM document, which provides a calculation for the number of sample points 
required to sufficiently characterise potential contamination levels of sediments.  The rationale of 
determining the number of sample sites has taken into account the requirements of the 
Contaminated Sites Management Series: Development of Sampling and Analysis Programs, DoE 
(2001), for lateral and vertical characterisation of the dredge material, potential hot spots (where 
applicable) and with regards to the geological characteristics of the area and potential contaminant 
pathways.  Given the extent of prior knowledge of contamination levels and data for the proposed 
dredge area, the low levels of recent contamination reported, the homogeneity of the sediments to 
be dredged and the associated lack of hot spots as discussed in detail below, it is considered that the 
number of samples, as derived from the NODGDM document, will be sufficient to serve as a 
preliminary site investigation to satisfy characterisation of Inner Harbour sediments for use in land 
reclamation at Rous Head.   

5.2. Existing information and Potential Contaminants of Concern 

5.2.1. Fremantle Ports’ Marine Quality Monitoring Programme 

On behalf of Fremantle Ports, the Department of Water, (previously Water and Rivers 
Commission), has collected sediment quality data for the Fremantle Harbour since 2001 on an 
annual basis as part of its Marine Quality Monitoring Program (MQMP), (Water and Rivers 
Commission (now Department of Water), 2001/02 to 2007).  Annual monitoring of sediments has 
been undertaken at locations within the Inner Harbour, on Beacons at Success and Parmelia 
Channels and the Outer Harbour for the following contaminants: 

• Metals (since 2001/02) (As, Cd, Cr, Cu, Hg, Pb and Zn); 

• Metals (since 2007) (Sb, Ni and Ag); 
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• Tributyltin (TBT); 

• Polycyclic Aromatic Hydrocarbons (PAHs) (since 2004): 

• Low molecular weight PAHs (Acenaphthene, Acenaphthylene, Anthracene, Fluorene, 
Naphthalene and Phenanthrene); 

• High molecular weight PAHs (Benzo[a]anthracene, Benzo[a]pyrene, Dibenz[a,h]anthracene, 
Fluoranthene, Chrysene and Pyrene); 

• Other PAHs (Indeno[1,2,3-cd]pyrene, (Benzo[k]fluoranathene and Benzo[ghi]perylene) 

 Total Petroleum Hydrocarbons (TPHs) (2003 only) (C6–C9, C10–C14, C15–C28 and C29–C36). 

 

The annual MQMP monitoring locations are shown spatially in Figure 2 while the GPS 
coordinates are provided in Table 1. 

 
 Figure 2 Inner Harbour Marine Quality Monitoring Program’s monitoring locations 

 

The MQMP sites located in the Inner Harbour were selected on the basis that they sufficiently 
represented the harbour areas considered to have greatest potential for sediment contamination, 
given their proximity to industrial and other port related activities. 
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 Table 1 Coordinates of Inner Harbour Marine Quality Monitoring Progra’s monitoring 

locations 

Site code Description Latitude Longitude 

FP1 Entrance to Inner Harbour 32º 03.444' S 115º 43.514' E 
FP2 Western end within Rous Head Harbour 32º 03.081' S 115º 43.858' E 
FP2-1 Eastern end within Rous Head Harbour 32º 02.939' S 115º 43.992' E 
FP3 Near the old slipway at Victoria Quay 32º 03.278' S 115º 44.213' E 
FP4-1 Pier 49E on Victoria Quay near D Shed 32º 02.964' S 115º 44.713' E 
FP5 Adjacent to Berth 10 on Victoria Quay 32º 02.453' S 115º 44.892' E 
FP6 Adjacent to Berth 4 on North Quay 32º 03.010' S 115º 44.385' E 
FP7 Near traffic bridge upstream from Inner Harbour 32º 02.522' S 115º 45.148' E 
FP8 Blackwall Reach upstream of the Inner Harbour 32º 01.179' S 115º 47.025' E 
NQ1 Pier 40E between Berths 4 and 5 32º 02.775’ S 115º 44.564’ E 
NQ3 Pier 120E between Berths 7 and 8 32º 02.623’ S 115º 44.712’ E 
 

The results of the annual monitoring up to 2007 are summarised below in comparison with the 
NODGDM guidelines: 

• Metals in the sediments were found to be below the guideline screening level at monitoring 
locations between 2002 and 2007, however with the following exceptions: 

• Cadmium at the Northern end of Bulk Cargo Jetty; 

• Copper at Blackwall Reach in the Swan River during 2002–2004 but not since that time; 

• Mercury at six locations in the Inner Harbour (FP3, FP4-1 and FP7–10) and at the Northern 
end of Bulk Cargo Jetty; 

• Lead at the Inner Harbour sites (FP3 and FP4-1) during 2002 and 2004 respectively, Blackwall 
Reach in the Swan River and Beacon K in Parmelia Channel during 2006; 

• Zinc at Blackwall Reach in the Swan River from 2002–2005 and the Northern end of Bulk 
Cargo Jetty from 2004–2005. 

• Mercury was found to be at or above the guideline maximum level at the following locations 
and times: 

• Location FP3 during 2003; 

• Location FP7 during 2004; and 

• Blackwall Reach in the Swan River during 2007. 

• Tributyltin levels in sediments have shown a marked decrease since 2002 when levels were 
found to be above the guideline maximum level in Rous Head Harbour and the Inner Harbour; 
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• Tributyltin levels in sediments are below the NODGDM maximum level, however, are above 
the screening level within Rous Head Harbour, the Inner Harbour, at both ends of the Bulk 
Cargo Jetty and at the Kwinana Bulk Terminal Southern Jetty. 

• The ratio of MBT to total butyltins indicates recent contamination of TBT in the Inner 
Harbour, at the Bulk Cargo Jetty and at the Kwinana Bulk Terminal Southern Jetty; 

• PAHs have generally been at levels below the guideline screening level at monitoring sites 
between 2002 and 2007; although some locations have shown historical elevations.  Locations 
where levels were above the screening level in 2007 include: 

• Acenaphthene at the Northern end of Bulk Cargo Jetty; 

• Acenaphthylene at location FP4-1 in the Inner Harbour and at Blackwall Reach in the 
Swan River; 

• Anthracene, benzo[a]anthracene, benzo[a]pyrene, dibenz[a,h]anthracene, Fluoranthene, 
pyrene and total high molecular weight PAHs at location FP4-1 in the Inner Harbour and at 
the Northern end of Bulk Cargo Jetty; 

• Fluorene, naphthalene, phenanthrene, chrysene, total low molecular weight PAHs and total 
PAHs at the Northern end of Bulk Cargo Jetty; 

• TPHs were found to be below detection at all locations monitored in 2003. 

 
In general, contaminant levels where elevated above NODGDM screening levels were noted to be 
higher at Blackwall Reach, in Rous Head Harbour and at the old slipways (Museum site).  These 
sites are outside of the proposed Inner Harbour/Entrance Channel dredge area (and in the case of 
Blackwall Reach outside of Fremantle Ports’ limits).  Sediments from all MQMP locations in the 
Inner Harbour have shown relatively consistent levels for all screened contaminants over the years.  
There was also no indication of significant hydrocarbon contamination at any sites. 

As the Inner Harbour is a port, there is potential for contaminants, particularly TBT, to accumulate 
in the sediments.  TBT is an effective biocide that has been incorporated into antifouling paint used 
on vessels greater than 25 m in size.  While ships are in port, the TBT is slowly released from the 
painted surface, as the polymer is hydrolysed in seawater (US EPA 1997).  In addition, TBT often 
flakes off as a result of contact with berth fenders.  As a result of its low water solubility and 
lipophilic character, TBT adsorbs readily onto particles and precipitates to the sea bed (Clarkson 
1991).  Previous investigations recorded sediment TBT levels above screening levels (5 ng/g) but 
below ANZECC & ARMCANZ (2000) maximum levels (70 ng/g) in sediments in the Inner 
Harbour (SKM 2003).  

Elevated copper levels were recorded prior to maintenance dredging of the Inner Harbour in 2003 
at three locations within the harbour, i.e. at the berths on the North Quay and Victoria Quay.  In 
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2003, the surface sediments were removed and post-dredging monitoring of water and sediment 
quality indicated a drop in copper levels (as with all heavy metals) to well below screening level 
(see Section 5.2.2). 

5.2.2. Fremantle Ports Inner Harbour Maintenance Dredging Monitoring 2003 

Maintenance dredging carried out in 2003 comprised a total of 42,000 m3 of material collected 
from the Inner Harbour and disposed of at the Rous Head Reclamation Area.  Sampling locations 
in the Inner Harbour and at Rous Head were sampled prior to dredging activities (see Figure 3).  
At the Rous Head extension, sediment samples were collected at two locations (S1–2) while water 
samples were collected at four locations (W1–4).  Sediments were analysed for: 

 PSD; 

 Metals; 

 Organotins (TBT, DBT, MBT); 

 Toxicity Characteristic Leaching Procedure (TCLP) on sample FPA09; 

 Ecotoxicological investigations on two sediment samples (FPA05 and FPA10): 

– Marine algae (Isochrysis aff. galbana) growth; 

– Sea urchin (Heliocidaris tuberculata) fertilisation; and 

– Tiger prawn (Penaeus monodon) acute toxicity. 

 

 Figure 3 Sites sampled during the 2003 Maintenance Dredging Monitoring 
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Metal concentrations in the sediment samples from the Inner Harbour were below the Ecological 
Investigation Levels (EILs) for contaminated sites, with the exception of chromium and lead at a 
number of locations.  Toxicity Characteristic Leaching Procedure tests were conducted on the most 
contaminated sample (FPA09) to test for suitability for reclamation.  The results indicated that 
there was a low acid forming potential and the metals would be unlikely to leach from the spoil if 
placed on land.  The spoil was deemed suitable for disposal to the Rous Head Reclamation Area. 

Tributyltin (TBT) levels in the sediments from the Inner Harbour varied from site to site.  Five of 
the ten samples exceeded the ANZECC & ARMCANZ screening level (5 ng/g); however, none 
exceeded the ANZECC & ARMCANZ maximum level (70 ng/g).  Elutriate testing indicated that 
none of the metals or TBT would exceed guidelines set for water quality in the Inner Harbour but 
copper equalled the guideline value for the waters adjacent to the Rous Head Reclamation Area. 

Ecotoxicological testing was carried out on two samples collected from the Inner Harbour.  These 
ecotoxicological investigations indicated no significant effect on the test organisms in all tests with 
the exception of sea urchin fertilisation success on sample FPA05.  A 7.2% solution of elutriate 
made from the FPA05 sediment sample resulted in the inhibition of fertilisation in 50% of the test 
organisms. 

On the basis of the findings presented in the preceding sections (Sections 5.2.1 and 5.2.2) from the 
MQMP and the monitoring before and after maintenance dredging carried out in 2003, the dredge 
spoil in the Inner Harbour and Entrance Channel is considered “probably clean” in accordance with 
Section 3 in the NODGDM. 

5.2.3. Hot Spots 

As the only potential point source of contamination is TBT from vessels, which is generally 
redistributed via vessel movements and propeller wash, it is considered unlikely for the occurrence 
of ‘hot spots’ of contamination within the proposed dredge area.  Furthermore, interim sweep bar 
dredging is undertaken monthly to “smooth” accumulated sediment mounts adjacent to wharf 
areas, and to move superficial material away from the berth face to deeper water (no material is 
removed during this process).  This process acts further to homogenise and spread surface 
sediments and reduce the likelihood of hot spots. 

5.2.4. Number of Sampling Sites 

According to the NODGDM the appropriate number of samples sites for screening of sediments is 
based on the volume of contaminated spoil to be dredged; therefore, the number of sample sites 
was based on the number of sites to appropriately screen this volume. 



Sampling and Analysis Plan Report 
 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\Appendices\Appendix B Land Disposal SAP Report Rev 0_Final.docPAGE 15 

Geotechnical investigations in the harbour have shown that consolidated material and bedrock 
generally occurs close to the seabed surface in the harbour, covered with a thin veneer of 
unconsolidated sediments (Section 4).  Considered that it is highly unlikely for non-porous 
substrate such as calcarenite to accumulate potential contaminants, potential contamination in the 
harbour is, therefore, likely to occur in the shallow unconsolidated sediments covering the bedrock 
and in the soft sediment found in the paleochannel.  The sediment covering the bedrock is likely to 
be less than  1 m in depth, while the sediments found in the paleochannel are deeper (Golder 
Associates 1999). 

Anthropogenic contamination of seabed sediments are generally accepted to occur in the upper 
sediment layers down to 1 m (Environment Australia 2002).  Metals concentrations analysed from 
sediment samples taken in 2003 prior to the previous maintenance dredging campaign in the Port of 
Fremantle identified low levels of potential contaminants at a few sites sampled in 2003 in the 
upper surface sediments down to 30 cm (SKM 2003).  The number of sites to be sampled for 
potential contaminants during this proposed survey is, therefore, based on the dredge footprint area 
and down to a depth of 1 m, as it is unlikely that contamination will be present in the non-porous 
calcarenite substrate that exists below much of this depth in the Inner Harbour and Entrance 
Channel (Table 2). 

The number of sample sites needed to accurately screen the proposed dredge volume of 
1,650,000 m3 was calculated based on Section 3.3.1 of the NODGDM.  Given that the volume of 
material to be dredged from the Inner Harbour and Entrance Channel and put to reclamation is 
greater than 500,000 m3, the number of sample sites for this SAP was based on the extrapolation of 
the graph in Figure 4 using the equation:  

y = 0.0245 x + 15.547 (R2=0.999) 

where x equals the volume of spoil in thousands of m3 

It was concluded that the area to be dredged in the Inner Harbour and Entrance Channel would not 
be required to be stratified into smaller units and that the areas be treated as a single management 
unit in order to determine the number of sampling sites.  This conclusion has been reached based 
on the following: 

• prior knowledge of historical contamination summarised in Section 5.2 and the distribution of 
potential contaminants in the harbour, 

• the nature of the sediment distribution in the harbour; and 

• ‘sweep bar’ dredging is regularly undertaken on a monthly basis to ‘smooth’ accumulated 
sediment mounts across the harbour seabed. 
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Y = 1.3x10-4 X + 5.0
R2 = 0.996

Y = 2.5x10-5 X + 15.6
R2 = 0.999
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 Figure 4 Number of sample sites per volume of surface material 

 
However, as per Section 3.3 of the NODGDM, the number of sites has been halved given there is 
recent data (<5 years old), (see Section 5.2), for the potential contaminants of concern in the area, 
therefore 28 was the proposed number sample sites (see Table 2). 

 Table 2 Dredge volume and required sample sites  

Volume to be 
sampled 

Depth of potential 
contamination * 

Reduced sample sites due to recent information 
(<5 yrs) 

1,650,000 m3 1 m 28 

*Note: this is based on previous study data from Fremantle Ports’ MQMP results from 2001 to 2007 (Water and Rivers 
Commission (now Department of Water), 2001 to 2007) and monitoring data collected pre and post-maintenance 
dredging in 2003 (SKM 2003). 

In order to characterise the sediment within the Rous Head Reclamation Area, four additional 
sample sites were proposed (see Figure 5).  These sites will provide background levels for 
potential contaminants of concern of sediments in the area to be reclaimed.  

5.2.5. Sample Depth 

Sediment core samples were taken to 1 m (or to corer refusal) and compared against the NODGDM 
screening levels and the Contaminated Sites Management Series EILs.  It is acknowledged that the 
Contaminated Sites Management Series: Development of Sampling and Analysis Programs, DEP 
(2001), requires both lateral and vertical characterisation of the dredge material.  Therefore, in 
order to investigate the level of potential contaminants below 1 m, where the sediment geology 
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allows, 25% of the sample sites were sampled to dredge depth (i.e. 2 m), (or corer refusal).  The 
sites at the Rous Head Reclamation Area were sampled to a depth of 1 m (or to corer refusal). 

5.3. Number of Samples 

Each 1 m core obtained was split into 0–0.5 m and 0.5–1 m sections and sampled individually.  
Where only 0.5 m of sediment was obtained due to shallow refusal, only one sample was obtained.  
If for example, 0.7 m was recovered, then two samples were obtained.  Where a 2 m core is 
obtained, this will be split into 0-0.5 m, 0.5–1 m and 1–2 m and individual samples taken.  The 
total maximum number of samples to be collected from the 28 sample sites within the dredge area 
is provided in Table 3.  This number may vary depending on the depth of corer refusal.  

 Table 3 Sample numbers for sediment chemistry 

Area 
Sampling sites Sample numbers to 

1 m 

(2 per sample site) 

Additional samples for 5 
sites sampled to 2 m 

Sub-total 

Inner Harbour 28 56 5 61 
Adjacent to Rous 

Head 
4 4 n/a 4 

QA/QC1 5 triplicates and 2 field splits 12 

Total 87 
1) Field triplicates (10% of sites rounded up require triplicates i.e. 10 more samples) and field splits (5% of samples 

rounded up require splitting i.e. two more samples), (see Section 3.3.7 of NODGDM). 

 

5.3.1. Sample Site Locations 

According to the DEP (2001) the determination of soil sample locations is “dependant upon the 
characteristics of the site and the contaminants of concern”.  Soil sampling locations may be based 
on knowledge of the site (judgemental sampling), or may be by a set pattern such as: 

• systematic sampling (grid pattern); 

• stratified sampling (sampling of sub areas); 

• random sampling; 

• stratified random sampling (random sampling within sub areas); and 

• composite sampling. 

 

Given the lack of point sources of contamination, the homogeneity of the sediments, previous 
sampling as part the MQMP (2002 to 2007) and previous pre-maintenance dredging sampling in 
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2003, a random sampling pattern has been proposed.  This is also the suggested sample design as 
per the NODGDM. 

Figure 5 shows the sample site locations within the Inner Harbour and Rous Head.  Table 4 
provides the coordinates for the sample sites.  Four randomly chosen sample sites were sampled 
within the reclamation area at Rous Head and were tested for the same parameters as for the Inner 
Harbour.  These four sites were proposed to be utilised to provide background concentrations for 
comparison of parameters within the material to be dredged within the Inner Harbour. 

The selection of sampling locations was undertaken by laying a grid over the dredge area, with at 
least five times as many cells as samples to be collected, and the numbered cells were randomly 
chosen using random number generation.  This random sample sites selection process was 
undertaken using the proprietary software Hawths Analysis Tools Version 3.21.   
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 Figure 5 Location of Sediment and Analysis Plan Sample Sites within the Inner 
Fremantle Harbour  
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 Table 4 Sampling site coordinates for Dredge Area 
Sampling Site ID Easting Northing 

Inner Harbour and Entrance Channel East of South Mole Sites 
1 382059.8 6454164.4 

2 380347.5 6452848.0 
3 380390.2 6452761.0 
4 381272.7 6453680.8 
5 381106.9 6453254.4 
6 381570.2 6453813.0 
7 380939.9 6452976.8 
8 380669.0 6452948.5 
9 381541.4 6453624.3 
10 381834.9 6454184.2 
11 380653.0 6452789.2 
12 381549.8 6454002.5 
13 381417.7 6453277.4 
14 381947.3 6454375.0 
15 381909.9 6453958.5 
16 382004.9 6454271.9 
17 381112.6 6453375.0 
18 380831.9 6452955.5 
19 381548.7 6453931.1 
20 381779.1 6454048.1 
21 381555.6 6453590.7 
22 381739.6 6454157.2 
23 381546.9 6453839.1 
24 381697.9 6453626.2 
25 381288.5 6453179.9 
26 381419.0 6453587.8 
27 381122.4 6453074.9 
28 381018.7 6453083.9 

Rous Head Sites 
1 380794.8 6454051.8 
2 380792.1 6454252.5 
3 380500.5 6454061.9 
4 380407.9 6453975.6 

Datum is MGA94 Zone 50H 
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5.3.2. Analytical parameters 

5.3.2.1. Chemical testing 

For reclamation purposes, the dredged material was tested for parameters relevant to soil in the 
Assessment Levels for Soil, Sediment and Water (DoE 2003).  A complete list of these parameters 
is provided in Table 5.  The samples were tested and the results compared to these EILs and the 
NODGDM screening and maximum levels to investigate if the spoil is suitable for disposal to the 
Rous Head reclamation area.  Other parameters that were tested will include: 

• In addition to these parameters relevant to the testing of soil, the samples will also be tested 
for Tributyltin (TBT) and Total Organic Carbon (TOC) (for normalisation purposes) and 
compared against the NODGDM levels and the DoE (2003) assessment levels for 
sediments, in the absence of soil EILs. 

• Particle size distribution (PSD) will also be determined for the purpose of sediment plume 
modelling.  

• 50% of samples will be tested for inorganic sulphur during Acid Sulphate Soils testing as 
discussed below. 

• Samples adjacent to Rous Head will be tested for the same parameters as those within the 
Inner Harbour. 

 
Given the Fremantle Port area is deemed to be of ‘high to moderate Acid Sulphate Soils 
disturbance risk (<3 m from surface), (Acid Sulphate Soil Risk Map, Swan Coastal Plain, 
(www.dec.wa.gov.au))’, the sediment will be ‘field tested’ to screen for the potential for formation 
of acidic soils.  Fifty percent of sample sites will be analysed for Acid Sulphate Soils using 
SPOCAS and CRS tests. 

• The following parameters from Table 5 (DoE 2003) will not be included in the analysis for 
the following reasons: 

• Cyanide, as there are no known sources in the Swan-Canning River system, or Fremantle 
Port. 

• Phenols, as these are highly unlikely to be an issue in marine sediments. 

• Acid volatile sulphides and sediment pore water analysis will not be tested for, given the 
purpose of these tests is to determine bioavailability of contaminants in an aquatic 
environment.  This is not relevant as the dredged sediment is proposed for disposal to land 
reclamation.  
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 Table 5 Soil quality assessment criteria 
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Source:  (DoE 2003). 
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5.4. Sampling Procedures 

5.4.1. Sample Collection 

Sediments in the area to be sampled were generally comprised of a thin layer of sandy sediment 
overlying rocky substrate with the exception of some sites particularly those in the paleochannel.  
Samples were taken to 0.5 m in most instances due to refusal; however, at some sites penetration to 
1 m was possible but sampling to 2 m was not possible.  Sediment samples were collected using 
polycarbonate cores by commercially qualified scientists certified to AS2815.1 on SCUBA.  
Between sampling events, the sediment core was thoroughly washed in Decon 90 and rinsed with 
seawater from the site.  The time and date of sampling at each site was recorded as will the 
description of the sediment core contents. 

5.4.2. Sample Handling, Preservation, Storage and Transportation 

Upon returning to the surface the whole sample was placed directly into an appropriate container 
(see Table 6) and kept at 4°C until the end of the day where all samples were frozen.  Samples for 
sediment chemistry were transported by refrigerated truck and consigned to the laboratory for 
analysis within 1–2 days.  Samples were analysed immediately; however, if short-term storage was 
required by the laboratory it will be in accordance with Table 6. 

 Table 6 Summary of sample containers, preservation, storage and transportation 

Parameter Container Preservation and Storage Transportation 

Metals 250 mL Glass jar, 
Teflon lined lid. 

180 day holding time – chilling to 4ºC 

Refrigerated 
truck to 
laboratory ~1–2 
days 

TOC 250 mL glass jar with 
Teflon lined lid 

14 day holding time for extraction – chilling 
to 4ºC 

TBT and 
moisture content 

250 mL glass jar with 
Teflon lined lid 

TBT – 120 day holding time if frozen. 
Moisture content – NEPM recommends a 7 
day holding time. 

PSD 500 g in a plastic zip 
lock bag 

No specific holding time.  Freezing not 
required 

TPH (semi 
volatile), PAHs, 
PCBs and 
pesticides 

250 mL glass jar with 
Teflon lined lid 

14 day holding time for extraction – chilling 
to 4ºC 

TPH (volatile) 250 mL glass jar with 
Teflon lined lid 

14 day holding time for analysis – chill to 
4ºC 

Sediments for 
elutriate testing 

Large glass jar with 
Teflon lined lid 

Completely fill and refrigerate 

Note:  Metals, moisture content, TBT and TOC can all be obtained from the 1 x 250 mL jar. 
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5.4.3. Health and Safety Precautions 

In water sediment sampling was conducted by commercially qualified scientific divers (AS2815.1) 
on SCUBA.  All diving practices were in accordance with AS2299.1 following a detailed Dive 
Operations Safety Plan.  The Dive Plan included a definition of hazards, a risk assessment, risk 
mitigation measures and an emergency plan.  Activities aboard the vessel were subject to a safety 
analysis prior to commencement of work and all activities were monitored by the skipper for 
compliance and for continual improvement. 

5.4.4. Analytical Laboratories 

The method and analytical Practical Quantitation Limits (PQLs) for the sediment analyses 
performed for all sites in this SAP are provided in Table 7.  Analyses was undertaken by 
laboratories that were accredited under NATA for the parameters to be measured.  Samples were 
consigned using a chain of custody to the ALS laboratories ((NATA 825) for analysis. 

5.4.5. QA/QC Procedures 

The laboratories used for analysis were NATA certified for the parameters being measured.  As 
part of their procedures they undertake the required blanks, testing of standards and replicate tests 
to the satisfaction of the NATA requirements and this data reported.  Sinclair Knight Merz is 
certified to ISO9001 and as such ensures all documentation and procedures adhere to the standard. 

In addition, a total of five triplicates (10% of the samples) to determine variability of the sediment 
physical and chemical parameters and two field splits (5% of samples) homogenised and split into 
two containers to asses variation associated with sub-sample handling. 
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 Table 7 Analytical methods and  Practical Quantitation Limits for sediment analyses 
Parameter Units Number of 

Sites Method PQL

TPH: 
C6-C9 
C10-C14 
C15-C28 

 
mg/kg 
mg/kg 
mg/kg 

 
All Sites 
All Sites 
All Sites 

 
GC-FID - EP071 
GC-FID - EP071 
GC-FID - EP071 

 
10 mg/kg 
50 mg/kg 
100 mg/kg 

Antimony mg/kg All Sites ICP-MS – EG020T 5 mg/kg 
Arsenic mg/kg All Sites ICP-MS – EG020T 5 mg/kg 
Barium mg/kg All Sites ICP-MS – EG020T 10 mg/kg 
Cadmium mg/kg All Sites  ICP-MS – EG020T 1 mg/kg 
Chromium mg/kg All Sites  ICP-MS – EG020T 2 mg/kg 
Cobalt mg/kg All Sites ICP-MS – EG020T 2 mg/kg 
Copper mg/kg All Sites  ICP-MS – EG020T 5 mg/kg 
Lead mg/kg All Sites  ICP-MS – EG020T 5 mg/kg 
Manganese mg/kg All Sites ICP-MS – EG020T 5 mg/kg 
Mercury mg/kg All Sites  FIMS – EG035T-LL 0.1 mg/kg 
Molybdenum mg/kg All Sites ICP-MS – EG020T 2 mg/kg 
Nickel mg/kg All Sites ICP-MS – EG020T 2 mg/kg 
Silver mg/kg All Sites ICP-MS – EG020T 2 mg/kg 
Zinc mg/kg All Sites ICP-MS – EG020T 5 mg/kg 
PSD % All Sites  Wet sieving - SUBCON - 
Moisture content % All Sites  EA055 0.1% 
Total Organic Carbon %w/w All Sites LECO after acid 

treatment – EP005 
0.02% 

Normalised TBT µg Sn/kg All Sites GCMS – EP090 0.5 µg Sn/kg
Pesticides: 
Individual Organochlorine Pesticides 
Total Organochlorines Pesticides 
Individual Non-chlorinated Pesticides 
Total Non-chlorinated Pesticides 
Dieldrin 
Chlordane 
DDT + DDD + DDE 
Heptachlor 

 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 

 
All Sites  
All Sites  
All Sites  
All Sites  
All Sites  
All Sites  
All Sites  
All Sites  

 
GC-MS – EP068A 
n/a 
GC-MS-EP068B 
n/a 
GC-MS – EP068A 
GC-MS – EP068A 
GC-MS – EP068A 
GC-MS – EP068A 

1 ppb or 
µg/kg 

 

Total PCBs mg/kg All Sites GPS/Florisil/GCµECD - 
EP131B 

10 µg/kg 

PAHs mg/kg All Sites GPC-GC/MS-SIM – 
EP132A&B 

10 µg/kg 

Acid Sulphate Soils in situ mg/kg All sites ASS Field Screening – 
EA037 

- 

Acid Sulphate Soils – SPOCAS suite 
and CRS 

mg/kg 20% of sample 
sites 

Chromium Suite – 
EA033 
SPOCAS – EA029 

- 

 

5.4.6. Data Management Procedures 

Data management will be to ISO9001 requirements.  All data were validated prior to reporting.  
Specifically, sediment TBT levels will be standardised to 1% TOC prior to any analysis.  Data were 
tested for normality using the Shapiro-Wilks Test and, depending upon the results (normal or log-
normal), the 95% UCL will be calculated for all sediment quality parameters as follows: 
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(1) Normal Data 
n
stXaverageUCL n 1, −+= α  

 where: X  is the arithmetic average of the sample measurements 
 α is the level of significance of 0.05 
 n is the number of sample measurements 
 s is the standard deviation of the sample measurements 
 1, −ntα  is the test statistic (Student’s t for α and n-1 degrees of freedom) 

 
(2) Log-normal data Log-normal data will be statistically analyses by normalising the data by 

transforming it (log or arcsine square root which ever provides the best 
normalisation) and then using the previous 95% UCL calculation.  The 
95% UCL would then be reverse-transformed to allow comparison with 
the NODGDM.  Alternatively, the Bootstrap method using Monte Carlo 
re-sampling techniques (i.e. by randomly selecting values from the 
original sample set) can be used should the transformation process prove 
unsuccessful. 

 
The resulting 95% UCLs will be compared to the EIL assessment levels for soils for each sample 
site where triplicates have been taken and across sample sites at corresponding similar depths.  
Where single samples at a site have been taken and analysed, these will be directly compared to the 
soil EILs. 

The Suspension Peroxide Oxidation Combined Acidity and Sulphate (SPOCAS) method was 
utilised for sediment samples which were analysed in the laboratory. 
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6. Results 
6.1. Interim Sediment Quality Guidelines 

6.1.1. Concentrations of analytes recorded within sediments 

Sediment samples were taken from both Rous Head and Inner Harbour at varying depths and 
analysed for a range contaminants as outlined in the Contaminated Sites Management Series 
guidelines (Potentially Contaminating Activities, Industries and Landuses, Department of 
Environment, 2004).  

Table 8 through Table 10 below summarise the sediment concentrations of metals and TBT, PBCs 
and organochlorine pesticides and hydrocarbons respectively.  Further information regarding 
analyte concentrations at all sampling locations can be observed in the laboratory reports, which 
may be provided on request.   

 Table 8 Sediment metals and TBT from the Inner Harbour and Rous Head 

Parameter Units PQL 
NODGDM Guidelines 

EILs a 
Sediment Concentration (95% UCL) 

Screening Maximum Inner Harbour 
(0–50 cm) 

Inner Harbour 
(50–100 cm) 

Rous 
Head 

METALS 

Antimony mg/kg 5 2 25 20 <PQL <PQL <PQL 

Arsenic mg/kg 5 20 70 20 4.0 3.6 <PQL 

Barium mg/kg 10 – – 400 6.9 8.2 <PQL 

Cadmium mg/kg 1 1.5 10 3 <PQL <PQL <PQL 

Chromium mg/kg 2 80 370 50 14.6 15.6 7.5 

Cobalt mg/kg 2 – – 50 <PQL <PQL <PQL 

Copper mg/kg 5 65 270 60 14.9 16.5 <PQL 

Lead mg/kg 5 50 220 300 14.6 19.8 <PQL 

Manganese mg/kg 5 – – 500 19.7 24.0 6.8 

Mercury mg/kg 0.1 0.15 1 1 0.15 0.94 <PQL 

Molybdenum mg/kg 2 – – 40 3.0 3.1 <PQL 

Nickel mg/kg 2 21 52 60 2.2 2.4 <PQL 

Silver mg/kg 2 1 3.7 – <PQL <PQL <PQL 

Zinc mg/kg 5 200 410 200 26.8 32.6 <PQL 

TOC % 0.02 – – – 0.7 1.0 0.1 

Tributyltin b (µg Sn/kg) 0.5 5 70 50000 62.5 30.0 1.3 

a Assessment Levels for Soil Sediment and Water, Department of Environment, 2003 
b Normalised to 1% TOC 
Note:  Exceedances above the EIL are in bold. 
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 Table 9 Sediment PCBs and pesticides from the Inner Harbour and Rous Head 

Parameter Units PQL 
NODGDM Guidelines 

EILs a 
Sediment Concentration (95% UCL) 

Screening Maximum Inner Harbour 
(0–50 cm) 

Inner Harbour 
(50–100 cm) 

Rous 
Head 

Total PCBs b µg/kg 5 23 – 1000 8.3 10.3 12.5 

Organochlorine Pesticides b 

pp'-DDD µg/kg 50 2 20 – 83 103 125 

pp'-DDE µg/kg 50 2.2 27 – 83 103 125 

pp'-DDT µg/kg 200 1.6 46 – 333 413 500 

Total DDT+DDD+DDE µg/kg 300 – – 1000 500 619 750 

Dieldrin µg/kg 50 0.02 8 200 83 103 125 

alpha-Chlordane µg/kg 50 0.5 6 500 83 103 125 

gamma-Chlordane µg/kg 50 0.5 6 500 83 103 125 

Lindane µg/kg 50 0.32 1 500 83 103 125 

Endrin µg/kg 50 0.02 8 500 83 103 125 

alpha-BHC µg/kg 50 – – 500 83 103 125 

beta-BHC µg/kg 50 – – 500 83 103 125 

delta-BHC µg/kg 50 – – 500 83 103 125 

Aldrin µg/kg 50 – – 500 83 103 125 

alpha-Endosulfan µg/kg 50 – – 500 83 103 125 

beta-Endosulfan µg/kg 50 – – 500 83 103 125 

Endosulfan sulphate µg/kg 50 – – 500 83 103 125 

Endrin Ketone µg/kg 50 – – 500 83 103 125 

Heptachlor µg/kg 50 – – 500 83 103 125 

Heptachlor epoxide µg/kg 50 – – 500 83 103 125 

Methoxychlor µg/kg 200 – – 500 333 413 500 

Total OCs µg/kg 1250 – – 1000 2084 470 3125 
a Assessment Levels for Soil Sediment and Water, Department of Environment, 2003 
b Normalised to 1% TOC 
Note:  Exceedances above the EIL are in bold. 
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 Table 10 Sediment hydrocarbons from the Inner Harbour and Rous Head 

Parameter Units PQL 
NODGDM Guidelines 

EILs a 
Sediment Concentration (95% UCL) 

Screening Maximum Inner Harbour 
(0–50 cm) 

Inner Harbour 
(50–100 cm) 

Rous 
Head 

Total Petroleum Hydrocarbons b 

C6-C9 mg/kg 10 – – 100 25 82 237 

C10-C14 mg/kg 50 – – 500 126 412 1187 

C15-C28 mg/kg 100 – – 1000 252 823 2374 

C29-C36 mg/kg 100 – – – 252 823 2374 

Polycyclic Aromatic Hydrocarbons b 

Acenaphthene µg/kg 500 16 500 – 834 1032 1250 

Acenaphthylene µg/kg 500 44 640 – 834 1032 1250 

Anthracene µg/kg 500 85 110 10000 834 1032 1250 

Fluorene µg/kg 500 19 540 – 834 1032 1250 

Naphthalene µg/kg 500 160 2100 5000 834 1032 1250 

Phenanthrene µg/kg 500 240 1500 10000 882 1032 1250 

Low Mol Wt PAHs µg/kg 3000 552 3160 – 5036 6189 7500 

Benzo[a]anthracene µg/kg 500 261 1600 – 869 1032 1250 

Benzo[a]pyrene µg/kg 500 430 1600 1000 851 1032 1250 

Dibenzo[ah]anthracene µg/kg 500 63 260 – 834 1032 1250 

Chrysene µg/kg 500 384 2800 – 855 1032 1250 

Fluoranthene µg/kg 500 600 5100 10000 965 1032 1250 

2-methylnaphthalene µg/kg 500 70 670 – 834 1032 1250 

Pyrene µg/kg 500 665 2600 10000 942 1032 1250 

High Mol Wt PAHs µg/kg 5500 1700 9600 – 6098 7221 8750 

Total PAHs µg/kg 8500 4000 45000 20000 11116 13410 16250 
a Assessment Levels for Soil Sediment and Water, Department of Environment, 2003 
b Normalised to 1% TOC 
Note:  Exceedances above the EIL are in bold. 
 

6.2. Metals and Metalloids 

Only mercury in the deeper sediments (50–100 cm) exceeded the NODGDM screening guideline.  
This exceedance, therefore, required the testing of elutriates (see Section 7).  None of the metals in 
surface and subsurface sediments exceeded the EIL guidelines for land disposal. 

6.3. Organotins 

Concentrations of normalised TBT recorded in surface and subsurface sediments exceeded the 
NODGDM screening level but not the maximum level.  TBT (expressed as tin) did not exceed the 
EIL guidelines for land disposal. 
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6.4. Organochlorine Pesticides 

A number of organochlorine pesticides in surface and subsurface sediments exceeded the 
NODGDM maximum levels by varying orders of magnitude.  Pesticides which exceeded the 
NODGDM maximum levels in sediment included pp’-DDD, pp’-DDE, pp’-DDT, Dieldrin, Alpha 
Chlordane, Gamma Chlordane, Lindane and Endrin.  Contaminants of concern exceeded the 
NODGDM maximum levels by a factor of 3.1 times the value (pp’-DDE) to 83.4 times the value 
(Lindane).  These exceedances, therefore, required the testing of elutriates (see Section 7).   

However, the organochlorine pesticide levels at Rous Head were higher than those found in the 
Inner Harbour.  None of the individual organochlorines exceeded the EIL guidelines for land 
disposal; however, the total organochlorine level did. 

6.5. Total Petroleum Hydrocarbons (TPH) 

Concentrations of normalised total petroleum hydrocarbons could not be compared to the 
NODGDM because there are no screening or maximum levels for these contaminants.  None of the 
individual or summed TPH levels in surface and subsurface sediments exceeded the EIL guidelines 
for land disposal.  However, the TPH levels in sediments at Rous Head were higher than those 
found in the Inner Harbour.   

6.6. Polycyclic Aromatic Hydrocarbons (PAHs) 

Most concentrations of normalised total PAHs in surface and subsurface exceeded the NODGDM 
maximum levels.  These exceedances, therefore, required the testing of elutriates (see Section 7).   

None of the individual or summed PAH levels in surface or subsurface sediments exceeded the EIL 
guidelines for land disposal.  In most cases, the PAH levels at Rous Head were higher than those 
found in the Inner Harbour.   

6.7. Acid Sulphate Soils 

Acid Sulphate Soils (ASS) are naturally occurring soils, sediments and peats that contain iron 
sulphides, predominantly in the form of pyrite materials.  ASS are widespread around coastal 
regions and are of a particular concern in estuarine systems  

ASS are benign when in a waterlogged environment; however, when exposed to the atmosphere 
they become oxidised and results in the production of sulphuric acid.  The acid can cause 
breakdown of the soil structure releasing aluminium and other metals, precipitates and nutrients 
(DoE 2006). 
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A number of activities can contribute to the oxidation of ASS, dredging operations being one of 
them.  Once ASS has been disturbed it can have significant consequences such as loss of 
biodiversity and fish kills, loss of visual amenity and an increase in heavy metal concentrations.  

The preferred option for areas identified as potentially containing ASS is to avoid disturbance.  If 
disturbance is unavoidable, every reasonable step should be taken to minimise the disturbance and 
any adverse environmental impacts through appropriate management techniques. 

DEC has compiled maps of Acid Sulphate Soils (ASS) risk areas for several coastal regions of 
WA.  These provide a broad-scale indication of the areas where ASS are most likely to exist.  The 
ASS risk maps are not intended to provide site specific ASS information but rather a broad scale 
identification of where the ASS layers are present (www.dec.wa.gov.au, last accessed on 
22/01/2008).  The risk map identifies the Inner Harbour and Rous Head as high risk ASS area and 
as such further information was required on the nature and extent of ASS in this area. 

6.7.1. Investigation Results 

The Suspension Peroxide Oxidation Combined Acidity and Sulfate (SPOCAS) method was utilised 
for sediment samples which were analysed in the laboratory.  It provides a measurement of the 
maximum oxidisable sulphur, Titratable Actual Acicidty, Titratable Peroxide Acidity and the 
potential Acid Neutralising Capacity present in the sediment sample.  The SPOCAS method allows 
the net acidity of samples to be determined (DoE 2006).  The discussion below outlines the results 
of the SPOCAS analysis. 

The results of the SPOCAS tests on sediment samples may be provided on request. 

pHKCl:  This provides an indication of Actual Acidity.  Determination of Actual Acidity is 
necessary on soil with a laboratory pHKCL less than 5.5; however, this does not detect any 
unoxidised sulfides (e.g. Potential Acid Sulfate Soils-PASS).  The results for pHKCL show high 
pH values, indicating basic conditions, with the lowest recorded pH being 9.35.  This is to be 
expected as marine muds which are water logged and commonly have a pH greater than 7 (this 
reflects seawater influence which has a pH of 8.2 (DoE 2006).  Therefore the oxidation potential 
requires analysis. 

pHOx:  This parameter provides an indication of the potential acid sulfate soil (PASS) or stored 
acidity within the profile. When the pHOX is less than 3, then this indicates that PASS is likely.  
From the results it can be seen that the pHOX values are quite high with the lowest value being 
7.75. This is indicates that PASS is unlikely; however, the test is qualitative, it simply provides an 
indication of whether sulfides may occur (DoE 2006).   
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The Acid Neutralising Capacity (ANC) is a measure of the soils ability to buffer acidity and resist 
the lowering of pH.  The ANC may be provided by dissolution of calcium and or magnesium 
Carbonates (shell or limestone), cation exchange reactions and by reaction with the organic and 
clay fractions (Acid Sulphate Soils Management Series guidelines).  Results from the Inner 
Harbour sediments demonstrate that the ANC is generally high ranging from 11.7% CaCO3 to 44% 
however the effectiveness of this buffering capacity is dependent on the type and quantities of clay 
minerals in the soil, the type and amount and particle size of carbonates or other mineral present. 

In accordance with DEC Acid Sulphate Soils Management Series guidelines that for material that is 
going to be disturbed in excess of 1,000 m3 that a trigger level of 0.03% (sulphur) is adopted. 

The most accurate conclusions can be drawn when analysis of the Acid-Base Accounting (ABA) is 
completed.  ABA allows measurement of the net effect of acid generating processes in the soil, 
balanced against the acid neutralising (or basic) components that maybe present.  It can be seen 
from the results that Net Acidity ranged from 0.04% to 0.47% and as such the trigger level was 
exceeded at each sampling location.  Based on these results management will be required in order 
to mitigate the effects of dredging.  Included in the ABA is a liming rate expressed as kg CaCO3 per 
tonne of material.  The liming rates vary from 2 kg/tonne to 22 kg/tonne.  In order to adopt a 
conservative approach the highest liming rate may be adopted and applied to all dredged material.  

6.8. Quality Control 

6.8.1. Laboratory Quality Control Analyses 

Analytical quality control data (blanks, duplicates and spiked samples) for the various sediment 
analyses are contained in the laboratory reports, which will be provided on request.  All laboratory 
test parameters met NATA criteria. 

6.8.2. Field Quality Control Samples 

The quality control data for the field samples (triplicates and split samples) are provided as relative 
standard deviation (RSD) and relative percent difference (RPD) of each parameter for the Inner 
Harbour in Table 11.  Section 3.6 of the NODGDM indicates that the RSD for a series of 
triplicates samples should be less than 50% whereas the RPD for split samples should be less than 
35%.   

There were insufficient QA/QC samples containing the organics OC pesticides, PAHs and PCBs to 
undertake a valid comparison of RSD or RPD.  There were also insufficient samples collected 
below 50 cm to undertake a valid comparison of RSD or RPD.   

The results of the field quality control samples were as follows: 
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 The RSD was below the 50% criterion for all parameters in all triplicates from the Inner 
Harbour. 

 The RPD in all splits was below the 35% criterion for all parameters with the exception of the 
following: 

– Zinc – this is a reflection of very small changes in concentration at very low levels 
representing a large percentage change. 

– TOC – this is a reflection of very small changes in concentration at very low levels 
representing a large percentage change. 

– TBT – this is a reflection of the heterogeneous nature of TBT, often comprised of paint 
flakes, not being uniformly distributed between split samples and is a common 
occurrence. 

 
 Table 11 Quality control data for the Inner Harbour 

Parameter Units PQL RSD 50% RPD 35% 

Antimony mg/kg 5 0.0% 0.0% 
Arsenic mg/kg 5 7.3% 0.0% 
Barium mg/kg 10 12.1% 0.0% 
Cadmium mg/kg 1 0.0% 0.0% 
Chromium mg/kg 2 6.1% 9.7% 
Cobalt mg/kg 2 0.0% 0.0% 
Copper mg/kg 5 3.9% 27.0% 
Lead mg/kg 5 4.3% 21.1% 
Manganese mg/kg 5 6.8% 13.0% 
Mercury mg/kg 0.1 37.1% 0.0% 
Molybdenum mg/kg 2 8.2% 0.0% 
Nickel mg/kg 2 5.2% 0.0% 
Silver mg/kg 2 0.0% 0.0% 
Zinc mg/kg 5 13.4% 55.3% 
TOC µgSn/kg 0.02 15.3% 69.1% 
Tributyltin % 0.5 11.3% 89.3% 
Note:  Values in bold exceed the RPD criteria of 35% or RSD criteria of 50%. 

 
These datasets indicate that the sampling program and subsequent analysis of metals and TBT were 
within specification and agreed level of variability for replicates.  Split samples, however, were 
more variable due to concentrations being close to or below PQL levels resulting in large 
percentage changes from very small changes to concentrations.  It is often the case that RPDs 
exceed the required criterion when levels are at such low levels.   
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6.8.3. Holding Times 

All holding times stipulated in the NODGDM were adhered to with the exception of the 14 day 
holding time stipulated for analysis of sediments for organics, including TBT.  The NODGDM 
recommends analytical procedures specified by the USEPA or other procedures that have been 
validated on USEPA methods (see Section 3.5.3 of the NODGDM).  The grouping of organotins 
with the general semivolatile organics such as PAHs and organochlorine pesticides has been argued 
as flawed and not strictly based on scientific grounds, with regard to holding times, particularly 
given that the chemistry of organotins is entirely different to semivolatiles such as PAHs and 
pesticides (Quevauviller and Donard 1991).  In fact, current knowledge on the stability of 
organotins indicates that they are very stable in both sediments and seawaters if stored in the dark 
under cold storage conditions, (refer to example Tables 7 and 8, page 10 in Quevauviller and 
Donard (1991)).  This shows that organotins are stable in cold storage for up to 120 days in 
sediments.  It is therefore considered that for all samples, the potential for the concentrations of 
TBT present to be altered by analysis outside NODGDM holding times for organics of 14 days is 
not significant. 
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7. Further Testing 
For the purposes of assessing the impacts of dredging and reclamation at Rous Head, the hierarchy 
to assess the suitability of the Inner Harbour sediments for disposal in the Rous Head Reclamation 
Area from a marine impact and management perspective has been agreed in the Environmental 
Scoping Document and is as follows: 

• Where all marine sediment contaminants are below the NODGDM screening level then no 
further testing will be required. 

• Where marine sediment contaminants are above the NODGDM screening level but below 
NODGDM maximum level, the following will be carried out: 

• Elutriate testing undertaken and compared against water quality guidelines (a high level of 
ecological protection applies outside the reclamation area); 

• If water quality guidelines are exceeded then ecotoxicity studies will be undertaken on the 
elutriate samples to determine whether the return water is likely to be toxic. Ecotoxicity testing 
will be undertaken on at least five species from four taxonomic groups as per ANZECC & 
ARMCANZ (2000); and 

• If the return water is likely to be toxic then modelling will be undertaken to determine the area 
of influence of the return water plume. 

• Where the material contains contaminants above the NODGDM maximum level, further 
sediment sampling will be undertaken to delineate “hot spot” area(s).   

 

Elutriate testing is, therefore, the next stage in further testing required due to exceedance of 
NODGDM screening levels for PAHs, pesticides, TBT and PCBs.  

7.1. Elutriate testing 

Elutriation testing has been carried out because sediment contaminants for several parameters were 
above the NODGDM screening level.  Sediment samples for elutriate analysis were collected from 
10 sites in the Inner Harbour (see Table 13).   

Samples were collected using polycarbonate cores by a scientific diver on SCUBA.  Between 
sampling events, the sediment core were thoroughly washed in Decon 90 and rinsed with seawater 
from the site.  Samples were placed in appropriate containers supplied by the laboratory and stored 
in accordance with the NODGDM (see Table 12). 
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 Table 12 Sample containers, preservation, storage and transportation 

Parameter Container Preservation and 
Storage Transportation 

Metals 1 x 250 mL glass jar and 1 L of 
seawater per sample 

Refrigerated 
Transported to 
laboratory at <4°C 
within 1–2 days 

TBT 1 x 250 mL glass jar and 1 L of 
seawater per sample 

PAHs 1 x 250 mL glass jar and 1 L of 
seawater per sample 

 

7.1.1. Elutriate testing results from Inner Harbour 

The levels of contaminants in elutriated samples give an indication of the soluble materials that 
might be expected in the return water from the reclamation.  This is of particular interest given that 
the material is proposed for land disposal to Rous Head and the tailwater will be discharged to the 
nearby marine environment.  Elutriate testing was undertaken and compared against water quality 
guidelines to determine if the return water is likely to be toxic in the marine environment (a high 
level of ecological protection applies outside the reclamation area).   

The results of testing are provided in 0.  The results show that at the ten Inner Harbour sites, 
Polycyclic Aromatic Hydrocarbons (PAH) and Pesticide levels (organophosphorous and 
organochlorine pesticides) were all below the detection levels.   

Heavy metals including, Cadmium, Chromium, Copper, Lead, Nickel, Silver and Zinc were below 
detection levels for the majority of sites; however, there were the following exceptions:   

 Lead was detected at two sites at low levels of 1.1 and 0.5 μg/L.  These levels are below the 
marine water quality guidelines for lead at the 99% species protection level of 2.2 μg/L 
(ANZECC & ARMCANZ 2000). 

 Nickel was detected at seven sites at low levels of 0.5 to 1.8 μg/L. These levels are below the 
marine water quality guidelines for lead at the 99% species protection level of  2.2 μg/L 
(ANZECC & ARMCANZ 2000).  

 Zinc was detected at one site at a level of 8 μg/L. This level just exceeds the marine water 
quality guidelines for Zinc at the 99% species protection level of 7 μg/L (ANZECC & 
ARMCANZ 2000).  

 Arsenic (As) was detected in elutriates from all ten Inner Harbour sites with levels ranging 
from 3.1 to 26.1 μg/L. 
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7.1.2. Background on Guidelines for Arsenic  

The ANZECC & ARMCANZ (2000) Guidelines for fresh and marine water quality gives specific 
trigger values for most toxicants at varying levels of species protection ranging from 80% to 99% 
species protection.  In this case a high level of ecological protection (99%) applies outside the 
reclamation area and therefore the highest level trigger values should apply.   

For arsenic there are well established trigger values for toxicity to fresh water species; however, 
there are no trigger values given for marine species due to insufficient data.  In this case the 
guidelines suggest the use of a “Low Reliability trigger value” which builds in a high level of 
conservatism by applying an assessment factor (AF) of 100 to 200 times lower than the known 
toxic values.   

The following summary for toxicity of Arsenic in marine waters is taken from the ANZECC & 
ARMCANZ Guidelines (2000), Chapter 8 p8.2-105 to 108).   

“Arsenic is released into the environment naturally by weathering of arsenic-containing rocks and 
volcanic activity.  The estimated amount of arsenic released as a result of human activities is about 
twice that from weathering (Ferguson and Gavis 1972).” 

Potential sources of arsenic in Fremantle Inner harbour include natural sources as well as human 
related activities; however, arsenic has been observed in numerous sediment sampling programs in 
the Perth region as well as regions to the south and north. 

The following are a number of factors affecting arsenic toxicity (ANZECC & ARMCANZ 
Guidelines (2000)): 

 Valency state is the major factor affecting arsenic toxicity. 

 As (III) is the more toxic form but is less common in seawater. 

 Arsenic can bioaccumulate to some extent in marine organisms but secondary poisoning is 
unlikely. Formation of organo-arsenical compounds complicates assessment of 
bioaccumulation. 

 As (V) toxicity is not affected by salinity but increases with increasing temperature. 

 As (III) is removed by sulfides and As (V) by clays. Iron (III), chromium (III) and barium also 
reduce arsenic toxicity. 

 
The ANZECC & ARMCANZ Guidelines (2000) state the following:   

“Chronic data were only available for 2 taxonomic groups, as follows:  The pH range was 6.7– 8.2 
but pH data were only available for two of the 10 data points: Crustaceans: 3 spp, 8-51 d mortality 
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and reproduction LC50 and MATC, 893-70,000 μg/L Algae: 2 spp, 6-9 d NOEC growth, 1,000-
10,000 μg/L. 

There were insufficient data to derive a reliable marine trigger value. A low reliability marine 
guideline trigger value of 4.5 μg/L for As (V) was derived using an AF of 200 on the lowest 
NOEC (200 was used because the limited data were chronic). This should be used only as an 
indicative interim working level.” 

Levels of total arsenic in elutriate samples exceed this low reliability marine trigger value at seven 
out of the ten sites sampled; however, the ratio used in the elutriation (four parts water to one part 
sediment) does not replicate that expected for the tailwater (return water) discharged during 
dredging.  Dredging routinely has a ratio of seven parts water to one part sediment.   

The elutriate results have been provided in Table 13 with the conversion to a likely tailwater 
concentration.  The 95th percentile of these data is 13.8 μg/L which is above the low reliability 
trigger value of 4.5 μg/L.  However, only a 3.6 fold dilution is required to achieve the low 
reliability trigger value and it is predicted that appropriate management of the dredging and 
disposal process will easily achieve the dilution.  It should be emphasised that the dilution was 
calculated using the sea water concentration of 1.9 μg/L from the Inner Harbour which would 
overestimate the ambient environment at Rous Head.  For instance, if the ambient arsenic level in 
the receiving environment was zero then the dilution factor required would be reduced to 2.1 fold.  
As such the predicted dilution factor required is a conservative estimate. 

 Table 13 Results for arsenic in elutriate samples 

Parameter Sea 
water Sampling sites a 95%ile

  IH 1 IH 2 IH 3 IH 4 IH 7 IH 11 IH 14 IH 15 IH 20 IH 25  

  IH 6 IH 5 IH 3 IH 2 IH 25 IH 18 IH 13 IH 21 IH 20 IH 16  

Elutriate As 1.9 3.1 17.3 9.6 26.1 11.2 21.6 13.6 6.5 5.8 14.4  
Tailwater As b  1.8 9.9 5.5 14.9 6.4 12.3 7.8 3.7 3.3 8.2 13.8 
Dilution required c            3.6 
Note: Units are (μg/L).\ 
 Exceedances above the ANZECC & ARMCANZ (2000) low reliability trigger value for As V are in bold. 
a Elutriate sampling sites with comparison to sediment sampling sites in italics. 
b Conversion from 4:1 (water:sediment) ratio of elutriate to 7:1 representing dredging tailwater ratio. 
c Dilution required to meet the ANZECC & ARMCANZ 2000 low reliability trigger value 
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8. Summary 
The results of this sampling and analysis plan implementation report can be summarised as follows: 

 Of the metals tested, only mercury in the deeper sediments (0.5-1 m) exceeded the NODGDM 
screening guideline but did not exceed the EIL guideline for land disposal. 

 Concentrations of normalised TBT recorded in surface and subsurface sediments exceeded the 
NODGDM screening level but not the maximum level or the EIL guideline for land disposal. 

 A number of organochlorine pesticides in surface and subsurface sediments exceeded the 
NODGDM maximum levels by varying orders of magnitude; however, only the total 
organochlorine level exceeded the EIL guidelines for land disposal but was less than that 
measured at Rous Head. 

 Concentrations of normalised total petroleum hydrocarbons could not be compared to the 
NODGDM because there are no screening or maximum levels for these contaminants.  None 
of the individual or summed TPH levels in surface and subsurface sediments exceeded the EIL 
guidelines for land disposal.  However, the TPH levels in sediments at Rous Head were higher 
than those found in the Inner Harbour.   

 Most concentrations of normalised total PAHs in surface and subsurface exceeded the 
NODGDM maximum levels.  None of the individual or summed PAH levels in surface or 
subsurface sediments exceeded the EIL guidelines for land disposal.  In most cases, the PAH 
levels at Rous Head were higher than those found in the Inner Harbour.   

 Based on these acid sulphate soil results, management will be required in order to mitigate the 
effects of dredging.  A liming rate of between 2-22 kg CaCO3 /tonne of material will be 
required in order to adopt a conservative approach the highest liming rate may be adopted and 
applied to all dredged material. 

 Further testing using elutriates, triggered by exceedances using the NOGDGM screening 
levels, indicate that only arsenic exceeds the guideline for marine water quality.  This is a very 
conservative guideline termed the low reliability trigger value; however, it is estimated that a 
dilution factor of 3.6 fold is required to bring the tailwater to a level below this trigger value. 
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1. Introduction 
1.1. Overview of this Document 

This document is a Sampling and Analysis Plan (SAP) to characterise sediment chemistry from 
potential footprint and spoil ground locations within a proposed Fremantle Ports expansion 
development. The SAP is required, in accordance with the National Ocean Disposal Guidelines for 
Dredged Material (NODGDM), (EA 2002), administered by the Department of the Environment, 
Water, Heritage and the Arts (DEWHA), to assess the suitability of the dredge material taken from 
the Deep Water Channel and part of the Entrance Channel to the Inner Harbour for offshore 
disposal to a proposed spoil ground. 

This SAP document is submitted to the DEW for approval of the required investigations necessary 
to obtain a Sea Dumping Permit.  A summary of the findings of the study to identify a suitable site 
for offshore disposal has been provided in Section 2 and the full report is provided in Appendix A-
1 .  Results of field investigations to characterise the sediment to be dredged from the Deep Water 
Channel and Entrance Channel carried out during May 2007 are presented in Section 4. 

1.2. Background to Proposed Development 

Fremantle Port is an important and integral part of Western Australia’s transport infrastructure. It is  
the State’s major general cargo port and the Inner and Outer Harbours combined handle 
approximately 80% by value of the State’s seaborne imports and 23 of the value of the State’s 
seaborne exports.  This trade is valued at some $25.7 billion annually.   

The Inner Harbour facilities include Western Australia’s only dedicated container port. While most 
trades through the port increased in recent years, the greatest growth has been in containers. Over 
the last five years, container trade through the Inner Harbour has consistently exceeded the high 
growth scenario in the trade forecasts prepared for the Fremantle Inner Harbour Port Development 
Plan (2000). Also, as part of the international trend towards larger vessels, container ships servicing 
Fremantle Port are more than 80% bigger than those a decade ago. 

The size of both bulk and container ships servicing Australian ports is increasing, with a growing 
preference from shippers to minimise the number of ports visited by their ships. While this is 
consistent with global trends, it places pressure on existing channel depths to be deepened or ports 
face the prospect of being bypassed by shippers.  

Fremantle Port is a strategic part of a network of national container ports and the proposed capital 
dredging work for Fremantle Ports’ Inner Harbour and associated channels is linked to deepening 
work completed or planned for ports in the eastern states.  The Australian Government Export and 
Infrastructure Taskforce noted that the lack of channel development in one port can have impacts 
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on other ports. For example, if a vessel needs to call at several Australian ports on the one voyage 
then the size of the vessel that can be used is constrained by the shallowest channel. Fremantle is 
very often a first or last port of call for shipping operating between Australia and overseas 
destinations and the Fremantle–Melbourne shipping route is one of the busiest in terms of national 
shipping movements.  

Fremantle Ports is currently able to berth container vessels with a maximum draft of -12.8 m in the 
Inner Harbour, dependent on tide levels.  The -12.8 m draft at Fremantle compares with maximum 
drafts at the other major Australian capital city ports as follows: Sydney -13.8 m, Melbourne -12.1 
m, Brisbane -13.5 m and Adelaide -14.2 m.  Melbourne is progressing plans to deepen its port to 
accommodate 14 m draft vessels, at which stage Fremantle will be the shallowest container port in 
Australia.  

Capital dredging of the Fremantle Ports’ Inner Harbour is a strategic proposal to maintain 
compatibility with other national container ports and ensure that the ships on route to or from the 
eastern states can continue to call at Fremantle.  Without further dredging, larger ships will bypass 
Western Australia and travel to the east coast of Australia to load and offload cargo.  

1.3. Existing Situation 

The Inner Harbour was opened in 1897 after substantial realignment and reclamation work. It has 
operated as a working port since that time, requiring periodic dredging to ensure viability and to 
maintain declared depths.  The declared depths of the Inner Harbour and Entrance Channel range 
between RL -10.0 m and -13.4 m Low Water Mark Fremantle (LWMF) and the Deep Water 
Channel to RL -15.2 m (LWMF). 

Rous Head, situated at the mouth of the Swan River, is a large port-related industrial estate that was 
created on land reclaimed using material previously dredged from the Inner Harbour.  Reclamation 
works at Rous Head commenced in the late 1980s.  The land is currently used by a variety of port-
related and marine industries. 

1.4. Proposed Dredging and Disposal Works 

It is proposed to deepen the Inner Harbour to match depths being planned for by ports in the eastern 
states so that the larger vessels visiting eastern states can also still be accommodated at Fremantle.  
An inability to accommodate these larger vessels would have a severe economic impact on the 
State as a result of the likely increased shipping costs and reduced flexibility in shipping, leading to 
a decline in competitiveness of exports and increased costs for imports. 
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Specifically, it is proposed to deepen the Deep Water Channel, Entrance Channel and Inner 
Harbour, to depths that permit 14 m draft ships to utilise the Inner Harbour.  To achieve this, the 
following work is proposed: 

 Dredge the Inner Harbour to a depth of RL -15.0 m (LWMF). 

 Dredging of the Entrance Channel to a depth of RL -16.1 to -16.8 m (LWMF).   

 Dredge the Deep Water Channel to depths varying between of -16.5 and -18.0 m (LWMF). 

 Relocate the dredge material from the Inner Harbour and part of the Entrance Channel to the 
Rous Head Reclamation Area (remainder of Stage 2 plus Stage 3 of the Rous Head 
Reclamation Schedule).  

 Relocate dredge material from the Deep Water Channel and part of the Entrance Channel to a 
proposed offshore spoil ground. 

 

Capital dredging of the Deep Water Channel will generate approximately 1.1 million cubic metres 
(Mm3)of material.  It is proposed to dispose of this material in an offshore spoil ground.   

The material to be dredged from the Entrance Channel will be split in terms of its disposal, with 
750,000 m3 proposed for placement within the Rous Head Reclamation Area and 350,000 m3 to be 
disposed offshore in a proposed spoil ground.   

The split of material dredged from the Entrance Channel is proposed as follows: 

 Material from outside and west of the head of the North Mole will be disposed offshore; and 

 Material from inside and east of the head of the North Mole will go to the Rous Head 
Reclamation Area. 

 

The proposed dredging of the Deep Water Channel and Entrance Channel and subsequent disposal 
of this material to the offshore spoil ground constitute the scope of this SAP.  Dredging of the Inner 
Harbour and Reclamation at Rous Head are outside the scope of this SAP, but are included in this 
overview to provide background information to the project. 
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2. Existing Information 
2.1. Scope of Survey 

In early 2006, Fremantle Ports commissioned SKM to undertake a detailed site selection study for 
potential offshore spoil disposal of dredged materials associated with capital dredging of the Deep 
Water Channel and Entrance Channel.  The proposed offshore spoil ground could also provide 
Fremantle Ports with a long-term spoil ground.  The proposed offshore spoil ground is located 
within an existing mooring area on the western margin of the area known as Gage Roads, west of 
the Deep Water Channel (see Figure 2-1).  Table 2-1 provides the coordinates of the proposed 
spoil ground boundary. 

 Table 2-1 Co-ordinates of Proposed Spoil Ground Boundary 

Site Easting Northing 
NW corner 374050.5 6457301.6 
NE corner 375450.0 6457297.2 
SE corner 375454.4 6456232.3 
SW corner 374056.9 6456232.4 

Datum is WGS84 Zone 50H 
 
A survey of the proposed spoil ground in the offshore mooring area within Gage Roads was 
undertaken in February 2006.  The sampling sites are shown in Figure 2-1 with the coordinates 
provided in Table 2-2.  Two locations outside of the proposed disposal area were investigated, one 
to the south and one to the west.  These locations were chosen based on the satellite imagery which 
showed a seabed darker than the surrounding area typical of either seagrass or macroalgal growth. 

 Table 2-2 Coordinates of the Proposed Spoil Ground Sampling Locations 

Site Easting Northing 
Fremantle Port 1 0374009 6456668 
Fremantle Port 2 0374863 6456708 
Fremantle Port 3 0373998 6455741 
Fremantle Port 4 0374870 6455752 
Fremantle Port 5 0374010 6454820 
Fremantle Port 6 0374875 6454854 
Fremantle Port 7 0374028 6453854 
Fremantle Port 8 0374895 6453756 
HAB 1 (Control) 0374672 6452682 
HAB 2 (Control) 0373237 6454488 

Datum is WGS84 Zone 50H 
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 Figure 2-1 Location of Proposed Spoil Ground Sampling Sites 
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At each of the 10 sampling sites (Fremantle Port1–8) triplicate sediment cores were collected from 
the top 10 cm of the seabed.  Upon returning to the surface, two of the core samples were 
combined, homogenised and placed into 250 mL glass jars and stored on ice.  The third core 
sample was processed for infauna identification.  At each site the seabed was characterised (depth, 
sediment type and benthic cover) and photographic records taken. 

Sediment samples were analysed by ALS (NATA 825) for the following: 

 Metals (Sb, As, Cd, Cr, Cu, Pb, Ni, Hg, Ag and Zn); 

 Tributyltin (TBT); 

 Total organic carbon; 

 Ultratrace organochlorine pesticides; 

 Ultratrace organophosphate pesticides; 

 Ultratrace polychlorinated biphenyls; 

 Ultratrace polyaromatic hydrocarbons; and 

 Particle size distribution. 

The findings of the investigation to determine the suitability of the proposed spoil ground in Gage 
Roads at the designated mooring area are summarised in the following sections. 

2.1.1. Particle Size Distribution 

The seabed at the eight locations within the proposed disposal area boundary is comprised of soft 
sediment with an average particle size classified as fine sand (125–250µm).  There is some 
variation in particle size distribution between sites as follows: 

 At sites Fremantle Port 3–4 and Fremantle Port 7 the sediments were slightly coarser with a 
greater proportion being comprised of medium sand (250–500µm); 

 The other five sites (Fremantle Port 1–2, Fremantle Port 5–6 and Fremantle Port 8) were 
similar; however, Fremantle Port 6 had a slightly larger component of very fine sand (63–
125µm). 

2.1.2. Sediment Chemistry 

Sediment chemistry analysis indicated the following: 

 There were no detectable levels of organochlorine pesticides; 

 There were no detectable levels of organophosphate pesticides; 

 There were no detectable levels of polychlorinated biphenyls; 

 There were no detectable levels of polyaromatic hydrocarbons; 

 All metals were below NODGDM screening levels; and 
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 Normalised tributyltin levels were below NODGDM screening levels. 

 

2.1.3. Seabed Characteristics 

The area of the proposed disposal is a natural depression that acts as a sink for soft sediments as 
well as wrack consisting of macroalgae and seagrass.  The long shore bottom stress is likely to be 
low due to the lack of major currents, small average total sea state (usually below 1.5 m), low tidal 
range and the depth of the proposed site.  The proposed disposal area doesn’t encompass limestone 
reefs that are present in the surrounding areas. 

2.1.4. Benthic Habitat 

The eight sites investigated within the proposed disposal area indicated that the area was devoid of 
benthic flora apart from a few small patches of the pioneering seagrass Halophila sp.  Due to the 
hydrodynamic and bathymetric conditions the proposed disposal area appears to accumulate 
macroalgal and seagrass wrack.  Two similar habitats close to the proposed disposal areas were 
also investigated: 

 South site: appears to be comprised of sparse (<12 shoots/m2) small patches (approximately 
0.5 m2) of Posidonia sp. and Amphibolis sp. seagrass. 

 West site: comprised of a dense covering of Heterozostera sp. seagrass with little or no 
epiphytic growth on the leaves. 

Infaunal richness and abundance varied between the eight sites sampled in the proposed disposal 
area.  Richness and abundance were greater in the central and south-western regions of the 
proposed disposal area (FPA 4–7).  The infaunal assemblage in the proposed disposal area is 
relatively depauperate and of low biodiversity compared to similar sediments and water depths in 
other parts of Western Australia. 

The guidelines of the Benthic Primary Producers Habitat (BPPH) Protection (EPA 2004) should be 
met as no loss of BPPH will result from disposal of material in the proposed disposal area as none 
presently exists.  There are a range of habitat types in the surrounding areas: 

 North:  a massive expanse of bare sand with large patches of limestone pavement covered by 
macroalgae 

 East:  a large expanse of bare sand extending to within a few kilometres of the coast where 
limestone outcrops such as Hall Bank rise up from the seabed.  Hall Bank has a well developed 
hard coral community. 

 South:  Success Bank is a large sill of coarse calcium carbonate sands with areas covered by 
seagrass, principally climax genera such as Posidonia and Amphibolis but also pioneering 
genera such as Heterozostera and Halophila. 
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 West:  a line of limestone reef where the subtidal environment is predominantly macroalgae 
and encrusting invertebrate life. 

 

2.2. Currency of Data 

Data currency is defined in the NODGDM (Environment Australia 2002) as follows: 

“Where there is existing chemical or toxicity data from the dredging site sediments, of quality 
acceptable to the Determining Authority, it will have a maximum currency of five years.  Where 
contamination of the waterway is ongoing, or new pollution sources are present (such as a new 
industry or accidental spill) recent data will be required.” 

Data currency for all sediment chemistry, particle size distribution and benthic ecology within the 
proposed spoil ground was collected in February 2006 and is well within the five years required by 
the NODGDM (Environment Australia 2002).  Dredging activities are planned to commence in 
2009 and this data will still be current.  It is not therefore proposed to collect any further chemical 
or toxicity data for sediments in the proposed spoil ground. 

2.3. Sufficiency of Data 

Sediment chemistry and infaunal data collected during the disposal area study summarised in 
Section 3, are deemed sufficient for future disposal considerations.  This area is considered a 
suitable site for the relocation of dredge material on the basis that: 

 It has the capacity for current and future dredging programs: 

– the site can receive in the order of 14 Mm3 of material; and 

– the site is in close proximity to planned dredging areas. 

 It is situated such that its use would result in minimal environmental impact: 

– the site is stable and not subject to strong currents or wave action; 

– the site does not have habitat that would be adversely affected by disposal; 

– the closest seagrass habitat is at least 2 km to the south; 

– the closest coral habitat is at least 3 km to the east; and 

– the closest limestone reef habitat is 3.3 km to the west. 

 It is situated in an area of low environmental value or already impacted by human activity: 

– the seabed has been highly disturbed by ship’s anchors; and 

– the sediments in the area, whilst below the NODGDM screening level, are not pristine. 
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2.4. Exemption from Further Testing 

Exemption from further testing is defined in the NODGDM (EA 2002) as follows: 

“A proposal may be exempted from further testing if (a) adequate current data is available 
and there is no reason to suspect that the contamination levels in the sediment have changes, 
or (b) if the material is ‘clean’, as set out in Section 3.11.” 

It is proposed that exemption for further testing is relevant to the proposed spoil ground area due to 
the currency of the data collected and that there were no detectable levels of potential organic 
contaminants and all metals and TBT were below NODGDM screening levels.  Furthermore, the 
proposed spoil ground lies in an area of low environmental value and is already impacted by human 
activity as it is currently used as a mooring site and the seabed has been therefore disturbed by the 
anchoring of ships. 
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3. Sampling and Analysis 
3.1. Objective 

The sampling design was specifically designed to identify contaminants of concern and collect 
adequate samples to indicate lateral and vertical extent of potential contamination of dredge spoil 
taken from the existing Deep Water Channel and part of Fremantle Ports’ Entrance Channel.  
Appropriate sampling procedures were adhered to and quality control / assurance measures were 
implemented.  The SAP was developed in accordance with the NODGDM (Environment Australia 
2002). 

3.2. Sampling Rationale 

3.2.1. Deep Water Channel 

The surface material proposed to be dredged in the Deep Water Channel was classified as 
‘probably clean’, as demonstrated by the results from the sampling analyses for the nearby 
proposed spoil ground (see Figure 3-1) and the remote location of the Deep Water Channel from 
potential contaminant sources (see Section 2).   

The volume of material to be dredged from the Deep Water Channel is approximately 1.1 Mm3.  
The depth of dredging of the Deep Water Channel will be to 0.5 m.  This material is unconsolidated 
and overlies limestone pavement.  Sampling methods will be as described in Section 3.7.1.  The 
Deep Water Channel is approximately six kilometres away from the nearest potential sources of 
pollution (outfall), is used only for ships in transit and has never been dredged previously.  Similar 
investigations in Fremantle Port (and other ports) have typically indicated that contaminants are 
located in close proximity to wharves and berths, with channels being generally clean.  
Nevertheless, while there were no contaminants of concern or potential sources of pollution at the 
Deep Water Channel, sampling was undertaken as per the Section 3.10.2 of the NODGDM. 
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 Figure 3-1 Location of Project Area 
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3.2.2. Entrance Channel 

The Entrance Channel sediments that are proposed to be dredged may be classified as ‘probably 
clean’ based on the following sediment quality data collected from Fremantle Harbour since 2001 
as part of Fremantle Ports’ Marine Quality Monitoring Program (MQMP), (Water and Rivers 
Commission (now Department of Water) 2001/02 to 2007).  Bi-annual monitoring of sediments has 
been undertaken at locations within the Inner Harbour, Entrance Channel, on Beacons at Success 
and Parmelia Channels and the Outer Harbour for the following contaminants: 

 Metals (As, Cd, Cr, Cu, Hg, Pb and Zn); 

 Metals (since 2007) (Sb, Ni and Ag); 

 Tributyltin (TBT); 

 Polycyclic Aromatic Hydrocarbons (PAHs) (since 2004): 

– Low molecular weight PAHs (Acenaphthene, Acenaphthylene, Anthracene, Fluorene, 
Naphthalene and Phenanthrene); 

– High molecular weight PAHs (Benzo[a]anthracene, Benzo[a]pyrene, 
Dibenz[a,h]anthracene, Fluoranthene, Chrysene and Pyrene); and 

– Other PAHs (Indeno[1,2,3-cd]pyrene, (Benzo[k]fluoranathene and Benzo[ghi]perylene). 

 Total Petroleum Hydrocarbons (TPHs) (2003 only) (C6–C9, C10–C14, C15–C28 and C29–
C36). 

The annual MQMP monitoring locations in the Inner Harbour and Entrance Channel are shown 
spatially in Figure 3-2. 

The sites located in the Inner Harbour and Entrance Channel have been selected on the basis that 
they sufficiently represent the harbour areas considered to have the greatest potential of sediment 
contamination given their proximity to industrial and other port related activities. 
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 Figure 3-2  Inner Harbour monitoring locations 

 
The results of the annual monitoring are summarised below in comparison with the NODGDM 
guidelines: 

 Metals in the sediments were found to be below the guideline screening level at monitoring 
locations between 2002 and present with the following exceptions: 

– Cadmium at the Northern end of Bulk Cargo Jetty; 

– Copper at Blackwall Reach in the Swan River during 2002–2004 but not since that time; 

– Mercury at six locations in the Inner Harbour and Entrance Channel (FP3, FP4-1 and 
FP7–10) and at the Northern end of Bulk Cargo Jetty; 

– Lead at the Inner Harbour site (FP4-1) and the Entrance Channel site (FP3) during 2002 
and 2004 respectively, Blackwall Reach in the Swan River and Beacon K in Parmelia 
Channel during 2006; and 

– Zinc at Blackwall Reach in the Swan River from 2002–2005 and the Northern end of Bulk 
Cargo Jetty from 2004–2005. 
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 Mercury was found to be at or above the guideline maximum level at the following locations 
and times: 

– Entrance Channel site (FP3) during 2003; 

– Location FP7 during 2004; and 

– Blackwall Reach in the Swan River during 2007. 

 Tributyltin (TBT) levels in sediments has shown a marked decrease since 2002 when levels 
were found to be above the guideline ANZECC maximum level (70 ng/g) in Rous Head 
Harbour, the Inner Harbour; 

 Current TBT levels in sediments are above the guideline screening level (5 ng/g) but below 
ANZECC maximum level (70 ng/g)  in Rous Head Harbour, the Inner Harbour; 

 The ratio of MBT to total butyltins indicates recent contamination of TBT in the Inner 
Harbour; 

 PAHs have generally been at levels below the guideline screen level at monitoring sites 
between 2002 and present; although some locations have shown historical elevations.  
Locations where levels are presently above the screening level are: 

– Acenaphthylene at location FP4-1 in the Inner Harbour and at Blackwall Reach in the 
Swan River; 

– Anthracene, benzo[a]anthracene, benzo[a]pyrene, dibenz[a,h]anthracene, Fluoranthene, 
pyrene and total high molecular weight PAHs at location FP4-1 in the Inner Harbour; 

 TPHs were found to be below detection at all locations monitored in 2003. 

 

Contaminant levels were noted to be higher at Blackwall Reach, in Rous Head Harbour and at the 
old slipways (Museum site), however, all of these sites are outside of the Entrance Channel 
dredging area (and in the case of Blackwall Reach outside of Fremantle Ports’ limits).  Sediments 
from sites within the Inner Harbour and Entrance Channel have shown relatively consistent levels 
for all screened contaminants over the years.  There was also no indication of significant 
hydrocarbon contamination at any sites. 

Elevated copper levels were recorded prior to maintenance dredging of the Inner Harbour in 2003 
at three locations within the harbour, i.e. at the berths on the North Quay and Victoria Quay. In 
2003, the surface sediments were removed and post-dredging water and sediment quality 
monitoring results show a drop in copper levels (as with all heavy metals) to well below screening 
level. 

Furthermore, ecotoxicological testing was carried out on two samples collected from the Inner 
Harbour.  These ecotoxicological investigations indicated no significant effect on the test 
organisms (NOEC) in all tests with the exception of sea urchin fertilisation success on sample 
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FP05.  A 7.2 % solution of elutriate made from the FP05 sediment sample resulted in the inhibition 
of fertilisation in 50% of the test organisms (SKM 2003).  However, this sampling location is well 
outside of the proposed dredge area in the Entrance Channel. 

The volume of material to be dredged from the Entrance Channel is approximately 350,000 m3 to a 
depth of 1 m.  Of this total volume, 200,000 m3 of material is unconsolidated and 150,000 m3 is 
comprised of hard calcarenite rock.  Sediment within the Entrance Channel comprises silty sand 
overlying limestone.  The proposed sampling methods are described in Section 3.7.1. 

3.3. Sample Sites 

The number of sample sites surveyed in the Deep Water and Entrance Channels reflect the volume 
of material to be dredged.  Table 3-1 and Table 3-2 provide the coordinates for the sample sites for 
both dredge areas.  The selection of sampling locations was undertaken by laying a grid over each 
location, with at least five times as many cells as samples to be collected, and the numbered cells 
were randomly chosen using random number generation.  This random sample site selection 
process was undertaken using the proprietary software Hawths Analysis Tools Version 3.21. 

Figure 3-1 shows the alignment of the Deep Water Channel area to be dredged and Figure 3-3 
shows the location of the sample sites.  Dredging of the Deep Water Channel in some areas will be 
limited to clearing/removing high spots (to be confirmed by hydrographic survey immediately prior 
to dredging), which may not may not require removal by a dredge, the alternative being the use of a 
sweep bar.  However, as it is anticipated that dredging will be carried out across the entire area, this 
area has been treated as one single dredge area.  Figure 3-4 shows the area of the Entrance Channel 
to the west and outside of the North Mole that will be dredged and disposed of in the proposed 
spoil ground. 
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 Table 3-1 Sample site coordinates for the Deep Water Channel 

Sample 
Sites 

Coordinates
(Datum is WGS84) Total Core 

Length (cm) 
TBT / 
TOC 

Metals / 
Hydrocarbons / 

Pesticides / 
PCBs 

Particle 
Size 

Distribution Longitude Latitude 

1 115°41.59’S 31°59.06’E 50 1 1 1 

2 115°41.56’S 31°59.76’E 50 1 1 1 

3 115°41.29’S 31°58.42’E 50 1 1 1 

4 115°40.74’S 31°58.14’E 50 1 1 1 

5 115°40.62’S 31°58.00’E 45 1 1 1 

6 115°41.61’S 31°59.86’E 50 1 1 1 

7 115°41.61’S 31°59.99’E 50 1 1 1 

8 115°41.57’S 31°59.58’E 50 1 1 1 

9 115°40.73’S 31°58.01’E 50 1 1 1 

10 115°41.54’S 31°58.64’E 50 1 1 1 

11 115°41.16’S 31°58.41’E 50 1 1 1 

12 115°40.97’S 31°58.27’E 50 1 1 1 

13 115°41.58’S 31°58.65’E 50 1 1 1 

14 115°41.59’S 32°00.24’E 50 1 1 1 

15 115°41.59’S 31°59.23’E 50 1 1 1 

16 115°41.02’S 31°58.25’E 50 1 1 1 

17 115°41.59’S 32°00.12’E 50 1 1 1 

18 115°41.44’S 31°58.94’E 50 1 1 1 

19 115°41.52’S 31°58.95’E 30 1 1 1 

20 115°40.26’S 31°57.84’E 30 1 1 1 

21 115°41.64’S 31°59.50’E 50 1 1 1 

22 115°41.63’S 31°59.48’E 50 1 1 1 
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 Table 3-2 Sample site coordinates for the Entrance Channel 

Sample 
Sites 

Coordinates
(Datum is WGS84) Total Core 

Length (cm) 
TBT / 
TOC 

Metals / 
Hydrocarbons 
/ Pesticides / 

PCBs 

Particle Size 
Distribution Longitude Latitude 

1 115°43.35’S 32°03.34’E 50 1 1 1 

2 115°43.39’S 32°03.26’E 50 1 1 1 

3 115°43.10’S 32°03.41’E 50 1 1 1 

4 115°42.91’S 32°03.46’E 50 1 1 1 

5 115°43.65’S 32°03.30’E < 10 1 1 1 

6 115°43.92’S 32°03.25’E < 10 1 1 1 

7 115°42.85’S 32°03.44’E < 10 1 1 1 

8 115°43.62’S 32°03.33’E < 10 1 1 1 

9 115°43.44’S 32°03.38’E 50 1 1 1 

10 115°43.86’S 32°03.30’E < 10 1 1 1 

11 115°43.65’S 32°03.23’E 50 1 1 1 
 

3.4. Sample Depth 

Given that the depth of material to be removed from the Deep Water Channel is up to 
approximately 0.5 m and there is a requirement to sample to the dredge depth, according to the 
NODGDM (EA, 2002), the target sample depth was set to 0.5 m.   

Given that the depth of material to be removed from the Entrance Channel is up to approximately 
1 m and there is a requirement to sample to the dredge depth, according to the NODGDM 
(Environment Australia 2002), the target sample depth was set to 1 m.  It should be noted however, 
that during execution of the survey, corer refusal was encountered at depths less than 50 cm for all 
but one site (EC 7). 
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 Figure 3-3 Location of Sample Sites within the Proposed Deep Water Channel Area 
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 Figure 3-4 Location of Sample Sites within the Entrance Channel Area 
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3.5.  

3.6. Number of Samples 

The survey carried out for the proposed spoil ground as described in Section 2, and the annual 
Marine Quality Monitoring Program (MQMP), from 2001 to 2007 (Water and Rivers Commission 
(now Department of Water)), as described in Section 3.2.2, provide sufficient information as per 
Section 2.1.2 of the NODGDM of the sediment chemistry and potential for contamination in the 
Deep Water Channel and Entrance Channel dredge areas.  Contaminants were not recorded above 
the NODGDM Screening Levels during the survey for the proposed spoil ground and have been 
consistently recorded below NODGDM screening levels for material in the Entrance Channel post 
2003 maintenance dredging.  This data is deemed representative of both the Deep Water Channel 
and Entrance Channel dredge areas. 

The number of samples collected from the Deep Water Channel was based on a dredge volume of 
1.1 million m3, dredge depth of 0.5 m and the availability of sediment quality data (see Table 3-3).   

 Table 3-3 Sample numbers for sediment chemistry for the Deep Water Channel 

Area Sample sites1 Sample numbers2 Sub-total 

Deep Water Channel 22 22 22 
QA/QC3 4 triplicates, 1 field split 9 

TOTAL 31 
1) Sample sites based on surface volume calculations (see Section 3.3.1 of NODGDM). 
2) The sample numbers anticipate being able to sample to 0.5 m, i.e. to dredge depth, (as per Section 3.3.3 of the 

NODGDM). 
3) Field triplicates (10% of sites), field splits (5% of sites), blank samples (two required) (as per Section 3.3.7 of 

NODGDM). 

 
The number of samples collected from the Entrance Channel was based on a dredge volume of 
200,000 m3 of unconsolidated material, (the total dredge volume is 350,000 m3, however, 150,000 
m3 comprises calcarenite rock and contaminants are not expected within this layer), a dredge depth 
of 1 m and the availability of sediment quality data (see Table 3-4).  However, due to corer refusal, 
material from 50–100 cm was retrieved from site EC 7 only. 

 Table 3-4 Sample numbers for sediment chemistry for the Entrance Channel 

Area Sample sites1 Sample numbers2 Sub-total 

Entrance Channel 11 22 22 
QA/QC3 4 triplicates, 2 field splits 10 

Total 37 
1) Sample sites based on surface volume calculations (see Section 3.3.1 of NODGDM). 
2) The sample numbers anticipate being able to sample to 1 m (i.e. will be doubled), i.e. to dredge depth, as per 

Section 3.3.3 of the NODGDM. 
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3) Field triplicates (10% of sites), field splits (5% of sites), blank samples (one required) (as per Section 3.3.7 of 
NODGDM). 

 
Figure 3-5 below is based upon the NODGDM Table 1, (see Section 3.3.1 of NODGDM), for 
identifying the number of samples required to be surveyed per volume of surface material.  As the 
volume of material to be dredged from the Deep Water Channel is greater than the 500,000 m3 
limit in Table 1 of the NODGDM, the number of samples for this SAP, (i.e. 22 not including 
triplicates or field splits), has been calculated based on the extrapolation of the graph using the 
following equation: 

y = 0.0245 x + 15.547 (R2=0.999) 

where x is the volume of spoil in thousands of m3 

The number of samples required to be surveyed per volume of dredge material in the Entrance 
Channel is less than the 500,000 m3 limit in the NODGDM Table 1, giving a total number of 
samples sites of 22 (not including triplicates or field splits); however, as per Table 1 of the 
NODGDM, the number of sample sites has been halved to 11 sites due to the existence of good 
quality sediment chemistry current data (<5 years old) for the area.  This is also true of the Deep 
Water Channel as the number of sample sites have also been halved to give 22 sites, again due to 
the existence of sediment chemistry data sampled in the nearby proposed spoil ground within the 
last five years. 

Y = 1.3x10-4 X + 5.0
R2 = 0.996

Y = 2.5x10-5 X + 15.6
R2 = 0.999
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 Figure 3-5 Number of samples per volume of surface material 
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3.7. Sampling Procedures 

3.7.1. Sample Collection 

Preliminary seabed investigations were conducted by Fugro from September to November 2006 
within the Deep Water Channel; however, no sediment samples were taken at this stage.  
Sediments in the Deep Water Channel dredge area sampled are generally comprised of a thin layer 
of sandy sediment (50 cm) overlying limestone pavement (Fugro 2006).  The proposed dredge area 
comprises a layer of variably cemented fine to medium sand that underlies the thin layer of surface 
sediments to the full depth of dredging (i.e. 50 cm).  Areas of coarse sand and possibly gravel occur 
in the northern corner and in the central and southern sections of the Deep Water Channel (Fugro 
2006). 

The Entrance Channel is characterised by the presence of a dredged channel, which runs through 
the middle of the survey area and bound by two breakwaters (North and South moles) along the 
northern and southern edges of the area.  Side scan sonar data indicates that the seabed sediments in 
the Entrance Channel do not vary much. The area is characterised by the presence of fine to coarse 
sand throughout, with the exception of a few patches of coarser sediment material (Fugro 2006). 

Sampling was undertaken on 11th, 14th, 15th, 17th and 31st May 2007. Sediment samples were 
collected by commercially qualified scientists (AS2815.1) on SCUBA, using polycarbonate cores.  
Between sampling events, the sediment core was thoroughly washed in Decon 90 and rinsed with 
seawater from the site.  

Accurate positioning at each sample site was achieved by the use of Differential Global Positioning 
System (DGPS), with the sample site position automatically logged and mapped.  The locations, 
times and dates of each sampling event as well as a description of the sediment core contents were 
recorded.   

3.7.2. Sample Handling, Preservation, Storage and Transportation 

Upon the divers return to the surface, the whole sample was split, placed directly into containers 
provided by the analytical laboratory (see Table 3-5) and kept at 4°C until the end of the day, 
where all samples were refrigerated on return to shore.  It was only possible to obtain a sediment 
core down to 1 m at one sample site in the Entrance Channel dredge area.  This core was split into 
the respective 0 to 0.5 m and 0.5 to 1 m layers and was transferred into the required containers for 
storage.  Samples for sediment chemistry were transported by refrigerated truck and consigned to 
the laboratory for analysis.   
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 Table 3-5 Sample containers, preservation, storage and transportation 

Parameter Container Preservation and 
Storage Transportation 

Metals, PAH, Pesticides and 
PCBs 

150 mL glass jar Refrigerated 
Transported to the 
laboratory at <4°C TBT/TOC 150 mL glass jar Refrigerated 

PSD and moisture content Whirl-pac bag Refrigerated 
Note:  Metals, moisture content, TBT and TOC can all be obtained from the 1 x 250 mL jar. 
 
3.7.3. Health and Safety Precautions 

In-water sediment sampling was conducted by commercially qualified scientists (AS2815.1) on 
SCUBA.  All diving practices were in accordance with AS2299.1, following a detailed dive 
operations safety plan (DOSP).  The DOSP included a definition of hazards, a risk assessment, risk 
mitigation measures and an emergency plan.  Activities aboard the vessel were subject to a job 
safety environment analysis (JSEA) prior to commencement of work and all activities were 
monitored by the dive supervisor for compliance and for continual improvement. 

3.7.4. Analytical Laboratories 

The method and analytical PQL for the sediment analyses performed for all sites in the Deep Water 
and Entrance Channels dredge areas are provided in Table 3-6.  Analyses were undertaken by 
laboratories accredited under NATA.  Samples were consigned using a chain of custody to the 
Australian Laboratory Services (ALS) laboratories (NATA 825) for analysis. 

3.7.5. QA/QC Procedures 

As part of ALS laboratories’ procedures they performed the required blanks, testing of standards 
and replicate tests to the satisfaction of the NATA requirements.  Sinclair Knight Merz (SKM) is 
certified to ISO9001 and as such ensured all documentation and procedures adhere to the standard. 

A total of 10% of the samples was collected in triplicate (field triplicates) to determine variability 
of the sediment physical and chemical parameters, while 5% of samples were split in the field into 
two containers to assess variation associated with sub-sample handling.  In addition one blank 
filled with inert material will be analysed for every batch of 20 or fewer samples. 
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 Table 3-6 Analytical methods and PQLs for sediment samples 

Parameter Units PQL Method 

PSD % 0.01 Gravimetric after sieving 

Moisture content % 1.0 Gravimetric after drying 

Metals 

Antimony, Arsenic, Cadmium, Chromium, Copper, 
Lead, Nickel, Silver, Zinc mg/kg 0.1 

ICPMS 

Mercury mg/kg 0.01 FIMS 

TOC % 0.02 In-house infra-red technique 

Tributyltin 
µg 

Sn/kg 0.5 
GC/MS 

Polychlorinated biphenyls 

Total PCBs µg/kg 5 GC/MS 

Pesticides 

pp'-DDD, pp'-DDE, pp'-DDT µg/kg 0.5 GCMS 

Total DDT+DDD+DDE µg/kg 1.5 GCMS 

Dieldrin, alpha-Chlordane, gamma-Chlordane, 
Lindane, Endrin, alpha-BHC, beta-BHC, delta-BHC, 
Aldrin, alpha-Endosulfan, beta-Endosulfan, 
Endosulfan sulphate, Endrin Ketone, Heptachlor, 
Heptachlor epoxide, Methoxychlor 

µg/kg 0.5 GCMS 

Total organochlorine pesticides µg/kg 0.5 GCMS 

Polycyclic Aromatic Hydrocarbons 
Acenaphthene, Acenaphthylene, Anthracene, 
Fluorene, Phenanthrene µg/kg 4 

GCMS(SIM - Ultra-trace) 

Naphthalene µg/kg 5 GCMS(SIM - Ultra-trace) 

Low Molecular Weight PAHs µg/kg 5 GCMS(SIM - Ultra-trace) 

Benzo[a]anthracene, Benzo[a]Pyrene, 
Benzo[b]fluoranthene, Benzo[k]fluoranthene, 
Benzo[ghi]perylene, Dibenzo[ah]anthracene, 
Chrysene, Fluoranthene, Indeno[123-cd]pyrene, 
Pyrene 

µg/kg 4 GCMS(SIM - Ultra-trace) 

2-methylnaphthalene µg/kg 5 GCMS(SIM - Ultra-trace) 

High Molecular Weight PAHs µg/kg 5 GCMS(SIM - Ultra-trace) 

Total PAH µg/kg 5 GCMS(SIM - Ultra-trace) 
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3.7.6. Data Management Procedures 

Data management was to ISO9001 requirements.  All data was validated prior to reporting.  
Sediment TBT levels were standardised to 1% TOC prior to any analysis.  Analytical data for each 
dredge area was analysed separately as per NODGDM.  Data was tested for normality using the 
Shapiro-Wilks Test and depending upon the results, (normal or log-normal), the 95% UCL was 
calculated as follows: 

(1) Normal Data 
n
stXaverageUCL n 1, −+= α  

 where: X is the arithmetic average of the sample measurements; 
 α is the level of significance of 0.05; 
 n is the number of sample measurements; 
 s is the standard deviation of the sample measurements; and 
 1, −ntα is the test statistic (Student’s t for α and n-1 degrees of freedom). 

(2) Log-normal data Log-normal data will be statistically analyses by normalising the data by 
transforming it (log or arcsine square root which ever provides the best 
normalisation) and then using the previous 95% UCL calculation.  The 
95% UCL would then be reverse-transformed to allow comparison with 
the NODGDM guidelines.  Alternatively, the Bootstrap method using 
Monte Carlo re-sampling techniques (i.e. by randomly selecting values 
from the original sample set) can be used should the transformation 
process prove unsuccessful. 

The resulting 95% UCLs were compared to the NODGDM screening levels (see Section 5).  
Statistical comparisons with background values derived from the proposed spoil ground were made 
should the screening value be exceeded in any of the dredge areas in accordance with the 
NODGDM. 

3.8. Equipment 

The following equipment was utilised for the sampling program: 

 7.3 m vessel suitable for diving operations and sample handling; 
 GPS for position fixing; 
 50 mm diameter and 50 cm and 100 cm long polycarbonate cores; 
 SCUBA equipment; 
 Sample containers provided by ALS laboratory; 
 Decon 90; 
 Eskies and ice; and 
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 Chain of Custody (COC) forms for logging sample collection information. 
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4. Results 
Sediment chemistry analyses for samples collected from the Deep Water and Entrance Channels 
and Proposed Spoil Ground are discussed in the following sections.  The laboratory reports that 
support these data will be provided on request . 

4.1. Particle Size Distribution 

The particle size distributions for the Deep Water and Entrance Channels and Proposed Spoil 
Ground are presented graphically in Figure 4-1 while the mean percentage of each size class is 
provided in Table 4-1. 

 Table 4-1 Average Particle Size Distribution  

Classification Grain Size 
(µm) 

Proposed Spoil 
Ground 

Deep Water 
Channel 

Entrance 
Channel 
(0-50 cm) 

Entrance 
Channel 

(50-100 cm) 

Gravel >37500 0.00 0.00 0.00 0.00 
19000–37500 0.00 2.80 2.95 1.10 
9500–19000 0.00 1.66 1.73 0.84 
4750–9500 0.00 2.14 2.22 1.27 
2000–4750 2.63 5.26 5.17 6.30 

Very Coarse Sand 1000–2000 3.10 19.63 20.65 8.43 
Coarse Sand 500–1000 17.90 31.02 32.93 9.95 
Medium Sand 250–500 19.30 14.00 14.25 11.20 
Very Fine to Fine 
Sand 

180–250 32.00 15.47 13.16 40.86 
90–180 22.77 2.86 2.23 9.78 
63–90 2.23 0.87 0.72 2.48 

Silt <63 0.08 4.30 3.98 7.80 
Note:  Data presented as means 
 
The sediments particle size distributions can be described as follows: 

 Deep Water Channel:  Predominantly fine to very coarse sand with small proportions of 
gravel and mud. 

 Entrance Channel (0–50 cm):  Predominantly fine to very coarse sand with small proportions 
of gravel and mud. 

 Entrance Channel (50–100 cm):  Predominantly fine to very coarse sand with small 
proportions of mud and very small proportions of gravel. 
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 Figure 4-1 PSD in the Deep Water and Entrance Channels and Proposed Spoil Ground 

 

Sediments of the Deep Water Channel are much coarser than those in the proposed spoil ground.  
The difference is likely a function of the proposed spoil ground being a much deeper basin 
protected from large south-westerly swells which allow for accretion of fine sediment.  In contrast, 
the Deep Water Channel area is shallower and is exposed to both the south-western swells and the 
north-westerly winter storm events.  These conditions generally result in fine material being 
removed from the sediments leaving the coarser size classes. 
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4.2. Sediment Metals 

Sediment metal levels measured in samples collected from the Deep Water Channel and the 
Entrance Channel are provided in Table 4-2.  The 95% UCL for all metals analysed for in the Deep 
Water Channel and Entrance Channel dredge areas were below NODGDM guideline screening 
levels. 

 Table 4-2 Sediment metals at Deep Water Channel and Entrance Channel 

Parameter Units 
NODGDM Guidelines Sediment Concentration (95% UCL) a 

Screening Maximum Deep Water 
Channel 

Entrance Channel  
(0-50 cm) 

Entrance Channel 
(50-100 cm) 

Antimony mg/kg 2 25 0.1 0.2 0.5
Arsenic mg/kg 20 70 2.8 2.2 2.3
Cadmium mg/kg 1.5 10 0.1 0.1 0.1
Chromium mg/kg 80 370 10.0 9.8 10.0
Copper mg/kg 65 270 0.3 3.7 1.5
Lead mg/kg 50 220 0.8 7.9 5.6
Mercury mg/kg 0.15 1 0.02 0.0 0.0
Nickel mg/kg 21 52 0.3 0.7 0.2
Silver mg/kg 1 3.7 0.1 0.1 0.1
Zinc mg/kg 200 410 0.6 13.2 8.3
a Only one sediment core was possible from Entrance Channel sediments in the 50-100 cm depth range due to corer 

refusal. 
 

4.3. Sediment Tributyltin 

TBT and TOC measured at the Deep Water Channel and the Entrance Channel dredge areas are 
presented in Table 4-3.  The 95% UCL for TBT in the Deep Water Channel was below the 
NODGDM guideline screening level.  However, the 95% UCL for TBT in the top layer (0–50 cm) 
of the Entrance Channel was above the NODGDM guideline screening level but below the 
maximum level. The bottom layer (50–100 cm) of the Entrance Channel was below the NODGDM 
guideline screening level. 
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 Table 4-3 Sediment TBT at Deep Water Channel and Entrance Channel 

Parameter Units 

NODGDM Guidelines Sediment Concentration (95% UCL) a 

Screening Maximum 
Deep Water 

Channel 
Entrance 

Channel (0-
50 cm) 

Entrance 
Channel (50-

100 cm) 

Tributyltin b (µg/kg) 5 70 1.3 8.6 0.6 
    Mean±SD 

TOC % ─ ─ 0.08±0.03 0.27±0.17 0.44±0.00 
a Only one sediment core was possible from Entrance Channel sediments in the 50–100 cm depth range due to corer 

refusal. 
b Normalised to 1% TOC. 
Note:  Exceedances of NODGDM screening level in bold. 
 

4.4. Sediment Polychlorinated Biphenyls 

Total Polychlorinated Biphenyls (PCBs) measured at the Deep Water Channel and the Entrance 
Channel dredge areas are presented in Table 4-4.  The 95% UCL for Total PCBs in the Deep 
Water Channel and the Entrance Channel were below the NODGDM guideline screening level. 

 Table 4-4 Sediment Total PCB at Deep Water Channel and Entrance Channels 

Parameter Units 

NODGDM Guidelines Sediment Concentration (95% UCL) a 

Screening Maximum 
Deep Water 

Channel 
Entrance 

Channel (0-
50 cm) 

Entrance 
Channel (50-

100 cm) 

Total PCBs b (µg/kg) 23 - 12.5 11.2 5.7 
a Only one sediment core was possible from Entrance Channel sediments in the 50-100 cm depth range due to corer 

refusal. 
b Normalised to 1% TOC. 
 

4.5. Sediment Pesticides 

Pesticides measured in the Deep Water Channel and the Entrance Channel dredge areas are 
presented in Table 4-5.  The PQL was set below NODGDM screening levels, where possible; 
however, for dieldrin, lindane and endrin the NODGDM screening levels are below the PQL that 
commercial laboratories are able to test.  Section 3.10.2 of the NODGDM states that where these 
substances are detected during testing, then they considered to be present above the screening level.  
Pesticides were not reported above the PQL at any site within the Deep Water Channel or the 
Entrance Channel areas and therefore sediments from both dredge areas were below the NODGDM 
guideline screening levels. 
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 Table 4-5 Sediment Pesticides at Deep Water Channel and Entrance Channel 

Parameter Units 

NODGDM Guidelines Sediment Concentration (95% UCL) a 

Screening Maximum
Deep Water 

Channel 
Entrance 
Channel 

(0–50 cm) 

Entrance 
Channel 

(50–100 cm) 

pp'-DDD µg/kg 2 20 <PQL <PQL <PQL 
pp'-DDE µg/kg 2.2 27 <PQL <PQL <PQL 
pp'-DDT µg/kg 1.6 46 <PQL <PQL <PQL 

Total DDT+DDD+DDE µg/kg – – <PQL <PQL <PQL 

Dieldrin µg/kg 0.02 8 <PQL <PQL <PQL 
alpha-Chlordane µg/kg 0.5 6 <PQL <PQL <PQL 
gamma-Chlordane µg/kg 0.5 6 <PQL <PQL <PQL 
Lindane µg/kg 0.32 1 <PQL <PQL <PQL 
Endrin µg/kg 0.02 8 <PQL <PQL <PQL 

alpha-BHC µg/kg – – <PQL <PQL <PQL 

beta-BHC µg/kg – – <PQL <PQL <PQL 

delta-BHC µg/kg – – <PQL <PQL <PQL 

Aldrin  µg/kg – – <PQL <PQL <PQL 

alpha-Endosulfan µg/kg – – <PQL <PQL <PQL 

beta-Endosulfan µg/kg – – <PQL <PQL <PQL 

Endosulfan sulphate µg/kg – – <PQL <PQL <PQL 

Endrin Ketone µg/kg – – <PQL <PQL <PQL 

Heptachlor µg/kg – – <PQL <PQL <PQL 

Heptachlor epoxide µg/kg – – <PQL <PQL <PQL 

Methoxychlor µg/kg – – <PQL <PQL <PQL 

Total organochlorine pesticides µg/kg – – <PQL <PQL <PQL 

a Only one sediment core was possible from Entrance Channel sediments in the 50-100 cm depth range due to corer 
refusal. 

 

4.6. Sediment Polycyclic Aromatic Hydrocarbons 

Polycyclic Aromatic Hydrocarbons (PAHs) measured in the Deep Water Channel and the Entrance 
Channel dredge areas are presented in Table 4-6.  The 95% UCL for PAHs in the Deep Water 
Channel were below the NODGDM guideline screening level and therefore the sediment is 
considered uncontaminated with respect to PAHs. 

The 95% UCL in Entrance Channel sediments exceeded NODGDM screening and maximum levels 
for a number of PAHs in the 0 to 50 cm layer and at the single site where a deeper core of 50 – 100 



Sampling and Analysis Plan Implementation Report 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\Appendices\Appendix C  SAP Report Ocean Disposal Rev 5_Final.docPAGE 
36 

cm was possible (see Table 4-6).  As certain PAHs were found to be present above the screening 
level and also above background levels at the proposed spoil ground site, (i.e. no PAHs were 
detected at the spoil ground), further testing of the sediments in the Entrance Channel proposed 
dredge area is therefore required to investigate bioavailability (see Section Error! Reference 
source not found.). 

 Table 4-6 PAH at Deep Water Channel and Entrance Channel 

Parameter Units 

NODGDM Guidelines Sediment Concentration (95% UCL) a 

Screening Maximum
Deep 
Water 

Channel

Entrance 
Channel 

(0–50 cm) 

Entrance 
Channel 

(50–100 cm)

Proposed 
Spoil 

Ground 

PAHs 
Acenaphthene b µg/kg 16 500 10.0 22 9 <PQL 
Acenaphthylene b µg/kg 44 640 10.0 82 209 <PQL 
Anthracene b µg/kg 85 110 10.0 168 138 <PQL 
Fluorene b µg/kg 19 540 10.0 51 22 <PQL 
Naphthalene b µg/kg 160 2100 12.5 27 58 <PQL 
Phenanthrene b µg/kg 240 1500 10.0 322 167 <PQL 
Low Mol Wt PAHs µg/kg 552 3160 62.5 673 603 <PQL 
Benzo[a]anthracene b µg/kg 261 1600 10.0 293 1034 <PQL 
Benzo[a]pyrene b µg/kg 430 1600 10.0 358 1390 <PQL 
Dibenzo[ah]anthracene b µg/kg 63 260 10.0 33.5 123 <PQL 
Chrysene b µg/kg 384 2800 10.0 256 926 <PQL 
Fluoranthene b µg/kg 600 5100 10.0 636 1641 <PQL 
2-methylnaphthalene b µg/kg 70 670 12.0 17 28 <PQL 
Pyrene b µg/kg 665 2600 31.8 712 1782 <PQL 
High Mol Wt PAHs  µg/kg 1700 9600 93.8 2308 6923 <PQL 
Total PAH  µg/kg 4000 45000 156.3 2980 7526 <PQL 
a Only one sediment was able to be taken from Entrance Channel sediments in the 50-100 cm depth range due to 

corer refusal. 
b Normalised to 1% TOC. 
Note:  Exceedances above NODGDM screening are in italics; above maximum are in italics and bold). 
 

4.7. Quality Control 

4.7.1. Laboratory Quality Control Analyses 

Analytical quality control data (blanks, duplicates and spiked samples) for the various sediment 
analyses are contained in the laboratory reports can be provided on request.  All laboratory test 
parameters met NATA criteria. 
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4.7.2. Field Quality Control Samples 

The quality control data for the field samples (triplicates and split samples) are provided as relative 
standard deviation (RSD) and relative percent difference (RPD) of each parameter for the Deep 
Water Channel and the Entrance Channel in Table 4-7 and Table 4-8, respectively.  Section 3.6 of 
the NODGDM indicates that the RSD for a series of triplicates samples should be less than50% 
whereas the RPD for split samples should be less than 35%.   

There were insufficient QA/QC samples containing the organics OC pesticides, PAHs and PCBs to 
undertake a valid comparison of RSD or RPD.  There were also insufficient samples collected 
below 50 cm to undertake a valid comparison of RSD or RPD.   

The results of the field quality control samples were as follows: 

 The RSD was below the 50% criterion for all parameters in all triplicates from the Deep Water 
and Entrance Channels. 

 The RPD in all splits was below the 35% criterion for all parameters with the exception of the 
following: 

 Deep Water Channel:   

– Antimony – split levels for antimony were at and below the PQL; that is, the 
difference in levels in this split sample is not significant. 

– Zinc – this is a reflection of very small changes in concentration at very low levels 
representing a large percentage change. 

 Entrance Channel:   

– TBT – split levels for TBT were at and below the PQL; that is, the difference in levels 
in this split sample is not significant. 
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 Table 4-7 Quality control data for the Deep Water Channel 

Parameter Units PQL RSD 50% RPD 35% 

Antimony mg/kg 0.1 4.3% 66.7% 
Arsenic mg/kg 0.1 5.0% 8.0% 
Cadmium mg/kg 0.1 0.0% 0.0% 
Chromium mg/kg 0.1 2.7% 0.0% 
Copper mg/kg 0.1 7.4% 0.0% 
Lead mg/kg 0.1 5.5% 22.2% 
Mercury mg/kg 0.01 9.3% 0.0% 
Nickel mg/kg 0.1 26.4% 0.0% 
Silver mg/kg 0.1 0.0% 0.0% 
Zinc mg/kg 0.1 5.7% 40.0% 
TBT µgSn/kg 0.2 0.0% 0.0% 
TOC % 0.02 6.3% 0.0% 
Note:  Values in bold exceed the RPD criteria of 35% or RSD criteria of 50%. 

 

 Table 4-8 Quality Control Data for the Entrance Channel 

Parameter Units PQL RSD 50% RPD 35% 

Antimony mg/kg 0.1 13.9% 0.0% 
Arsenic mg/kg 0.1 11.9% 9.4% 
Cadmium mg/kg 0.1 0.0% 0.0% 
Chromium mg/kg 0.1 3.5% 8.9% 
Copper mg/kg 0.1 7.1% 11.7% 
Lead mg/kg 0.1 10.7% 0.8% 
Mercury mg/kg 0.01 26.2% 0.0% 
Nickel mg/kg 0.1 18.2% 5.3% 
Silver mg/kg 0.1 0.0% 0.0% 
Zinc mg/kg 0.1 28.3% 12.9% 
TBT µgSn/kg 0.2 3.9% 55.6% 
TOC % 0.02 9.5% 9.6% 
Note:  Values in bold exceed the RPD criteria of 35% or RSD criteria of 50%. 

 
These datasets indicate that the sampling program and subsequent analysis of metals and TBT were 
within specification and agreed level of variability for replicates. Split samples, however, were 
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more variable due to concentrations being close to or below PQL levels resulting in large 
percentage changes from very small changes to concentrations.  It is often the case that RPDs 
exceed the required criterion when levels are at such low levels.   

4.7.3. Holding Times 

All holding times stipulated in the NODGDM were adhered to with the exception of the 14 day 
holding time stipulated for analysis of sediments for organics, including TBT.  The NODGDM 
recommends analytical procedures specified by the USEPA or other procedures that have been 
validated on USEPA methods (see Section 3.5.3 of the NODGDM).  The grouping of organotins 
with the general semivolatile organics such as PAHs and organochlorine pesticides has been argued 
as flawed and not strictly based on scientific grounds, with regard to holding times, particularly 
given that the chemistry of organotins is entirely different to semivolatiles such as PAHs and 
pesticides (Quevauviller and Donard 1991).  In fact, current knowledge on the stability of 
organotins indicates that they are very stable in both sediments and seawaters if stored in the dark 
under cold storage conditions, (refer to example Tables 7 and 8, page 10 in Quevauviller and 
Donard (1991)).  This shows that organotins are stable in cold storage for up to 120 days in 
sediments.  It is therefore considered that for all samples, the potential for the concentrations of 
TBT present to be altered by analysis outside NODGDM holding times for organics of 14 days is 
not significant. 
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5. Additional Testing 
5.1. Elutriate Testing 

Sediment samples were obtained for elutriate analysis from eight (8) sites (EC1, EC3, EC4, EC5, 
EC6, EC7, EC9 and EC10).  These consisted of composite samples of the entire length of the 
recovered core. 

The method and analytical PQL for the elutriate testing to performed are provided in Table 5-1.  
Analyses were undertaken by ALS, a laboratory that are accredited (NATA 825) for the parameters 
to be measured.  Samples were consigned using a chain of custody. 

 Table 5-1 Analytical methods and PQLs for elutriate testing 

Parameter Units Method PQL ALS 

PAHs μg/L 
USEPA 3640/8270 

GPC/GC/FPD 
0.05-0.1  

TBT ng Sn/L In house GC/ MS 2  
 
Data will be tested for normality and median values for each parameter were compared to the 
ANZECC/ARMCANZ (2000) guideline values. 

5.2.1 Sampling Procedures 

Sediment samples for elutriate analysis from the Entrance Channel were collected using 
polycarbonate cores by a scientific diver on SCUBA (see Table 5-2).  Between sampling events, 
the sediment cores were thoroughly washed in Decon 90 and rinsed with seawater from the site.  

 Table 5-2 Sample containers, preservation, storage and transportation 

Parameter Container Preservation and 
Storage Transportation 

TBT and PAHs 1 x 250 mL glass jar & 3 L 
of seawater per sample 

Refrigerated Transported to 
laboratory at <4°C 
within 1-2 days 

 

Elutriate testing Results 

Results from elutriate testing showed Tributyltin was below the detection levels (<0.005 μgSn/L) at 
all eight Entrance Channel sites.  Polycyclic Aromatic Hydrocarbons (PAH) levels were also below 
detection levels at all eight Entrance Channel sites.  
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6. Summary 
Material to be dredged from the Deep Water Channel is considered suitable for unconfined ocean 
disposal.  Material to be dredged from the Entrance Channel would require further tested as; 
however, the material from ‘hot spots’ (sites EC4, EC5, EC8 and EC10) will be dredged and placed 
on land at Rous Head. 

Once the four hot spots are removed the remaining sediment concentrations fall below the 
screening level and are acceptable for unconfined disposal to sea (see Table 6-1).  However, to 
facilitate disposal of this material to land at Rous Head elutriate data were gathered.  This was done 
to assess the potential of TBT and PAHs found in the sediments to become soluble in the return 
water that will be discharged from Rous Head. 

The elutriate results indicated that both TBT and PAH are sediment bound and would not become 
soluble when the sediments are disturbed during dredging and on-shore disposal.   
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 Table 6-1 Entrance Channel sediment data excluding hot spots 

Parameter Units 

NODGDM Guidelines Sediment Concentration 
(95% UCL) a 

Screening Maximum 
Entrance 
Channel 

(0–50 cm) 

Entrance 
Channel 

(50–100 cm) 

Antimony mg/kg 2 25 0.2 ─ 
Arsenic mg/kg 20 70 2.5 ─ 
Cadmium mg/kg 1.5 10 0.1 ─ 
Chromium mg/kg 80 370 8.7 ─ 
Copper mg/kg 65 270 3.6 ─ 
Lead mg/kg 50 220 9.0 ─ 
Mercury mg/kg 0.15 1 0.1 ─ 
Nickel mg/kg 21 52 0.6 ─ 
Silver mg/kg 1 3.7 0.1 ─ 
Zinc mg/kg 200 410 8.6 ─ 
TBT b      

Organochlorine Pesticides µg/kg   <PQL ─ 

Polycyclic Aromatic Hydrocarbons      
Acenaphthene b µg/kg 16 500 10.2 ─ 
Acenaphthylene b µg/kg 44 640 28.2 ─ 
Anthracene b µg/kg 85 110 35.0 ─ 
Fluorene b µg/kg 19 540 11.4 ─ 
Naphthalene b µg/kg 160 2100 14.0 ─ 
Phenanthrene b µg/kg 240 1500 62.1 ─ 
Low Mol Wt PAHs µg/kg 552 3160 150.4 ─ 
Benzo[a]anthracene b µg/kg 261 1600 123.2 ─ 
Benzo[a]pyrene b µg/kg 430 1600 218.2 ─ 
Dibenzo[ah]anthracene b µg/kg 63 260 25.1 ─ 
Chrysene b µg/kg 384 2800 106.0 ─ 
Fluoranthene b µg/kg 600 5100 199.6 ─ 
2-methylnaphthalene b µg/kg 70 670 12.5 ─ 
Pyrene b µg/kg 665 2600 237.2 ─ 
High Mol Wt PAHs µg/kg 1700 9600 1384.9 ─ 
Total PAH µg/kg 4000 45000 1533.2 ─ 
a Only one sediment core was possible from Entrance Channel sediments in the 50-100 cm depth range at EC7 due to 

corer refusal. 
b Normalised to 1% TOC. 
 



Sampling and Analysis Plan Implementation Report 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\Appendices\Appendix C  SAP Report Ocean Disposal Rev 5_Final.docPAGE 
43 

5 References 
ANZECC/ARMCANZ.2000.  Australian and New Zealand Guidelines for Fresh and Marine Water 
Quality.  Australian and New Zealand Environment and Conservation Council/Agriculture and 
Resource Management Council of Australia and New Zealand. 

Environment Australia. 2002.  National Ocean Disposal Guidelines for Dredged Material.  
Commonwealth of Australia. 

Environmental Protection Authority (EPA). 2004. Benthic Primary Producer Habitat Protection for 
Western Australia’s Marine Environment- Guidance Statement No. 29. Environmental Protection 
Authority, Perth, WA. 

Fremantle Ports Authority (FPA). 2000. Inner Harbour Development Plan. Plan prepared by 
Fremantle Port Authority. 

Fugro. 2006.  Report for the Deep Water Channel Investigation Geophysical Survey for Fremantle 
Ports.  Fugro Survey Pty Ltd (14th September to 14th November 2006). 

Quevauviller, P.H. and Donard, O.F.X. 1991. Organotin Stability During Storage of Marine Waters 
and Sediments. Resenius’s Zeitschrift fur Analytical Chemistry, Vol. 339, p6-14. 

Sinclair Knight and Merz.2003. Fremantle Ports Inner Harbour Maintenance Dredging 2003 Final 
Monitoring Report. Report prepared by SKM for Fremantle Ports. 

Water and Rivers Commission (now Department of Water), (2001 to 2007).  Fremantle Port 
Authority: Marine Quality Monitoring Program, Annual Reports from 2001 to 2007. 



Sampling and Analysis Plan Implementation Report 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\Appendices\Appendix C  SAP Report Ocean Disposal Rev 5_Final.docPAGE 
44 

6 Glossary 
Term Definition 

º Degree(s) 
ºC Degree(s) Celsius  
% Percent 
ALS Australian Laboratory Services 
ANZECC Australia and New Zealand Environment and Conservation Council 
BPP Benthic Primary Producer  
BPPH Benthic Primary Producer Habitat 
BTEX Benzene, Toluene, Ethylbenzene and Xylene (volatile organic compounds) 
COC Chain of Custody 
DEW Department of the Environment and Water Resources 
DEWHA Commonwealth Department of Environment, Water, Heritage and the Arts 
DGPS Differential Global Positioning System  
DOSP Dive Operations Safety Plan 
DWC Deep Water Channel 
EC Entrance Channel 
e.g. For Example 
EPA Environmental Protection Authority 
JSEA Job Safety Environment Analysis 
km Kilometre(s) 
LWMF Low Water Mark Fremantle 
m Metre(s) 
m3 Metre(s) Cubed 
MQMP Marine Quality Monitoring Programme 
NODGDM National Ocean Disposal Guidelines for Dredged Material 
PAH Polycyclic  Aromatic Hydrocarbons 
PQL Practical Quantitation Limit 
PSD Particle Size Distribution 
RSD Relative Standard Deviation 
RPD Relative Percent Difference 
SAP Sampling and Analysis Plan 
SKM Sinclair Knight Merz 
TBT Tributyltin 
TOC Total Organic Carbon 
TPH Total Petroleum Hydrocarbons 
USEPA United States Environmental Protection Agency 
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Appendix A-1 Site Evaluation for an Ocean 
Disposal Area Report 
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1. Introduction 
1.1. Objectives 

The objective of this study was to undertake baseline water quality monitoring in the Project Area 
associated with Fremantle Ports’ Inner Harbour Deepening Project.  This water quality baseline 
monitoring programme has been established by Sinclair Knight Merz (SKM) on behalf of 
Fremantle Ports.  The baseline data presented will be used to: 

• Predict potential water quality impacts of the Deepening Project;  

• Predict potential ecological impacts; and 

• Provide environmental quality criteria against which monitoring during construction can be 
compared. 

The baseline water quality monitoring programme has been designed to specifically address issues 
arising from the impact assessment process and focuses on the three locations (Figure 2.1): 

• Proposed  offshore spoil ground (Gage Roads) 

• Hall Bank (coral area); and 

• Rous Head (reclamation area). 

Of particular interest are the background turbidity, total suspended solids and light climate 
components of the monitoring program. These values are important for estimation of minimum 
light requirements for benthic primary producers (BPP) and the determination of appropriate 
threshold values for prediction of potential impacts.  
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2. Water Quality Monitoring  
2.1. Monitoring Site Description 

The coordinates of the three monitoring sites, Rous Head, Hall Bank and Spoil Ground are 
presented in Table 2-1, with their locations shown on Figure 2.1. Details of each site are provided 
in Sections 2.1.1, 2.1.2 and 2.1.3, respectively.   

 Table 2-1 Coordinates of Monitoring Sites (WGS 84) 

Site Longitude Latitude Depth (m) 

Hall Bank 
115 º42.755’ 32º01.792’ 6 

115 º42.741’ 32º 01.769’ 12 

Proposed Spoil Ground 115°40.438’ 32°00.836’ 20 

Rous Head 115°44.069' 32° 02.305’ 8 
 

 

 Figure 2.1 Location of Baseline Water Quality Monitoring Sites, Fremantle WA 
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2.1.1. Rous Head 

The vast majority of the Rous Head area has been reclaimed from the sea.  The seabed depth within 
and adjacent to the proposed reclamation area ranges from RL-3 to RL-5 m (LWMF) and is 
comprised of coarse sand over limestone pavement belonging to the geological formation known as 
the ‘Cottesloe Fringing Bank Unit’.  It is typical of the sandy nearshore habitat found along much 
of the northern metropolitan coast line.  Exposed areas of pavement are seasonally covered with 
macroalgae.  Ephemeral seagrass (Halophila spp.) can also occur at low densities within the area, 
but the area does not support Posidonia spp. or Amphibolis spp. seagrass meadows.   

2.1.2. Hall Bank 

Hall Bank lies approximately 3 km to the northwest of Rous Head on the edge of the shipping 
channel.  The bank rises to approximately 6 m water depth from surrounding waters of around 15 
m depth.  It is around 250 m long and 50 to 100 m wide and has a high percentage of coral cover in 
some areas.  The extent and high cover makes the Hall Bank coral community unique and of high 
conservation significance.  Baseline water quality and light climate data are to be used to determine 
site specific criteria for monitoring during dredging at this site.   

2.1.3. Spoil Ground (Gage Roads) 

The proposed spoil disposal area is in a natural depression on the western margin of Gage Roads to 
the west of the Deep Water Channel in an existing ship anchorage. 

A survey of the area by SKM divers indicated that the area was largely devoid of benthic flora and 
fauna apart from a few small patches of the seagrass Halophila spp. The area is used as an 
anchorage for ships using Fremantle Port. Anchors and prop wash are known to disturb the bottom 
sediments and influence water quality on occasion.   

2.2. Sampling Approach 

In order to adequately establish baseline information on natural variability in the local area’s water 
quality, the following parameters of relevance to potential dredging impacts were measured: 

 Turbidity (Nephelometric Turbidity Units (NTU)); 

 Total Suspended Solids (TSS) (mg L-1); 

 Light Climate (Photosynthetically Active Radiation (PAR) - µmole/m²/sec); 

 Light Attenuation Coefficient (LAC); and 

 Sedimentation rate (cm2/day). 
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Table 2-2 outlines the method of measurement used at each of the sampling sites. A full material 
list is presented in Appendix A. 

 
 Table 2-2 Sampling Regime at Each of the Marine Water Quality Monitoring Sample Sites 

Site Troll Light 
Logger 

Sedimentation 
Trap 

Light 
Attenuation TSS NTU 

Hall 
Bank 

6 m X X X 
X X X 

12 m X X 
Spoil Ground X X X 

Rous Head X X X 

 

2.3. Monitoring Schedule  

The baseline water quality monitoring programme began on the 12th October 2007 with the initial 
deployment of the Troll turbidity logger at Hall Bank. Monitoring was completed on the 14th of 
November 2008. A detailed breakdown of deployment/retrieval and sampling dates are presented 
in Appendix B. 

2.3.1. Turbidity 

2.3.1.1. Logger 

Turbidity (NTU), along with temperature (°C), conductivity (µS/cm), dissolved oxygen (DO) 
(mg/L) and pH measurements were recorded in situ at Hall Bank every 30 minutes, 24 hours a day, 
using a Troll 9500 Multi Parameter Water Quality Unit. The unit consists of a XP ISE turbidity 
sensor; pH/ORP sensor; and a DO Clark Electrode, fitted with automatic wipers to keep the 
turbidity probe clean.  

The Troll 9500 was positioned in 6 m of water on the top of Hall Bank. Prior to deployment, the 
unit was calibrated by the supplier EnviroEquip (Perth, WA). The Troll was retrieved 
approximately every two weeks (see Section 2.3) by divers, where the data was then downloaded 
to a “Rugged Reader” control and data logging Pocket PC. The data obtained was briefly reviewed 
aboard the vessel to check for accuracy and to ensure the instrument is working effectively. The 
nephelometer on the Troll was also intermittently checked for accuracy with the use of two known 
NTU standards, 10 NTU and 180 NTU. In instances where the instrument was damaged or yielded 
poor quality data, the instrument was returned to EnviroEquip for servicing and recalibration. 
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2.3.1.2. Water Samples 

Turbidity (NTU) was determined from depth integrated water samples obtained from immediately 
below the surface, mid-water and one meter above the seabed, at each of the three sites. Two 
replicate water samples were taken from each of the designated depths approximately every two 
weeks (see Section 2.3) using either a water pump or ‘Niskin’ bottle and sent to Australian 
Laboratory Services (ALS) or the Marine and Freshwater Research Laboratory (MAFRL; see 
Section 2.3.4) for analysis of NTU with a reporting limit of <0.1 NTU.  Samples sent to ALS were 
1 L in volume, whereas those sent to MAFRL were 5 L.   

2.3.2. Total Suspended Solids 

The water samples collected as described in Section 2.3.1.2 were also analysed for TSS with a 
reporting limit of <0.5 mg/L.  

2.3.3. Sedimentation 

Sediment traps measuring 11.5 cm by 5 cm were deployed at Hall Bank. Three replicate traps were 
placed at 6 m depth on the top of the reef, while the other three are located in 12 m of water at the 
bottom of the reef at a bearing of 330º from the permanent loggers on top of the reef. The sediment 
traps were removed and emptied approximately every 2 weeks (see Section 2.3). The contents of 
the trap were bottled and sent to ALS or MAFRL (Section 2.3.4) for analysis of sediment dry 
weight (mg). 

The sediment dry weight determined from each of the traps was converted into a gross 
sedimentation rate and expressed as mg cm-2 d-1 using the formulae: 

 

 

 

2.3.4. Laboratory Analysis 

Two different analytical laboratories were used throughout the baseline monitoring period; 
MAFRL and the Environmental Division of ALS. ALS was initially used as the preferred 
laboratory for the analysis of NTU, TSS and sedimentation rates. Poor and unrealistic results were 
continually obtained from ALS which led to the change in laboratories and water sample collection 
protocols on the 26th February 2008. MAFRL became the primary analytical laboratory used 
throughout the baseline monitoring programme. 

(Sediment dry weight (mg)/Area of trap (πr2))

Duration of trap deployment (days) 
Sedimentation Rate =  
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2.3.5. Light Climate 

2.3.5.1. Odyssey Light Loggers 

Odyssey Photosynthetic Irradiance Loggers (2π) were used to measure light climate at Hall Bank 
continuously 24 hours a day, as well as to determine the local vertical LAC. Two loggers were 
fixed at 6 m and 12 m depths at Hall Bank to determine the extent of PAR at the two depths. Data 
was downloaded from the instruments approximately every 2 weeks (see Section 2.3) and briefly 
checked for approximate accuracy prior to redeployment for the next monitoring period. The 
loggers record the data as 'integrated counts' which is then converted into mV/sec by dividing the 
integrated counts by the duration of the instrument scan time (20 minutes or 1200 seconds). The 
data was calibrated according to the calibration protocol – NASA/TM-2003-211621/Rev4-vol.II by 
applying the calibration coefficient specific to the instrument, allowing the data to be expressed as 
µmole m2 s-1.  

 

The vertical LAC between 10 am and 2 pm for Hall Bank was calculated by: 

 

 

 

2.3.5.2. LiCOR Instantaneous Light Profile 

Two LiCOR sensors were used simultaneously to obtain data on the change in light environment 
with depth through the water column at each of the three monitoring locations. One sensor was 
placed on the flybridge of the vessel to determine the ambient light environment, while the other 
was lowered through the water column taking readings at 0.5 m increments to the depth of 8 m, and 
then every 1 m thereafter if depth permitted. The LiCOR was set-up to record the average reading 
for a 15 second period exposure at each of the designated depths. The PAR values obtained from 
the ‘in-water’ LiCOR were normalised to ambient ‘out-of-water’ PAR in order to account for the 
changes cloud cover (and hence PAR) between monitoring dates. 

The LAC was then calculated by applying the subsurface solar zenith (from the time of sampling) 
to the normalised PAR values. This calculation corrects the data to account for the change in sun 
angle (and hence, intensity) whilst recording the instantaneous profiles. 

Log10 (6 m Light Logger) – Log10 (12 m Light Logger) 
6 m (distance between the instruments) 

LAC = 
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3. Monitoring Results 
3.1. Overview 

The following results section examines the data collected during the baseline water quality 
monitoring programme from 12th October 2007 to 14th November 2008. The data report will be 
updated for inclusion in the Dredging and Spoil Disposal Management Plan (DSDMP).  

3.2. Baseline Monitoring Period Weather 

The weather varied greatly over the baseline monitoring period, as data was collected over all 
seasons. Over this period, mean sea level (MSL) pressure oscillated as a result of passing high and 
low pressure systems and associated weather events (Figure 3.1). MSL pressure ranged from 999.8 
hPa on 31st March 2008 to a maximum of 1,038 hPa on 21srAugust 2008. 

The wind conditions were typical of the patterns generally experienced over the year. During the 
summer/autumn period, winds were generally light from the east in the morning followed by 
stronger prevailing south to southwest sea breeze in the afternoon. During the winter period, winds 
were generally lighter except during storm events. Daily mean wind speeds over the period ranged 
from calm to 31 km/hr (BOM 2008) (Figure 3.2), with wind gust up to 76 km/hr (Figure 3.3). 

 

 Figure 3.1 Mean Daily Mean Sea Level (MSL) air pressure during the interim baseline 
monitoring period (BOM 2008) 
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 Figure 3.2 Morning (9am) and afternoon (3pm) wind speeds during the interim baseline 
monitoring period (BOM 2008) 

 

 

 Figure 3.3 Daily maximum wind gusts during the interim baseline monitoring period 
(BOM 2008) 
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3.3. Water Quality 

3.3.1. Turbidity 

As stated in Section 2.3.1, turbidity was determined by two methods: an in situ logger at Hall 
Bank, and analysis of water samples from each of the three monitoring locations obtained every 
two weeks.  

Mean turbidity at Hall Bank was consistently low over the baseline period, ranging from 0.2 to 1.3 
NTU as determined from the samples collected throughout the water column (Figure 3.4). 
Turbidity levels were fairly consistent throughout the water column, although on occasion the 
turbidity near the seabed was higher than at surface or mid-water depth. 

 

 Figure 3.4 Mean turbidity (determined from replicate water samples) through the water 
column at Hall Bank for each of the baseline water quality sampling dates 

 

Daily median turbidity values determined from the in situ logger were more variable, ranging from 
0.1 to 9.8 NTU over the baseline monitoring period (Figure 3.5). For the majority of the 
monitoring period, turbidity values remained relatively low, with the daily median values generally 
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remaining below 2 NTU. Of the twelve turbidity peaks over 2 NTU (Figure 3.5), all but two were 
on days where wind gusts exceeded 50 km/hr (Figure 3.3). The turbidity water samples collected 
at various times over the monitoring period and submitted to MAFRL for analysis coincided well 
with the troll in situ logger (Figure 3.5).  However as sampling occurred on relatively calm days all 
results were less than 2 NTU. 

 

 
 Figure 3.5 Daily median turbidity (NTU) at Hall Bank (6 m deep) and laboratory 

determined turbidity over the baseline monitoring period 

 

Technical problems associated with the Troll 9500 instrument (i.e. set-up, calibration and data 
retrieval problems) and the removal of poor quality data (i.e. due to sensor drifting, fouling of the 
NTU probe and faulty NTU sensor wiper), resulted in three significant periods of missing data 
(Figure 3.5). Although preventative measures, such as an increased maintenance regime and 
operational protocol, were put into place in the first instance to minimise the chance that these 
problems would occur again, data was still lost. 

Turbidity at Rous Head and Spoil Ground displayed a similar trend to that of Hall Bank as 
determined from the analysed water samples. Mean NTU values at Rous Head and Spoil Ground 
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ranged from 0.25 to 2.05 NTU and 0.25 to 2.35 NTU respectively (Figure 3.6 and Figure 3.7). At 
both sites the NTU determined from water samples remained consistently low (< 2.5 NTU), with 
the NTU levels at the seabed generally being more elevated than that at the surface (Figure 3.6 and 
Figure 3.7).   

 

 

 Figure 3.6 Mean turbidity (determined from replicate water samples) through the water 
column at Rous Head for each of the baseline water quality sampling 
dates 
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 Figure 3.7 Mean turbidity (determined from replicate water samples) through the water 
column at the spoil ground for each of the baseline water quality sampling 
dates 

 

Table 3-1 summarises turbidity data collected during the monitoring period, at the three locations 
(raw data provided in Appendix C). The median turbidity values have been used to define baseline 
concentrations.  The median value tends to exclude excessive outlying values. Median turbidity 
levels across the three monitoring locations range from 0.4 to 0.75 NTU throughout the water 
column for the analysed water samples and 0.4 to 0.8 at Hall Bank for the in situ logger (Table 
3-1). 
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 Table 3-1 Turbidity (NTU) statistics calculated from the in-situ logger at Hall Bank and 
water samples collected over the duration of the baseline period 

Site Depth Mean SE Median Min Max 20%ile 80%ile 

Hall Bank 

Surface 0.48 0.04 0.40 0.20 1.20 0.40 0.70 

Midwater 0.48 0.04 0.40 0.20 1.00 0.30 0.70 

Seabed 0.60 0.08 0.55 0.20 1.90 0.30 0.70 

OVERALL* 0.52 0.03 0.40 0.20 1.90 0.30 0.70 

Hall Bank Logger Midwater 1.78 0.04 0.80 0.10 58.80 0.40 2.40 

Rous Head 

Surface 0.68 0.09 0.50 0.20 2.00 0.40 0.80 

Seabed 0.56 0.06 0.40 0.30 1.40 0.34 0.66 

OVERALL* 0.80 0.08 0.60 0.20 3.60 0.40 1.20 

Spoil Ground 

Surface 0.54 0.05 0.50 0.20 1.30 0.30 0.76 

Midwater 0.56 0.06 0.40 0.30 1.40 0.34 0.66 

Seabed 1.10 0.17 0.75 0.30 3.30 0.44 1.64 

OVERALL* 0.73 0.07 0.50 0.20 3.30 0.40 0.94 
* Overall values determined across each replicate throughout the water column (i.e. each sample depth) 

 

3.3.2. Total Suspended Solids 

TSS values obtained during the baseline monitoring were fairly uniform between sites with each 
site showing the highest peak on 30th June 2008 (Figure 3.8). In the three days leading up to this 
peak, monitoring sites experienced peak south-westerly winds of 50, 56 and 44 km/h (BOM 2008).  

Mean concentrations of TSS at Hall Bank, Rous Head and Spoil Ground ranged from 0.6 – 5.6 
mg/L, 0.8 – 6.65 mg/L and 0.55 – 7.0 mg/L, respectively. Over the monitoring period, the overall 
mean TSS concentrations were generally higher, and in most cases significantly greater, directly 
above the seabed than within surface and mid-water areas (Figure 3.8). The median TSS 
concentrations over the baseline monitoring period were consistently low throughout the water 
column and between sites, ranging from 0.95 to 1.8 mg/L (Table 3-2).  
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 Figure 3.8 Mean TSS (determined for duplicates) at each sampling depth across each of 
the three monitoring sites 
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 Table 3-2 Summary TSS statistics throughout the water column at each of the three 
monitoring sites 

Site Depth Mean SE Median Min Max 20%ile 80%ile 

Hall Bank 

Surface 1.30 0.16 0.95 0.60 3.80 0.70 1.70 

Midwater 1.54 0.18 1.30 0.60 4.40 0.90 1.72 

Seabed 1.73 0.23 1.40 0.60 6.10 0.88 1.92 

OVERALL* 1.52 0.11 1.20 0.60 6.10 0.80 1.98 

Rous Head 

Surface 1.93 0.25 1.60 0.25 6.20 1.00 2.60 

Seabed 2.22 0.31 1.70 0.60 8.00 1.16 3.14 

OVERALL* 2.07 0.20 1.65 0.25 8.00 1.00 2.60 

Spoil Ground 

Surface 1.67 0.23 1.40 0.60 6.10 0.88 1.92 

Midwater 1.63 0.29 1.20 0.25 8.20 0.70 1.82 

Seabed 2.33 0.30 1.80 0.70 7.60 1.10 2.84 

OVERALL* 1.87 0.17 1.40 0.25 8.20 0.90 2.20 
*Overall values determined across each replicate throughout the water column (ie. each sample depth) 

 

3.3.3. Light Climate and Light Attenuation Coefficient 

Light climate (PAR) was recorded continuously at Hall Bank over the baseline period; with the 
peaks and dips representing diurnal variation in light level (Figure 3.9). There was a seasonal 
modulation to the light ranges across the monitoring period, from high during summer, decreasing 
during autumn, low during winter and increasing during spring. Over this period, the maximum 
PAR reached 674.87 and 394.73 µmole/m²/sec at 6 m and 12 m deep respectively.  

As expected, the level of PAR recorded at 12 m deep was always less than that measured at 6 m 
deep (Figure 3.9). This is primarily due to the absorption, reflection and refraction of PAR at the 
surface and shallower regions of the water column. Once light has penetrated into the water 
column, a significant proportion is either scattered or absorbed within 10 m of the water’s surface, 
reducing the amount of PAR recorded at the 12 m logger. The summary PAR statistics are 
presented below in (Table 3-3). 
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 Figure 3.9 Hall Bank PAR (µmole/m²/sec) recorded at 6m and 12m (A); LAC (m-1) (B) 
and daily mean turbidity (C) 
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 Table 3-3 Summary light climate statistics at Hall Bank 

PAR  LAC 

6 m  12 m  Logger  LiCOR 

Mean  145.10  84.48  0.06  0.06 

SD  146.24  95.37  0.02  0.01 

n  11109  11023  2978  17 

SE  1.39  0.91  0.00  0.00 

Median  94.93  46.06  0.06  0.06 

Av. Daily Min^  0.46  0.33  0.05  ‐ 

Overall Min  0.04  0.04  0.00  0.04 

Av. Daily Max^  313.03  163.32  0.07  ‐ 

Overall Max  730.03  495.37  0.18  0.08 

Overall 20%ile  17.80  9.48  0.04  0.05 

20%ile daily maximum  113.53  70.33  0.12  ‐ 

Overall   80%ile  266.97  151.21  0.08  0.07 

80%ile daily maximum  644.72  410.00  0.16  ‐ 
 

* PAR is calculated from daylight periods only 
# LAC is calculated between 10am and 2pm daily. 
^Determined by averaging the maximum and minimum values for each day over the baseline logging period  

The extent of this reduction of PAR recorded between the 6 m and 12 m loggers was quantified by 
the determination of the light attenuation coefficient (LAC) between the two depths. The LAC 
statistics for Hall Bank each day (logger) and sampling occasions (LiCOR) are summarised in 
Table 3-3 and graphically presented in Figure 3.9. The LAC determined by instantaneous LiCOR 
profiles appears to be fairly consistent with LAC from the continuous in situ loggers, as both have a 
similar median and mean LAC over the monitoring period. The LiCOR LAC measurements were 
only a ‘snap-shot’ of the conditions at the time of sampling and therefore do not capture the full 
variation of light penetration as well as the in situ loggers (Figure 3.9). 

LAC remained relatively low throughout the baseline period (mean = 0.06 ± 0.01 m-1), however 
prominent oscillations were evident over a weekly time scale. The highest LAC occurred on 18th 
July 2008 which coincided with one of the highest maximum daily median turbidity of 5.6 NTU 
and low PAR reading for each of the loggers (Figure 3.9), this day also coincided with the highest 
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wind gusts of 76 km/hr. The relationship between these parameters indicate that at this particular 
time, the reduction in PAR penetration (i.e. increase in LAC) through the water column is a result 
of the increase in turbidity which has been attributed to the weather.  

The LAC then began to steadily rise towards the 10th April 2008 and peaked at 0.12 on the 13th 
April 2008 (Figure 3.9). This period of higher LAC coincides with the lowest levels PAR recorded 
over the monitoring period and the elevating trend in NTU and TSS as determined from water 
samples (see Sections 3.3.1 and 3.3.2). Unfortunately during this period of LAC increase, the Troll 
turbidity logger had malfunctioned (Figure 3.9), therefore not allowing us to make any direct 
conclusions about the clarity of the water column. The LAC determined by instantaneous light 
profiles are summarised in Table 3-4 and graphically represented over the baseline period below in 
Figure 3.10.  

 Table 3-4 Summary LiCOR LAC statistics for each of the monitoring locations over the 
baseline monitoring period. 

Statistic 
LiCOR LAC 

Hall Bank Rous Head Spoil Ground 

Mean 0.057 0.082 0.057 

SE 0.003 0.006 0.004 

Median 0.057 0.081 0.055 

Min 0.036 0.043 0.017 

Max 0.082 0.138 0.089 

20 %ile 0.052 0.064 0.050 

80 %ile 0.066 0.092 0.067 

 

Light penetration appears to be greater at Halls Bank and the spoil ground than at the Rous Head 
monitoring location. This may potentially be due to the sites deeper water column minimising the 
re-suspension of benthic solid particles as well as its greater distance offshore.  Dominant hard 
substrata reducing bulk sediment re-suspension at Hall Bank may also attribute to the higher 
penetration at this location. In general, Perth’s offshore waters are clearer than those nearshore due 
to their greater distance from surf, intense coastal processes and land derived run-off. At shallower 
monitoring sites such as Rous Head, swell and wave orbitals have an increased potential to 
penetrate near the seabed and cause the re-suspension of particles, leading to reduced light 
penetration (and hence a higher LAC). But as mentioned previously, the LiCOR measurements are 
only a ‘snap-shot’ of conditions. The fact that the majority of field sampling trips occurred on clear 
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and calm days is likely to contribute to the lower LAC values determined by LiCOR 
measurements.   

 

 
 Figure 3.10 LAC on each of the sampling dates over the baseline period as 

determined from instantaneous LiCOR profiles. NOTE: Solid lines 
represent the moving average LAC at each of the sites 

 

3.3.4. Sedimentation 

Daily sedimentation rates were relatively low at Hall Bank during all seasons except winter, where 
there was a large increase, especially at the 6m site (Figure 3.11). Daily sedimentation rates ranged 
from 0.15 - 344 mg/cm2/day and 0.04 – 70.9 mg/cm2/day at 6 m and 12 m water depth, 
respectively. In general, the sedimentation rate at 6 m was greater than that at 12 m with a higher 
mean rate of 38.8 (± 10.1) mg/cm2/day compared to 8.4 (± 2.1) mg/cm2/day at 12 m (Table 3-5).  
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 Table 3-5 Sedimentation statistics at Hall Bank over the baseline monitoring period 

Statistic 
Sedimentation Rate (mg/cm²/day) 

6 m 12 m 

Mean  38.8  8.4 

SE  10.1  2.1 

Median  4.1  2.0 

Min  0.15  0.04 

Max  344.4  70.9 

20%ile  0.8  0.6 

80%ile  55.4  13.7 

 

 

 
 

 Figure 3.11 Mean (±SE) daily sedimentation rate for 6 m and 12 m at Hall Bank over the 
baseline monitoring period 

 



Fremantle Ports 
Final Baseline Marine Water Quality Monitoring Report 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\Appendices\Appendix D WQ Baseline Report_CW_081210.doc PAGE  23 

4. Conclusions and Recommendations 
This monitoring programme has provided valuable site-specific baseline data on the water quality 
and light climate of the off shore marine environment in the Fremantle Inner Harbour, Channel 
Deepening , Reclamation at Rous Head and the proposed offshore spoil ground.  These data sets 
are to be used to develop threshold criteria for LAC against which to assess the potential impacts of 
dredging have been assessed in the Draft Public Environmental Review (PER).  

The use of in situ data loggers (light and turbidity) greatly increased the quantity of data obtained 
by providing continuous data throughout the monitoring period. This continuous data proved to be 
valuable, as it accounted for a range of natural variation which may not have been captured if 
monitoring was reliant on field visits only. However, fortnightly field sampling trips did provide 
confidence in logged light and turbidity results through validation with instantaneous light profiles 
and water quality sample collection.  

Due to the extensive quantities of data collected by the loggers, it was necessary to determine what 
data in this collection, and what measured parameters are essential when determining the natural 
light climate of the Project Area. Dissolved oxygen, pH and conductivity data intermittently 
captured by the loggers did not provide any valuable inputs into this monitoring phase of the 
programme, and were therefore omitted from any subsequent analysis. Given the oceanic 
environment of the monitoring sites, it is considered unlikely that the activities of the dredge and 
spoil disposal could pose a significant threat to the DO, pH or conductivity levels at the monitoring 
locations. The value of the desired logged parameters was dependant on the quality of data 
obtained from the instruments. Throughout this programme, technical difficulties with the logging 
instruments resulted in a percentage of the data missing or omitted from analysis. However, the 
continuous periods of data that have been obtained, coupled with field trip data is deemed sufficient 
enough to draw general conclusions and trends on baseline water quality and light climate at the 
monitoring sites. 

Despite early problems with flooding (later fixed by manufacturer), the light logging equipment 
was far more robust and reliable than the Troll 9500 loggers. Recalibration of the turbidity sensors 
in the field and regular servicing of the instruments by the supplier was implemented during the 
latter half of this monitoring programme. However, unreliable data obtained from the Troll loggers 
continued to be a problem throughout the baseline monitoring period. 

The data gaps for water sample analysis (NTU and TSS) over the interim baseline period were 
largely a result of the poor quality data obtained from ALS being omitted from analysis. By 
neglecting to rinse TSS filter papers with DI water to remove any salt particles, which would add to 
the weight after drying, resulted in the values reported by ALS far exceeding realistic levels of TSS 
expected for the region. Water sample TSS and NTU values reported herein were those obtained 
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from MAFRL, who rinsed the TSS filter papers and also requested five litres of water for filtering 
to improve the accuracy of the reading.   

The measurement of gross sedimentation rate, using sediment traps, provided useful data regarding 
the potential for the retention of sediments of a monitoring location from a dredge plume. 
Although, the traps worked effectively, however it became evident during the programme that 
octopus were utilising the traps as a habitat and place to feed. Early on in the program, it was likely 
that the variation observed between adjacent traps, and possibly sampling occasions, were a result 
of the increased matter (i.e. shells, stones) brought into the traps by feeding octopus. However, due 
to the addition of octopus exclusion devices the remainder of the data was accurate. 

Comparisons of the data obtained during this baseline monitoring program with the Environmental 
Quality Guidelines for Cockburn Sound (EPA 2005) were only possible for light attenuation, as 
turbidity and total suspended solids have not been added to the guidelines as yet.  Light attenuation 
coefficients were obtained from each of the three sites, Rous Head, Hall Bank and Spoil Ground on 
fortnightly basis, while at Hall Bank a continual data set for light attenuation was also obtained. 
The median light attenuation coefficients for both sets of data obtained from Hall Bank were very 
similar (0.06 m-1), therefore it was assumed that the spot monitoring captured the overall baseline 
data adequately at each site.  The guidelines state that the median value of the defined area during 
the non river flow period is not to exceed the value 0.09 m-1 (the high protection guideline).  The 
median for each of the sites encompassed a whole years data including winter (the river flow 
period), however none of the sites exceeds the guideline.  The closest median to the guideline was 
at Rous Head (0.81 m-1), which being an inshore site, close to the mouth of the Swan River, would 
be expected to have periods of decreased light availability. 

For the majority of the data it appeared that increased turbidity, total suspended solids, 
sedimentation and decreased light periods were weather dependent.  Periods of high winds and 
rainfall occurring during storm events increased turbidity in the water column, causing a 
corresponding decrease in light available to benthic primary producers.  This will need to be taken 
into account when dredging activities have commenced. 
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5. Glossary 
Term Definition 

º Degree(s) 

ºC Degree(s) Celsius  

ALS Australian Laboratory Services 

BOM Bureau of Meteorology 

BPP Benthic Primary Producer 

BPPH Benthic Primary Producer Habitat 

cm Centimeter(s) 

DO Dissolved Oxygen 

DSDMP Dredging and Spoil Disposal Management Plan  

e.g. For Example 

hPa Hectapascals 

km Kilometre(s) 

km/hr Kilometre(s) Per Hour 

L Litre(s) 

LAC Light Attenuation Coefficient  

LWMF Low Water Mark Fremantle 

m Metre(s) 

mg Milligram 

MAFRL Marine and Freshwater Research Laboratory 

mg/L Milligram(s) Per Litre 

MSL Mean Sea Level 

NTU Nephelometric Turbidity Units 

PAR Photosynthetically Available Radiation or Photosynthetically Active Radiation 

PER Public Environmental Review 

RL Reduced Level 

SE Standard Error 

SKM Sinclair Knight Merz 

TSS Total Suspended Solids 
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Appendix A Field Equipment  
A.1 Troll 

 Rugged reader (charged) 

 Download cable 

 Silicon 

 Scrubbing brush 

 Laptop with software as a backup for the rugged reader 

 Spare lithium batteries 

 Nappy rash 

A.2 Light loggers 

 Laptop with software 

 Cable to connect logger to laptop 

 Spare logger and wiper 

 Spare batteries for wipers 

A.3 LiCOR 

 Tape measure 

 Rope 

 Tape 

 Record sheets 

 Data logger 

 Two sensors 

 Frame 

 Screws to connect sensor to frame 

 Spare batteries – four alkaline AA 

A.4 Sedimentation traps 

 1 L Containers for samples (6) - ALS 

 Labels for containers 

 Lids for traps 

 Pen for labels 

 COC 
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A.5 TSS and NTU 

 1L Containers for samples (16) - ALS 

 Labels for containers 

 Pump 

 Funnel 

 COC 

A.6 Diving equipment 

 DOSP 

 Tables 

 Dive log sheets, calculator, clip board, pens 

 Oxygen 

 Tanks 

 Catch bag 

 Lifeline 

A.7 General equipment 

 Cable ties 

 Cutters 

 GPS 

 Screwdrivers 

 Mooring line 

 Camera 
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Appendix B Monitoring Programme 
B.1 Deployment and recovery of data from instruments and equipment at Hall 

Bank 
Instrument Depth Deployed Recovered Comments Data recovered# 

Troll  9500 6 m 

12/10/2007 19/10/2007   Full data set recovered 

19/10/2007 30/10/2007   Full data set recovered 

30/10/2007 6/11/2007   Full data set recovered 

6/11/2007 23/11/2007   Full data set recovered 

23/11/2007 12/12/2007   Full data set recovered 

12/12/2007 20/12/2007   Full data set recovered 

20/12/2007 8/01/2008   Data collected up to 
07/01/08 

8/01/2008 24/01/2008   No suitable data 
collected 

24/01/2008 4/02/2008   No suitable data 
collected 

4/02/2008 26/02/2008   Full data set recovered 

26/02/2008 6/03/2008   Full data set recovered 

6/03/2008 17/03/2008   Full data set recovered 

17/03/2008 3/04/2008 Instrument was not set-
up to record properly.  

No suitable data 
collected 

3/04/2008 16/04/2008 
New replacement 
instrument deployed. 
Flat battery on retrieval 

No suitable data 
collected 

Odyssey 
light logger 

6 m 
12/12/2007 20/12/2007 

20 min scan Full data set recovered 

12 m 20 min scan Full data set recovered 

6 m 
20/12/2007 8/01/2008 

20 min scan Full data set recovered 

12 m 20 min scan Full data set recovered 

6 m 
8/01/2008 24/01/2008 

  No suitable data 
collected 

12 m 10 min scan Full data set recovered 

6 m 
24/01/2008 4/02/2008 

20 min scan Full data set recovered 

12 m 10 min scan Full data set recovered 

6 m 4/02/2008 26/02/2008 20 min scan Full data set recovered 
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12 m 20 min scan Full data set recovered 

6 m 
26/02/2008 6/03/2008 

30 min scan Full data set recovered 

12 m 30 min scan Full data set recovered 

6 m 
6/03/2008 17/03/2008 

30 min scan Full data set recovered 

12 m 30 min scan Full data set recovered 

6 m 
17/03/2008 3/04/2008 

20 min scan Full data set recovered 

12 m 20 min scan Full data set recovered 

6 m 
3/04/2008 16/04/2008 

10 min scan Full data set recovered 

12 m 20 min scan Full data set recovered 

Sediment 
traps* 

6 m 
31/10/2007 23/11/2007 ALS 

  

12 m   

6 m 
23/11/2007 12/12/2007 ALS 

  

12 m   

6 m 
12/12/2007 20/12/2007 ALS 

  

12 m   

6 m 
20/12/2007 9/01/2008 ALS 

  

12 m   

6 m 
9/01/2008 24/01/2008 ALS 

  

12 m   

6 m 
24/01/2008 4/02/2008 ALS 

  

12 m   

6 m 
4/02/2008 26/02/2008 MAFRL 

  

12 m   

6 m 
26/02/2008 17/03/2008 MAFRL 

  

12 m   

6 m 
17/03/2008 3/04/2008 MAFRL 

  

12 m No data obtained -  
trap not collected 

6 m 

3/04/2008 16/04/2008 MAFRL 

  

12 m 
Sedimentation rate 
determined from 17/3 
to 16/4 

# Small amounts of data is lost along the time series between retrieval and re-deployment of the instrument                      
*  Three sediment traps were deployed simultaneously at each depth 
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B.2 Instantaneous light profile (LiCOR) data collection at each of the monitoring 
sites 

Site Sample date Sample 
depth (m)

Comments 

Rous 
Head 

23/11/2007 8 Every half metre to 3 m, then 1 m thereafter. 5 readings taken at each 
increment 

12/12/2007 8 Every half metre. 5 readings taken at each increment 

20/12/2007 8 “         “ 

8/01/2008 8 “         “ 

24/01/2008 8 Every half metre. Average reading over 15 second scan. 

4/02/2008 8 “        “ 

26/02/2008 8 “         “ 

6/03/2008 8 “         “ 

17/03/2008 8 “         “ 

3/04/2008 7.5 Sampled to 7.5 m as the vessel drifted over shallower ground than previous. 

16/04/2008 8 Every half metre. Average reading over 15 second scan. 

Hall Bank 

23/11/2007 12 Every half metre to 6 m, then 1 m thereafter. 5 readings taken at each 
increment. 

12/12/2007 12 Every half metre to 8 m, then 1 m thereafter. 5 readings taken at each 
increment. 

20/12/2007 12 “          “ 

8/01/2008 12 “          “ 

24/01/2008 12 Every half metre to 8 m, then 1 m thereafter. Average reading over 15 second 
scan 

4/02/2008 12 “          “ 

26/02/2008 12 “          “ 

6/03/2008 12 “          “ 

17/03/2008 12 “          “ 

3/04/2008 12 “          “ 

16/04/2008 12 "          " 

Spoil 
Ground 

23/11/2007 20 Readings taken every metre. 5 readings taken at each increment. 

12/12/2007   Readings taken every half metre to 8 m then every 1 m thereafter. 5 readings 
taken at each increment. 

20/12/2007 20 “          “ 

8/01/2008 20 “          “ 

24/01/2008 19 Readings taken every half metre to 8 m then every 1 m thereafter. Average 
reading over 15 second scan 

4/02/2008 20 “          “ 

26/02/2008 18 “          “ 

6/03/2008 19 “          “ 

17/03/2008 18 “          “ 

3/04/2008 20 “          “ 

16/04/2008 20 "          " 
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B.3 Analytical water sample collection at each of the monitoring sites 

Site Sample 
date 

Sample depth 
Sampling 
comments 

Volume 
obtained 

per sample 
Analytical 
laboratory 

Parameter 
analysed 

Useful data obtained? 
Surface* Mid-

water** Seabed*** NTU TSS 

Rous 
Head 

23/11/2007 X    X 
No replicate taken; 
Samples taken with 

water pump 
5 L MAFRL X X Yes 

12/12/2007 X   X water pump 1 L ALS X X 
No – Reported TSS values are ten-fold 
expected values, NTU values below reporting 
limit (<0.1) 

20/12/2007 X   X water pump 1 L ALS X X “        “ 

8/01/2008 X   X water pump 1 L ALS X X “        “ 

24/01/2008 X   X water pump 1 L ALS   X 
No – Reported TSS values are ten-fold 
expected values, NTU was not analysed by 
laboratory. 

4/02/2008 X   X Niskin Bottle 1 L ALS X X Half - Reported TSS values are ten-fold 
expected values, NTU values appear ‘ball park’ 

26/02/2008 X   X Niskin Bottle 5 L MAFRL   X Half – TSS values appear correct, NTU was not 
analysed by laboratory 

17/03/2008 X   X Niskin Bottle 5 L MAFRL X X Yes 

3/04/2008 X   X Niskin Bottle 5 L MAFRL X X Yes 

16/04/2008     X Niskin Bottle 5 L MAFRL X X Yes 

Hall 
Bank 

23/11/2007 X X X water pump 5 L MAFRL X X Yes 

12/12/2007 X X X water pump 1 L ALS X X 
No – Reported TSS values are ten-fold 
expected values, NTU values below reporting 
limit (<0.1) 
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Site Sample 
date 

Sample depth 
Sampling 
comments 

Volume 
obtained 

per sample 
Analytical 
laboratory 

Parameter 
analysed 

Useful data obtained? 
Surface* Mid-

water** Seabed*** NTU TSS 

20/12/2007 X X X water pump 1 L ALS X X “        “ 

8/01/2008 X X X water pump 1 L ALS X X “         “ 

24/01/2008 X X X water pump 1 L ALS   X 
No – Reported TSS values are ten-fold 
expected values, NTU was not analysed by 
laboratory. 

4/02/2008 X X X Niskin Bottle 1 L ALS X X Half - Reported TSS values are ten-fold 
expected values, NTU values appear ‘ball park’ 

26/02/2008 X X X Niskin Bottle 5 L MAFRL   X Half – TSS values appear correct, NTU was not 
analysed by laboratory 

17/03/2008 X X X Niskin Bottle 5 L MAFRL X X Yes 

3/04/2008 X X X Niskin Bottle 5 L MAFRL X X Yes 

16/04/2008 X X X Niskin Bottle 5 L MAFRL X X Yes 

Spoil 
Ground 

23/11/2007 X X X water pump 5 L MAFRL X X Yes 

12/12/2007 X X X water pump 1 L ALS X X 
No – Reported TSS values are ten-fold 
expected values, NTU values below reporting 
limit (<0.1) 

20/12/2007 X X X water pump 1 L ALS X X “          “ 

8/01/2008 X X X water pump 1 L ALS X X “          “ 

24/01/2008 X X X water pump 1 L ALS   X 
No – Reported TSS values are ten-fold 
expected values, NTU was not analysed by 
laboratory. 
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Site Sample 
date 

Sample depth 
Sampling 
comments 

Volume 
obtained 

per sample 
Analytical 
laboratory 

Parameter 
analysed 

Useful data obtained? 
Surface* Mid-

water** Seabed*** NTU TSS 

4/02/2008 X X X Niskin Bottle 1 L ALS X X Half - Reported TSS values are ten-fold 
expected values, NTU values appear ‘ball park’ 

26/02/2008 X X X Niskin Bottle 5 L MAFRL   X Half – TSS values appear correct, NTU was not 
analysed by laboratory 

17/03/2008 X X X Niskin Bottle 5 L MAFRL X X Yes 

3/04/2008 X X X Niskin Bottle 5 L MAFRL X X Yes 

16/04/2008 X X X Niskin Bottle 5 L MAFRL X X Yes 

* Samples taken just below the surface water at each of the sites                                                                                                               
** Rous Head = 6 m ; Hall Bank = 6 m ; Spoil Ground = 10 m                       
*** No ‘seabed’ sample obtained from the Rous Head Site ; Hall Bank = 12 m ; Spoil Ground = 18 m                      
‘X’ indicates YES 
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Site Sample 
date 

Sample depth 
Sampling 
comments 

Volume 
obtained 

per 
sample 

Analytical 
laboratory 

Parameter 
analysed 

Useful data obtained? 
Surface* Mid-

water** Seabed*** NTU TSS 

All 
sites 

2/05/2008 X    X Niskin Bottle 5 L MAFRL X X Yes 

  21/05/2008 X   X Niskin Bottle 5 L MAFRL X X Yes 

6/06/2008 X   X Niskin Bottle 5 L MAFRL X X Yes 

20/06/2008 X   X Niskin Bottle 5 L MAFRL X X Yes 

30/06/2008 X   X Niskin Bottle 5 L MAFRL X  X Yes 

9/07/2008 X   X Niskin Bottle 5 L MAFRL X X Yes 

25/07/08 X   X Niskin Bottle 5 L MAFRL X X Yes 

8/08/08 X   X Niskin Bottle 5 L MAFRL X X Yes 

3/09/2008 X   X Niskin Bottle 5 L MAFRL X X Yes 

14/11/2008 X    X Niskin Bottle 5 L MAFRL X X Yes 
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Appendix C Laboratory Reports 
 

Raw laboratory reports are to be included for final submission. 
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1. Introduction 
1.1. Fremantle Ports Inner Harbour Deepening Project 

Fremantle Ports proposes to deepen the Deep Water Channel, Entrance Channel and Inner Harbour 
to allow 14 m draft ships to utilise the Fremantle Inner Harbour, and also proposes the reclamation 
of  an area of seabed at Rous Head.  This project is referred to as the ‘Inner Harbour Deepening 
Project’.  To achieve this, the following work is proposed: 

 Dredge the Inner Harbour to a depth of RL -15.0 m (LWMF). 

 Dredge the Entrance Channel to depths between RL -16.1 m (LWMF) and RL -16.8 m 
(LWMF) to provide adequate depth for the yaw of turning ships.   

 Dredge the Deep Water Channel to a depth of RL -16.5 m (LWMF) on straight sections and 
RL -18.0 m (LWMF) on bends. 

 
Up to 1.45 million cubic meters (Mm3) of material will be dredged from the Deep Water Channel 
and the major part  of the Entrance Channel and relocated to the proposed offshore spoil ground.  
Approximately 1.65 Mm3 will be dredged from the Inner Harbour and a small area of the Entrance 
Channel and used for land reclamation at Rous Head.  Figure 1-1 presents a satellite image of the 
Project Area. 
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 Figure 1-1 Satellite image of the Project Area (taken January 2004) 
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1.2. Sediment Plume Dispersion Modelling 

1.2.1. Modelling Purpose 

Numerical modelling of the dredging and disposal activities was an integral element of the 
assessment of the potential impacts of the proposal on biodiversity and associated key marine 
factors.  The modelling enabled the prediction of the spatial extent of biological impacts associated 
with anomalous turbidity and sedimentation levels generated by the dredging activity. Detailed 
modelling was used to predict the spatial distribution of potential levels of suspended solids 
(mg/L), sedimentation (mg/cm2/d) and turbidity (NTU) associated with the proposal. Specifically, 
the model was used to determine the potential extent of the dredge plume and the potential impact 
of elevations of TSS and sedimentation on seagrass within the Project Area and the corals at Hall 
Bank. The potential plumes and mixing zone around the discharge point for  the return water 
discharged from the proposed reclamation area at Rous Head were also modelled. 

The model has also been used to predict the  potential impact of the proposal on the hydrodynamics 
(i.e. tidal regime) within the inner harbour area and also the potential for  effects (either physical or 
biological) on the Swan River.   

A proposed Monitoring program during dredging will be used to gather data for a model validation 
exercise. 

Modelling has been undertaken by Global Environmental Modelling Systems (GEMS) and the 
numerical modelling report is provided in Appendix G. A series of interrogations of the model 
outputs have been used to develop an assessment of the likely impacts of the project on water 
quality, seagrass, corals and other identified environmental factors. 

1.2.2. Model Overview 

Two models were used in the analysis of hydrodynamic data.  The GEMS 3D Coastal Ocean 
Model (GCOM3D) simulates the complex three-dimensional ocean currents in the region and the 
SWAN wave model simulates waves outside the Inner Harbour/Entrance Channel during the 
offshore spoil disposal operations as well as calculating the sediment re-suspension expected 
during different wave conditions.  The simulation model DREDGE3D was used to determine the 
fate of sediments released during the dredging and disposal activities to the proposed offshore spoil 
ground and the reclamation area at Rous Head.  The DREDGE3D model has been used recently to 
model dredging programmes at a number of locations in Western Australia including Mermaid 
Sound ( Dampier Port Authority and Hamersley Iron), Barrow Island (Chevron Gorgon) and Cape 
Lambert (Pilbara Iron). 
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The results obtained from the numerical modelling exercise provide estimates of above background 
levels of TSS concentrations and sedimentation levels over the life of the project. The model 
outputs predict what levels of TSS and sedimentation will occur under various weather conditions 
and the output is then interrogated to determine where and when defined threshold values (see 
Section 4) for benthic primary producers (BPPs) may be exceeded one or more times during the 
life of the project. The level of predicted threshold exceedance (intensity, duration and frequency) 
defines zones of potential impact, potential effect and potential influence.  These zones indicate 
where the threshold values may be exceeded during the life of the project. 

1.2.3. Scenarios Modelled 

To accommodate the uncertainty concerning the actual start date of the dredging program, three 
model scenarios were run with dredging commencing in January, September and November, 
running for approximately 20 weeks. 

1.2.4. Model Input Data 

Detailed dredge logs were developed for the dredging programme provided by JFA Consultants. 
These are logs of the anticipated activity of each of the dredges, at time intervals and location steps 
as fine as practicably possible, and the details of which are fed into the model to represent as 
accurately as possible the dredge programme. Further detail is provided in the technical report 
prepared by GEMS 2008 (Appendix G). 

Particle size distributions (PSD) were determined from sediment cores obtained by Golders 
Associates at various locations within the Inner Harbour and Entrance Channel and from diver 
sediment cores taken from 22 sites within the Deep Water Channel.  PSD data was determined for 
all unconsolidated sediment types.  However, the majority of material to be dredged from the Inner 
Harbour and Entrance Channel comprises limestone bedrock, for which PSD analysis would yield 
unrepresentative results under laboratory conditions.  This is due to the action of the cutter teeth 
against the rock which creates finer material (termed ‘limestone flour’) than would be analysed in 
the laboratory.  In order to overcome this obstacle, Fremantle Ports was able to undertake 
opportune sampling of the dredge plume during LandCorp’s dredging in the Australian Marine 
Complex (AMC) Common User Facility in Jervoise Bay, Cockburn Sound during July 2007.  The 
material to be dredged at the AMC facility included limestone bedrock, similar to that proposed to 
be dredged in Fremantle Ports’ Harbour and samples of the dredge plume were taken near the 
cutter head and analysed for both PSD and TSS. 

In order to determine particle settling velocities for a range of particle sizes, a representative 
number of cores from all three proposed dredge areas were also analysed by CSIRO using a 
sedigraph.  The standard approach for determining settling velocities involves the use of sodium 
hexametaphosphate as the medium through which the measured particles fall.  However, a 
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comparison of the use of saline water versus the use of sodium hexametaphosphate was conducted 
and the model was corrected to take into account the difference in the settling velocities between 
the two media. 

1.2.5. Model Validation 

Hindcast validation of the model has been conducted by GEMS (see Appendix G). 

The following data was collected from the Fremantle Port marine environment: 

 Five GPS tracked wireless drifters deployed in waters between the mouth of the Swan River 
and Rottnest Island for approximately 72 hour periods between March and April 2007.  These 
instruments float around with the currents and data is collected via satellite.  

 One acoustic doppler current profiler (ADCP) at the southeast corner of the proposed spoil 
ground location to provide data on currents through the water column (and waves). The 
profiler was deployed from February to March 2007.  Turbidity (NTU) measurements for the 
same period were also collected. 

In addition, nearshore and offshore currents and historical tides data were obtained from Fremantle 
Ports and current data in the lower reaches of the Swan River and bathymetric data sets were 
sourced from the Department for Planning and Infrastructure (DPI). 

Validation of the wave model (SWAN) and the 3D ocean model (GCOM3D) compared 
oceanographic observations with model predictions – waves, water levels and currents.  

Overall, there was a good agreement between predicted and observed data sets.  

The test of the wind climate component of the modelling included a comparison of predictions with 
observations and records, including comparison of Bureau of Meteorology (BoM) predicted data 
with actual measurements from the BoM automatic weather station at Rottnest Island. Overall, the 
results confirm that the modelled winds provide very good representation of the overall regional 
wind climate.  A comparison of inter-annual variability in meteorological variables has also been 
conducted, showing that wind distributions are relatively consistent. 

1.3. Purpose of this Report 

The purpose of this report is to assess the potential impacts from dredging, disposal and land 
reclamation activities on the marine environment in the Project Area and provide a Benthic Primary 
Producer Habitat (BPPH) Assessment in accordance with the EPA Guidance Statement No. 29 
(EPA, 2004).  The report comprises the following: 

 a description of the BPPH in the Fremantle nearshore and offshore marine environment; 
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 a description of the predicted sediment plume model outputs; and 

 a calculation of the potential cumulative loss (both direct and indirect) of BPPH within agreed 
Management Units in the Project Area (including historical loss). 
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2. Habitat Types in the Wider Project Area 
2.1. Overview 

This section provides an overview of those marine habitat types and coverage of the Perth coastal 
waters region, using data obtained from previous studies of the surrounding marine environments 
in Owen Anchorage, Cockburn Sound, Marmion Marine Park, Cottesloe Fish Habitat Protection 
Area (FHPA) and Rottnest Island Marine Reserve.   

2.2. Owen Anchorage 

2.2.1. Seagrass 

The historic distribution and abundance of seagrasses in the Owen Anchorage area has been well 
documented (D.A. Lord & Associates, 2000a; Kendrick et al., 2000; Oceanica, 2005; Oceanica, 
2007).  Nine species of seagrass have been found on Success and Parmelia Banks:  

1) Amphibolis griffithii;  

2) Amphibolis  antarctica;  

3) Halophila ovalis;  

4) Heterozostera tasmanica;  

5) Posidonia australis;  

6) Posidonia  coriacea;  

7) Posidonia  sinuosa;  

8) Posidonia  angustifolia; and 

9) Syringodium isoetifolium. 

 
A. griffithii, A. antarctica, P. australis, P. sinuosa, P. angustifolia and P. coriacea are the six main 
‘meadow-forming’ species located in Owen Anchorage.  These species dominate the extensive 
shallow areas (< 10 m) in Owen Anchorage, and form a complex mosaic of mixtures of species at 
varying densities that is quite unlike the ‘single species’ meadows of Cockburn Sound (Oceanica 
2007).  P. sinuosa also occurs on the deeper slopes in depths of 8 to 15 m, whereas the ephemeral 
species, H.  ovalis and H. tasmanica, occur as an under storey to Posidonia spp. and Amphibolis  
spp. as well as in monospecific meadows in deeper waters (D.A. Lord and Associates, 2000a; 
Kendrick et al., 2000).  A few isolated patches of S. isoetifolium have also been observed during 
dive surveys (Oceanica, 2007).   

The dynamic nature and variety of seagrass species found in Owen Anchorage are due to the more 
exposed and energetic hydrodynamic conditions prevalent here when compared to more sheltered 
waters such as Cockburn Sound. For example, Amphibolis spp. and P. coriacea are typical of more 
open waters, while P. australis and P. sinuosa are more typical of sheltered waters.  Similar 
meadows to those in Owen Anchorage are also found in other coastal regions of Western Australia 
(W.A) where similar environmental conditions prevail, such as the Albany region (D.A. Lord and 
Associates, 2000b).  
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In 2004 seagrass habitat mapping was undertaken by Oceanica for Cockburn Cement Ltd (CCL) in 
Owen Anchorage. Aerial photography classification, side-scan sonar, SCUBA diving and towed 
underwater video were survey techniques employed in the study.   The community composition of 
seagrass species at any one site can only be validated by ground truthing and given the scale of 
these areas  it is not feasible to ground-truth every metre of seabed. The distribution of each 
seagrass assemblage type was therefore determined by interpolation of ground truthing data and 
mapped at different ‘likelihood levels (95%, 75% 50% and 25%).  The highest likelihood maps 
represent areas of vegetated habitat where there is a high level of confidence for that area.  Figure 
2-1 summarises the seagrass assemblages mapped at 75% likelihood in 2004 by Oceanica within 
Owen Anchorage. 

  

 Figure 2-1 Seagrass assemblages within Owen Anchorage has been mapped at 75% 
likelihood in 2004 (Source: Oceanica, 2005) 
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2.2.1.1. Macroalgae 

Macroalgae can occur as seaweed ‘gardens’ on reefs, as free-floating drift algae, or as ‘wrack’ 
detached from reefs by storms or due to seasonal growth cycles.  Large accumulations of drift algae 
are more typically associated with nutrient enriched conditions.  Seaweed gardens on reefs are 
particularly important sources of food and shelter for many aquatic organisms (Oceanica, 2007).  
There is little information available on the macroalgal communities associated with the reefs in 
Owen Anchorage. The larger reef areas to the west were mapped in 1999 by D.A. Lord and 
Associates (2000a) and other reef patches have been mapped by Oceanica in 2004, (see Figure 
2-1). Limestone pavement is present in the north-eastern and eastern areas of Owen Anchorage, 
while high relief reef areas of remnants of the Garden Island Ridge are relatively widespread along 
the western margin of Owen Anchorage.  Brown macroalgae (Ecklonia radiata and Sargassum spp. 
generally dominated these reef areas) although smaller patches exist that are dominated by other 
algae (Lavery & McMahon, 2006 and Vanderklift, 2002). 

Ground truthing of limestone pavement reef areas within the Port Coogee amendment area reported 
this habitat, adjacent to the eastern shore of Owen Anchorage, supported  a variable cover of 
macroalgae, predominantly Sargassum spp. and low turfing algae (BBG, 2001). 

2.2.1.2. Corals 

Numerous hard coral colonies have been observed on rocky seabed adjacent to a seagrass 
monitoring site approximately 1.5 km off South Beach within Success Banks (Oceanica, 2007).  
This coral assemblage includes many Faviidae corals of greater than 15 cm in diameter. Corals 
have also been recorded on the seabed approximately 2 km south of this area of Success Banks 
(Oceanica, 2007).  It is possible that other such areas exist in Owen Anchorage (Oceanica, 2007).  

2.3. Cockburn Sound  

2.3.1. Seagrass  

Cockburn Sound has a surface area of 114 km2 and a mean depth of 12 m.  It is almost entirely 
made up of a deep basin (16 to 20 m deep) with shallow margins that were once covered by 
seagrass.  These margins extend out into a broad shelf (approximately 3 km wide and 4 to 7 m 
deep) between James Point and Woodman Point along the eastern side of the Sound.  The other 
dominant feature is an extensive shallow sand flat at the southern point of the Southern Flats 
between Garden Island and the mainland, which extends into the southern part of the deep basin of 
the Sound (Chiffings, 2006).   

The total area of seagrass within Cockburn Sound has declined by 78%, from 2,821 ha in 1965/67 
to 632.3 ha in 1999 (D.A. Lord and Associates, 200b).  Historical loss of seagrass is considered to 
be a result of anthropogenic disturbance leading to a diminished light climate in seagrass beds, 
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initially due to increased epiphytic loads on the seagrass, and then increasing phytoplankton 
concentrations from industrial sources as well as dredging operations, intensive scallop fishing and 
the construction of Mangles Bay Causeway (Chiffings, 2006; D.A. Lord and Associates, 2000b, & 
CSMC, 2005).  In 2004 the Cockburn Sound Management Council (CSMC) mapped the habitats 
within Cockburn Sound, including areas of a seagrass dominated area of Halophila spp. and 
Posidonia spp. (Figure 2-2).  The CSMC reported there was no significant region-wide changes in 
the status of seagrass meadows between 1998 and 2004 (CSMC, 2005) and have since reiterated 
this in the 2005, 2006 and 2007 annual report cards.   

 

 Figure 2-2 Cockburn Sound Habitat Map (Source: Cockburn Sound Management 
Council, 2004) 

2.3.2. Macroalgae 

There is little information available on the macroalgal communities on reefs within Cockburn 
Sound.  Hard substrates within the area, e.g. at Woodman’s point and further along the coastline in 
the Sound (see Figure 2-2), are described as vegetated areas and are likely to be inhabited by 
brown macroalgae such as Sargassum spp. and Ecklonia radiata. However, it is also likely that the 
smaller pavement reef patches also comprise macroalgal assemblages (Figure 2-2). 
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2.3.3. Corals 

Despite the severe temperature regime and low minimum temperature of 15.2°C within Cockburn 
Sound (Hodgkin and Phillips, 1969), 12 species across nine genera of hermatypic corals, and four 
species in three genera of ahermatypic corals were recorded from the Sound as a part of the 
Western Australian Naturalists’ Club survey conducted between 1956 and 1960 (Marsh, 1978).  A 
further detailed survey of Cockburn Sound and its surrounds by Veron and Marsh (1988) revealed 
well developed coral communities on hard substrate on shallow seagrass covered sand and rubble 
banks.  In total, sixteen hermatypic coral species of ten genera have been identified within 
Cockburn Sound (Marsh, 1978; Veron and Marsh, 1988).  Veron and Marsh (1988) identified the 
following corals as present in the area (grouped as the ‘Marmion Zone’): 

 Coscinaraea mcneilli  Symphyllia wilsoni 

 Cyphastrea serailia  Turbinaria frondens 

 Favites complanata  Turbinaria mesenterina 

 Goniastrea aspera  Turbinaria peltata 

 Goniastrea australensis  Turbinaria reniformis 

 Montipora mollis  

 

The Cockburn Sound Coral Survey was initiated in 2006 (UEC, 2006) to assess the presence and 
diversity of corals and monitor their condition over time to provide useful information on the health 
of Cockburn Sound.  The UEC (2006) survey identified two hard coral colonies belonging to the 
Faviidae family at the Kwinana Reef site (see Figure 2-3), and 48 colonies, also of the Faviidae 
family at the historic spoil disposal site (see Figure 2-3).  A colony of Turbinaria spp. of the 
family Dendrophyllidae was also observed during the project’s pilot survey.  Species identified in 
Cockburn Sound (UEC, 2006) include: 

 Plesiastrea versipora; 

 Favites halicora; 

 Favites complanata; and 

 Turbinaria spp. 
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 Figure 2-3 Location of Cockburn Sound coral survey sites (UEC, 2006) 
2.4. Rottnest Island Marine Reserve 

Rottnest Island lies approximately 20 km to the west of the Project Area.  The island is surrounded 
by a predominantly rocky shoreline comprised of aeolianite material which forms large intertidal 
and subtidal platforms.  .  The waters off Rottnest Island are directly influenced by the Leeuwin 
current (Cresswell, 1996), resulting in clear waters and a higher minimum temperature than that 
found along the adjacent coastline (Hodgkin and Phillips, 1969).  These conditions, along with the 
suitable sub-tidal structure result in Rottnest Island having the best developed coral communities of 
any area of the temperate coast with 25 species in 16 genera represented (Veron and Marsh, 1988).  
The most extensive coral gardens of the island occur at Parker Point and Salmon Point with the 
latter location being home to the most southern distribution of Acropera selago and Porites lutea 
(Veron and Marsh, 1988).   
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Coral species reported within the waters of Rottnest Island include: 

 Acropera selago;  Favites complanata;  Porites lutea; 

 Alveopora fenestrata;  Favites flexuosa;  Scolymia australis; 

 Barabattoia amicorum;  Favites russelli;  Symphyllia wilsoni; 

 Coscinaraea marshae;  Goniastrea aspera;  Turbinaria frondens; 

 Coscinaraea mcneilli;  Goniastrea australensis;  Turbinaria mesenterina; 

 Cyphastrea serailia;  Goniastrea palauensis;  Turbinaria peltata; and 

 Favia favus;  Goniopora pendulus;  Turbinaria reniformis. 

 Favites abdita;  Montipora mollis;  

 

2.5. Marmion Marine Park 

The Marmion Marine Park is Western Australia’s first marine park, becoming established in May 
1987 and encompassing the coastal waters from Trigg Island to Burns Rocks.  Veron and Marsh 
(1988) identified 10 species of hermatypic coral of eight genera along the numerous small, isolated 
rock platforms within the offshore chain of reefs.  The species reported by Veron and Marsh (1988) 
within the Marmion Marine Park were grouped with those further south towards Cockburn Sound, 
and are listed in Section 2.3.   

Hard corals such as Montipora, Favia, Favites, Goniastrea, Plesiastrea and Symphyllia are known 
to occur on the outer reefs around Cow Rocks and Wreck Rock, while the species Pocillopora 
damicornis is moderately common on the reefs near Little Island (CALM, 1992). 

2.6. Cottesloe Fish Habitat Protection Area 

Approximately 5 km to the northeast of the proposed project footprint lies the intermittent fringing 
limestone reef off Cottesloe.  This reef ecosystem comprises extensive macroalgae beds which 
provide habitat and shelter for a vast array of aquatic life including fish, shellfish, crustaceans, 
weedy seadragons, and the rare leafy seadragon (DoF, 2001).  The rocky and macroalgae 
dominated habitats of the reef provide breeding and nursery grounds for the weedy seadragon, Port 
Jackson shark and squid species (DoF, 2001).  The large seaward sloping rock platform at 
Mudurup Rocks provides substrate for macroalgae growth, with algal cover changing from sea 
lettuce (Ulva spp.) and turf algae near the shore to Sargassum spp. and Ecklonia radiata near the 
edge.  Intermittent corraline algae patches at the reefs edge provide a habitat for a mollusc 
community of limpets, chitons and abalone species (DoF, 2001). 
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3. Project Area Habitat Mapping 
3.1. Survey Methods 

A range of survey methods were used to evaluate the habitat types within the Project Area that may 
be affected by Fremantle Ports’ Inner Harbour Deepening Project. These included a combination of 
classification of satellite imagery, drop camera surveys, diver video transect surveys, and diver 
surveys. 

3.1.1. Satellite Imagery  

Auto-classification of Digital Globe Satellite imagery was used to produce a habitat map of the 
Project Area (see Figure 3-1).  Digital Globe Imagery in both panchromatic (black and white) and 
multispectral (visual colour and infra-red) bands for the area was obtained on cloud-free days on 
11th January 2004 and 15th July 2007.  The imagery has the highest commercially available spatial 
resolution and has a pixel size of approximately 2.5 m.  The auto-classification process produced 
polygons with colour rendering of seabed with similar spectral banding.  This is used to classify the 
separate habitats with the Project Area.  Each colour band was attributed to a habitat type as 
follows: 

 bare sand; 

 coral; 

 seagrass (all species); 

 macroalgae (all perennial species); and 

 wrack. 

 

3.1.2. Drop Camera surveys 

Drop video survey data was collected by deploying an underwater video camera in conjunction 
with a positioning system at a series of predetermined locations lowered at a sufficiently slow rate 
that benthic characteristics can be identified at a predetermined level of detail. 

Video surveys were carried out on days which allowed for reasonable visibility underwater and 
surface conditions, and to minimise interactions with other port activities. Drop video surveys were 
carried out on 29th November and 6th/7th December 2006 for those locations marked as ‘red circles’; 
and 21st January 2007 for those marked as ‘black circles (Figure 3-1). Sample site location details 
and brief descriptions of BPPH recorded at each site are provided in Appendix A of this document. 
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3.1.3. Diver Video Transect Surveys 

The video transect analysis used is based on the research and development undertaken by the 
Australian Institute of Marine Science (AIMS) (Berkelmans, 1992; Carleton et al., 1995; Christie et 
al., 1996).  The Sinclair Knight Merz Video Transect Analysis System (SKM VTAS) was 
developed to replicate the AIMS VTAS program and has made significant modification in the area 
of video capture and electronic file use. 

Video footage of each site was acquired by movement of the video camera along 50 m transects.  
Divers maintained a constant speed and the video camera was kept approximately 0.5 m above the 
substrate.  This obtains a band width of around 0.6 m.  Three to five replicate transects were 
sampled at each survey site.  Transects ran parallel with the bathymetry of the area, with replicate 
transects no further than 2 m apart.  This provided an area of 0.6 m (30 m2) per transect, giving a 
total area of 90 to 150 m2 per survey site. 

The video recording was captured to an electronic file and then stored on a DVD.  The SKM VTAS 
then retrieved the electronically recorded transect for analysis.  The programme required input of 
the transect start and finish (frame number), location, replication number and site location.  It then 
proceeded to randomly select 150 frames which were then each allocated with randomly placed 
spots. 

The benthos occurring at the fixed points were identified to an appropriate taxonomic level and 
entered into a database.  Benthic codes were assigned to respective spots according to the substrate 
type beneath it.  The following benthic habitat types were recorded: 

 sand; 

 rubble; 

 rock; 

 macroalgae; 

 coral; 

 echinoderms; 

 sponge; and 

 dead coral. 

 
Once codes were assigned and the respective frame completed, the programme advanced the 
transect frame to the next randomly selected frame and this process was repeated until the 
designated frames were complete.  Upon completion, the program computed tallied counts and 
percentage cover. 
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3.1.4. Diver Surveys 

Spot dives were conducted to examine and ground truth selected locations within the Project Area. 
Ground truthing was necessary due to habitat complexity and the uncertainty of satellite imagery.  
Satellite imagery has various limitations, for example penetrating deeper waters, and physical 
examination must be conducted to ensure the credibility of any assumptions made based on the 
benthic habitat map (Figure 3-1).  These spot dives also assisted in the determination of the 
composition and small-scale variability present in these relatively complex BPPH areas.  The dives 
allowed a more detailed description of each habitat type to be made. 

3.2. Project Area Habitat Map 

A habitat map has been produced for the Project Area (see Figure 3-1) using auto-classification of 
Digital Globe Satellite imagery as described above in Section 3.1.1.   

Throughout the wider Project Area the benthic substrate predominantly comprises sand with 
various limestone reefs, emergent rocks and islands that are distributed throughout the area.  These 
two substrates act as BPPH for the two main types of BPPs, with seagrass dominating the soft 
substrate areas, and macroalgae species the most abundant BPP along the harder limestone reef and 
rocky benthic environments.  
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 Figure 3-1 Benthic Primary Producer Habitat map showing ground truthing locations  
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3.2.1. Seagrass 

Seagrass communities are spread widely throughout the waters in the Fremantle nearshore and 
offshore marine environments, with communities varying from isolated patchy cover to moderately 
well established seagrass cover.  There are several main areas of seagrass represented within the 
wider Project Area as follows (see Figure 3-1): 

 Isolated small patches of seagrass located within the deeper waters between 12 to 20 m of 
Gage Roads (including the northern area of the proposed spoil ground), with the dominant 
species including seagrasses Posidonia sinuosa to approximately 18m and Heterozostera 
tasmanica and Halophila ovalis;  

 In the shallower waters of Success Banks between 4 to 9 m, seagrass species comprise 
Amphibolis griffithii, Posidonia sinuosa and Posidonia coriacea; 

 Several small areas of patchy seagrass are located within the contours of 12 to 20 m running 
parallel to the coast; 

 A denser seagrass patch is located on the between sandy substrate located within 18 to 20 m (at 
northern end of the Deep Water Channel); and 

 Isolated patches of seagrass located between the depths of 18 to 22 m (west of the Deep Water 
Channel). 

 

Figure 3-2 presents snapshots of seagrass coverage, dominated by Posidonia spp., taken during the 
drop camera video survey. 
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1) Deep Water Channel - Halophila ovalis, Syringodium 
isoetifolium and Heterozostera tasmanica 

2) Deep Water Channel – Patchy Posidonia spp. 3) Site 44 – Dense Posidonia spp. 

  

4) Site 59 - Isolated Posidonia spp. 5) Site 53 – Dense Posidonia spp. 

 Figure 3-2 Seagrass BPPH identified from diver video surveys within the Project Area 
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3.2.2. Macroalgae 

Macroalgal species within the Project Area form complex mosaics of red, brown and green species, 
with dominants dependant on the site specific environmental conditions.  There are five main areas 
supporting macroalgal aggregations within close proximity to the proposed dredge/disposal areas 
(see Figure 3-1), which include:   

 A relatively small patch of macroalgae located within the Cottesloe FHPA (see Section 2.6); 

 A small dense patch of macroalgae located at the mouth of the Fremantle Port associated with 
the limestone pavement reef of Beagle Rocks including complex mosaics of red, brown and 
green macroalgal species; 

 A relatively larger patch of macroalgae is located immediately to the northwest of the Deep 
Water Channel on a limestone pavement reef, (complex mosaics of red, brown and green 
macroalgal species); 

 A small dense patch of macroalgae is located on a limestone pavement reef running parallel to 
the coastline northeast of the Deep Water Channel, approximately 500 m from North Rock. 

 Patchy distribution of various macroalgae associated with the Stragglers and Champion Reefs 
located approximately 5 km southeast of the proposed spoil ground. 

 Patchy aggregation of green and brown algal species inhabiting a sandy pavement area to the 
west of the Deep Water Channel.  

 

Figure 3-3 presents snapshots of macroalgal coverage taken during the drop camera video survey. 
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1) Site 36 – Moderate to dense Ecklonia radiata 2) Site 27 – Wrack (mixture of drifting 
macroalgae and seagrass) 

3) Site 58 – Patchy green and brown macroalgae 
e.g. Ecklonia radiata 

  

4) Site 66 – Moderate green and brown macroalgae  5) Site 5 – Moderate Ecklonia radiata dominated 
with turf algae  

6) Site 52 – Patchy green and brown macroalgae 
and sand 

 
 Figure 3-3 BPPH supporting Macroalgae Identified from Video Surveys within the Project Area 
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The benthic limestone pavement habitats are dominated by macroalgae species, particularly on the 
more exposed nearshore limestone platforms to the north.  The marine benthic environment to the 
north of Fremantle is more dynamic, being less sheltered by offshore islands and shoals, and many 
areas have shifting sands which will cover the limestone platforms at times causing the smothering 
of macroalgae, resulting in temporal shifts in community structure. Ecklonia radiata was the 
dominant macroalgae species identified on the pavement areas (Figure 3-3).  Drifting wracks of 
detached macroalgae are common and accumulate on beaches and in offshore areas such as natural 
depressions (Figure 3-1). 

3.2.3. Corals 

The only significant area of coral identified within close proximity to the Project Area is Hall 
Bank, which is located approximately 3 km from the closest proposed dredging activity.  To assess 
the significance of the Hall Bank coral communities, the following studies have been carried out: 

 Identification of coral genera (and species where possible, however no coral was collected) 
and comparison with historical records (Marsh, 1978); 

 diver  mapping survey to determine the overall extent of coral cover; and 

 video transects to more accurately determine the percentage cover. 

  

Veron and Marsh (1988) compiled Western Australia’s first list of hermatypic corals based 
principally on the Western Australian Museum (WAM) coral collection, as well as from various 
literature, records from other collectors and some visual locality records.  The coral communities 
described in the following section are based primarily on the information presented in Veron and 
Marsh (1988) as well as the extensive field surveys and literature review undertaken as described in 
Section 3.1.  Veron and Marsh (1988) suggested that the species present at Hall Bank are likely to 
be similar to that of Cockburn Sound (see Section 2.3.3). 

Historic evidence of coral coverage at Hall Bank (Marsh 1978) and the results of video and diver 
surveys suggest that Hall Bank is the most diverse and abundant coral community assemblage in 
the vicinity of the Project Area.  Table 3-1 summarises the corals which have been historically 
identified at Hall Bank by the WA Museum (Marsh, 1978) and those identified during this study.   
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 Table 3-1 Coral Species Identified at Hall Bank 

Corals Species  Marsh 
1978 

BPPH 
Survey 
(2007/08) 

Corals Species Marsh 
1978 

BPPH 
Survey 

(2007/08) 

Family FAVIIDAE: 
Barabattoia amicorum 
Cyphastrea serailia 
Favia favus 
Favites abdita 
Favites complanata 
Goniastrea aspera 
Goniastrea australensis 
Goniastrea palauensis 
Plesiastrea versipora 

 
X 
X 
X 
X 
X 
X 
X 
X 
X 

 
 
X 
X 
X 
X 
 
X 
X 
 

Family 
DENDROPHYLLIIDAE: 
Turbinaria frondens 
Turbinaria mesenternia 
Turbinaria peltata 
Turbinaria reniformis 
 

 
X 
X 
X 
X 
 

 
X 
X 
X 
X 
 

Family SIDERASTREIDAE: 
Coscinaraea mcneilli 

X 
 

 Family POCILLOPORIDAE: 
Pocillopora damicornis 

X 
 

X 
 

Family MUSSIDAE: 
Symphyllia wilsoni 

 X 
 

   

Note: ‘X’ indicates coral species present during survey. 

3.2.3.1. Coral Identification 

A total of 13 species were identified from eight genera from the families Faviidae, 
Dendrophyllidae, Mussidae and Pocilloporidae in the recent survey and all but one of these species 
was also reported from the bank by Marsh (1978).  Marsh (1978) reported 3 species which have not 
been found in the recent survey. The Favids (many not identified to species level) were by far the 
most common with Goniastrea australensis being identified as having the highest percentage cover 
(see Figure 3-4). 

3.2.3.2. Coral Percentage Cover 

Coral communities observed on Hall Bank suggest that this area hosts a well developed temperate 
coral community.  Video transects were taken at the north, south, east and west areas on Hall Bank 
(Figure 3-5).  In addition, general observations were also made by divers during the diver mapping 
survey to provide percentage cover estimates in those areas outside of the video transect lines. 

In areas of Hall Bank that are shallower than 9 m, these typically support between 6 to 10% coral 
cover.  Higher coral cover (up to 70%) was observed on the southwest corner of the Hall Bank in 9 
to 12 m (Figure 3-5).  Below 12 m coral cover declined rapidly giving way to bare sand at 14 m 
depth with sparse seagrass.  
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FAVIIDAE Goniastrea australensis FAVIIDAE Unidentified species 

  

DENDROPHYLLIIDAE  Turbinaria spp. FAVIIDAE  Favia favus 

  

MUSSIDAE  Symphyllia wilsoni POCILLOPORIDAE  Pocillopora damicornis 
 

 Figure 3-4 Representative Photographs of Hall Bank Corals 
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 Figure 3-5 Hall Bank showing bathymetry and variation in percent cover of Coral  
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3.2.3.3. Video Transects 

Hall Bank North Site 

The percentage cover of corals decreased with depth at the northern site.  Coral cover comprised 
28% and 20% of substrate along the 8 m and 9 m depth transects, respectively.  Favites / 
Goniastrea spp. were the dominant coral species at both depths.  The deepest transect at 13 m had 
very little coral cover as it was dominated by algal colonised rock substrate (see Figure 3-6).   

 

 

 
 Figure 3-6 Benthos Cover at Hall Bank North Site 
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Hall Bank East Site 

The coral cover decreased with increasing depth, with the highest coral coverage of 17% at 6 m, 
whereas at the deeper transects of. 8 and 10 m, macroalgae tended to become the more dominant 
BPP type (see Figure 3-7).  The most abundant coral species occurring at all depths were Favites 
spp. / Goniastrea spp.  The 6 m depth transect was the most diverse in terms of coral assemblages, 
with representatives from the Faviidae, Mussidae and Diadematidae families. 

 

 

 Figure 3-7 Benthos Cover at Hall Bank East Site 

 

Hall Bank South Site 
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Coral cover was greatest along the 9 m transect with 64% of the benthic substrate covered by coral, 
followed by 8% along the second depth transect (i.e. 7 – 8 m) and 6% along the third depth transect 
(i.e. 11 – 14 m), (Figure 3-8 and Figure 3-9).  Due to the location of this site at the southwest corner 
of Hall Bank and varying terrain, it was not possible to maintain the transect at a constant depth.  
‘Massive corals’ were the prominent coral morphology types present at all depths with Favites / 
Goniastrea spp. and Goniastrea australensis dominating the observed species.  Other coral species 
identified along the three transects include Pocillopora damicornis, Symphylia wilsoni and 
Turbinaria spp.  Observations made during the diver surveys indicate that coral cover reached up to 
80% in some areas outside of the transect lines.  

  

 
 

  

 
 Figure 3-8 Benthos cover at Hall Bank South as determined from video transects 
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Hall Bank South 9 m depth transect Hall Bank South (10 m depth) 

 
 Figure 3-9 Coral cover at Hall Bank South Site as determined from video transects 

 

Hall Bank West (Monitoring) Site 

Coral cover generally decreased with depth across transects at the Hall Bank West monitoring 
location (Figure 3-10).  The 6 m transect at the top of the reef had the highest coral cover of 
approximately 27% of the substrate surface, with the majority of the species belonging to the 
Faviidae family, in particular Favites/Goniastrea spp. and Goniastrea australensis.  The lowest 
coral cover was observed along the deepest transect (12 m) which was predominantly comprised of 
algal covered rubble.  Diver observations made from outside transects also identified 
representatives from the Mussidae, Pocilloporidae and Dendrophyllidae families.   
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 Figure 3-10 Benthos cover at Hall Bank West (Monitoring) Site as determined from video 

transects 
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3.3. BPPH within the Direct Project Footprint Areas 

3.3.1. Deep Water Channel 

The Deep Water Channel is located within waters between 15 and 19 m deep. The BPPH present 
comprises a combination of sand and limestone pavement, and therefore the BPP varies between 
seagrass and macroalgal communities. The proposed channel development area will remove an 
area of patchy seagrass cover including species Posidonia sinuosa and Posidonia coriacea, and a 
relatively dense area of seagrass located at the northern end of the Deep Water Channel, comprised 
of predominantly Posidonia spp. (Figure 3-11).  

  

Halophila ovalis, Syringodium isoetifolium and 
Heterozostera tasmanica 

Wrack (mixture of drifting macroalgae and 
seagrass) 

  

Macroalgae on limestone outcrop Posidonia sinuosa 

 Figure 3-11 Seagrass and macroalgae (BPP) identified from diver surveys within the 
Deep Water Channel 
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The proposed Deep Water Channel will also cut through a macroalgae assemblage approximately 
250 to 300 m wide, located on a hard pavement substrate.  The species which are located within 
this proposed removal area include brown, red and green macroalgae species and are part of a 
much larger community which extends further north. 

3.3.2. Proposed Spoil Ground 

The proposed spoil ground is situated at depths between 17 to 20 m and is dominated by a sandy 
substrate with wrack, although there is partial colonisation by patches of sparse seagrass 
(predominantly Halophila spp.).  The satellite imagery, drop camera observations and diver 
surveys within the spoil ground demonstrate there are no significant assemblages of macroalgae 
within the proposed spoil ground, and the absence of this type of BPP can be attributed to a lack 
hard substrate in the area.  The area was surveyed by diving and drop-camera and found to be 
mostly devoid of benthic flora apart from a few small patches of Halophila spp. at one site (site 
FPA 4).  The habitat at each of the sites is depicted in the photographs provided in Figure 3-14 and 
a description of the seabed is provided in  

Table 3-2.  Sampling was conducted over a larger area that was initially proposed as a spoil 
ground, the current proposal for the spoil ground covers only the four sites at the top of this area 
(sites 1 to 4, Figure 3-13).   

 Table 3-2 Spoil Ground sample sites and seabed characterisation 

Location Site Depth (m) Seabed description 

Mooring N1 FPA 1 20.3 Bare soft sandy sediment 

Mooring N2 FPA 2 20.2 Soft sandy sediment with accumulations of macroalgal and 
seagrass wrack 

Mooring N3 FPA 3 19.3 Soft sandy sediment 
Mooring N4 FPA 4 19.7 Soft sandy sediment with sparse patches of live Halophila sp. 
Mooring N5 FPA 5 19.8 Soft sandy sediment with scattered macroalgal and seagrass wrack
Mooring N6 FPA 6 22.8 Soft sandy sediment with scattered macroalgal and seagrass wrack

Mooring A FPA 7 16.2 Soft sandy sediment with massive accumulations of macroalgal 
and seagrass wrack 

Mooring B FPA 8 20.7 Bare soft sandy sediment 

South HAB 1 19.1 Soft sediment with very sparse small patches of Posidonia sp.and 
Amphibolis sp. 

West HAB 2 19.1 Soft sediment with dense Heterozostera sp. 
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FPA 1 – Bare soft sediment FPA 2 – Bare soft sediment with accumulations of 
macroalgal and seagrass wrack 

FPA 3 –Bare soft sediment 
 

FPA 4 –Soft sediment with sparse patches of live 
Halophila seagrass 

 Figure 3-12 Seabed Photographs at Sites within the Proposed Spoil Ground 
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 Figure 3-13 Satellite image Spoil Ground sampling sites 

 

FPA 8FPA 7 

FPA 6FPA 5 

FPA 4FPA 3 

FPA 2FPA 1 

HAB 1

HAB 2 
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FPA 5 –Soft sandy sediment with scattered of macroalgal 
and seagrass wrack 

FPA 6 –Soft sandy sediment with scattered macroalgal 
and seagrass wrack 

FPA 7 –Soft sand with accumulations of macroalgal and 
seagrass wrack (not attached). 
 

FPA 8 –Bare soft sandy sediment 
 

 Figure 3-14 Seabed Photographs at Sites outside the Proposed Spoil Ground 

 

The area appears to accumulate macroalgal and seagrass wrack as can be seen by the large quantity 
of fresh material observed at site FPA 7 in the southern portion outside the proposed disposal area.  
Additional sites were also surveyed to the south and to the south west of the proposed spoil ground 
and found to have seagrass ranging from sparse patches of Posidonia sp. and Amphibolis sp. (at site 
Hab 1) to dense Heterozostera sp. (at site Hab 2, Figure 3-15).   
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HAB 1 – South of proposed disposal area 
Soft sediment with very sparse small patches of Posidonia
and Amphibolis 
 

HAB 2 – West of proposed disposal area 
Soft sediment with dense Heterozostera 

 Figure 3-15 Seabed Photographs at Sites adjacent to the Proposed Spoil Ground 

 

 

3.3.3. Rous Head 

The substrate within the reclamation area at Rous Head was comprised of coarse sandy substrate 
with small, isolated patches of seagrass comprising of Halophila spp., Amphibolis spp. and 
Posidonia spp. (Figure 3-16).  

  

Site 30 - Sandy substrate 
Site 31 – Isolated patches Halophila spp, 

Amphibolis spp. and Posidonia spp. 
 Figure 3-16 Small areas of BPPH identified from drop camera surveys within the 

reclamation area at Rous Head  
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3.3.4. Inner Harbour and Entrance Channel 

The ecology of the Inner Harbour has been significantly modified by the removal of the protective 
bar at the mouth of the Swan River in the 1890’s and subsequent episodic dredging occurring over 
the past 110 years.  Dredging and shipping movements continually disturb sediments in the harbour 
making it an unsuitable area for the growth of benthic primary producing organisms.  Observations 
made from Figure 3-1 suggest that the Inner Harbour is an area of low biological habitat value.  
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4. Impacts of Dredging on Benthic Primary 
Producer Habitats  

4.1. Introduction 

Elevated turbidity and sedimentation levels above background can be caused by dredging at and 
beyond the confines of the dredge and spoil footprint. Turbidity plumes generated by dredging can 
extend kilometres beyond the source, but elevated sedimentation rates are normally restricted to 
within close proximity to the dredge, up to 500 m. Dredging related impacts to BPPH can therefore 
occur not only within the immediate impact site (e.g. the dredge, spoil and reclamation area 
footprints) but also outside of these areas and are referred to as indirect impacts.  

Turbidity is a measure of suspended particulate matter in the water column and affects light 
attenuation. Increased levels of turbidity can significantly reduce light availability (PAR) at depth 
and therefore can impact BPP, such as corals, seagrass and macroalgae, by reducing the amount of 
light available for photosynthesis. 

The BPP at risk from direct and indirect impacts from the dredging, spoil disposal and land 
reclamation activities are identified as areas of seagrass beds and macroalgae.   

In addition BPPH, defined as habitat that could support BPP, even though BPP may not be present 
at the time of survey (for example subtidal bare sand), could be affected if the dredge plume 
created conditions of turbidity and/or sedimentation that led to permanent loss of BPPH that was 
suitable for colonisation, thereby preventing potential colonisation at some point in the future.  

The definition of BPPH is based on the EPA Guidance Statement Number 29 (EPA 2004), where 
these are considered to be highly important providers of ecosystem services and therefore any 
disturbance to these features should be limited or prevented (EPA 2004). 

4.2. Model Predictions 

Modelling of the plume predicts potential cumulative TSS impacts associated with the combined 
dredging, disposal and reclamation activities over the entire 20 week dredging programme. 
Probability maps showing the areas where plumes of elevated TSS may occur are shown in the 
modelling report (Appendix G) and in section 6 of the PER.  

The modelling suggests that increased turbidity is likely to be localised within the immediate 
vicinity of the reclamation area discharge for the three dredge scenarios (see Appendix G). 



Benthic Primary Producer Habitat Assessment Report 

SINCLAIR KNIGHT MERZ       
 
I:\WVES\Projects\WV03196\Deliverables\02_PER Report\PER - Jan 09\Appendices\Appendix E_BPPH_Assessment.doc PAGE 35 

Baseline water quality analysis of TSS samples taken from fortnightly sampling trips indicate that a 
baseline concentration of around 2 mg/L is appropriate for the Fremantle offshore marine 
environment (taken as the 80th percentile of the data set collected – see Appendix D of the PER).  

The sediment plume modelling predictions appear to be consistent with evidence collected using 
aerial photographs taken of Stages 1 and 2 of the reclamation at Rous Head in 1989, where the 
plume was visible only within the immediate vicinity of the discharge from the reclamation area 
and the current modelling predicts a similar scenario for the proposed January and November 
dredge scenarios (see Appendix G) 

Potential increases in Sedimentation rates are predicted to occur across the Project Area during the 
dredging, disposal and reclamation works (Appendix G and Section 6 of PER).  Elevations in 
Sedimentation rates above background are expected to be variable across the Project Area and are 
predicted to range from 0.1 to 50 mg/cm2 with higher rates of sedimentation closer to the sources of 
material (Appendix G).   

4.3. Impacts from TSS and Sedimentation on Seagrass  

4.3.1. Minimum Light Requirement 

Seagrass survival is linked closely to light availability (Dennison & Alberte, 1985), with the 
reduction of light below the species lower limits being the primary factor leading to seagrass loss 
(Walker & McComb, 1992; Longstaff et al., 1999). Seagrass loss has also been reported as a 
consequence of random environmental factors such as cyclones (Poiner et al., 1989), flood events 
and disease (Den Hartog, 1996), however the primary cause of loss of seagrass is reduced light 
availability as a result of anthropogenic factors such as urbanisation, dredging, use of industrial 
fertilisers and poor catchment management (Short et al. 1996). Extension of seagrass meadows at 
any given location is constrained, given a suitable substrate for establishment, by water depth 
which influences light attenuation (Duarte, 1991).  The amount of light that reaches a seagrass leaf 
is determined by natural water colour, concentration of suspended solids, phytoplankton 
concentration and epiphyte cover of the leaf (Erftemeijer and Lewis, 2006).  Sub-lethal and lethal 
effects on seagrass meadows due to prolonged exposure to high turbidity and siltation, resulting in 
disturbances to light regimes, have been associated with dredging activities (Erftemeijer and Lewis, 
2006).   

In response to light reduction, seagrass can respond with physiological and morphological 
adaptations to balance carbon gains and loss (Collier, 2006). These adaptations include improving 
light capture by increasing concentration of chlorophyll and reducing the chlorophyll a/b ratio (Lee 
& Dunton, 1997); improving photosynthetic efficiency (Ruiz & Romero, 2001); altering 
morphological characteristics to increase leaf surface area for light capture, and reducing shoot size 
and density to minimise respiratory demands and self-shading (Lee & Dunton, 1997). Many 
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seagrasses also draw down on carbohydrate reserves, using them as a source of fixed carbon to 
support growth during times of detectable shading (Lee & Dunton, 1997).  The physiological 
responses are more rapid in onset, providing short-term relief from shading; however this is 
followed by more drastic morphological changes and, ultimately, biomass loss if the major light 
reduction persists (Longstaff & Dennison, 1999). 

There is a considerable range of values reported in the literature for the minimum light requirement 
(MLR) of seagrasses (2.5 to 37% of surface irradiance), varying between different seagrass species 
as well as within a single seagrass species (Dennison et al., 1993, Duarte, 1991; Collier, 2006; Lee 
et al., 2007; Schwarz et al., 2000).  Minimum light requirements of most seagrass species seem to 
vary between 15% and 25% of surface irradiance, but for some species (most Halophila spp. and 
some Posidonia spp.) MLRs are as low as 3 to 8% (Erftemeijer and Lewis 2006).  Table 4-1 
outlines the variability in MLR for species found in Cockburn Sound as reported in the literature. 

 Table 4-1 Critical threshold MLRs for seagrass species in Cockburn Sound, expressed 
as % of surface irradiance (SI) (adapted from Erftemeijer & Lewis, 2006) 

Species Location %SI Reference 

Amphibolis antartica Waterloo Bay, Australia 24.7 Duarte (1991) 
Halophila ovalis Zanzibar, Tanzania 16 Schwarz et al. (2000) 
Posidonia coriacea Adelaide coast, Australia 8 Westphalan et al. (2004) 
Posidonia sinuosa Cockburn Sound, Australia 

Australia 
Waterloo Bay, Australia 

8-14 
20 
24.7 

Collier (2006) 
Gordon et al. (1994) 
Duarte (1991) 

 

As a general rule, the lowest MLRs recorded for seagrasses are for smaller species, for example 2% 
for Zostera noltii (Peralta et al. 2002) and 4% for Halophila decipiens (Dennison et al. 1993), 
which is thought to be due to their lower respiratory requirements (Duarte 1991).  These smaller 
species can adjust their depth along a gradient limit in response to changes in light availability 
while larger species have a more static depth limit (Collier 2006).  

In addition, many of the different MLRs for a given species found in the literature can also be 
attributed to differences in the methods used to derive the values.  Methods range from 
physiological studies of photosynthetic/irradiance relationships, field observations of maximum 
depth of seagrass colonization (compensation depth) and experimental manipulation of light levels 
during growth studies to statistical models.  In addition, when measuring light attenuation, different 
studies use different techniques, i.e. measuring surface irradiance as opposed to sub-surface 
irradiance, and in some literature these terms are used interchangeably making it difficult to 
compare studies.   
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The loss of light between the surface and immediately below the water’s surface can be up to 85% 
resulting in significant differences in the calculation of the MLR.  For example, a MLR of 40% 
using surface irradiance would equate to an MLR of 6% using sub-surface irradiance assuming a 
85% extinction at the air-water interface.  Studies and methods further differ in the degree to which 
attenuation by epiphyte cover of seagrass leaves, natural water colour, seasonal variation, above-
below-ground biomass ratios, environmental factors other than light and sub-lethal effects have 
been taken into account (Erftemeijer and Lewis 2006).  Published data often do not distinguish 
between light extinction (Beer-Lambert Law equation) which is a natural log relationship between 
light levels with depth and true light attenuation which is a log base 10 relationship.  Light 
attenuation is approximately 43.43% of light extinction. 

Seagrass species have been classed along a gradient from ‘pioneering species’ to ‘climax species’ 
based on their life history strategy.  Pioneering species are characterised by rapid seeding and are 
ephemeral species while climax species have a restricted distribution, are slow to recolonise and 
are persistent.  Therefore, for climax species to persist annually, light properties that allow them to 
persist at a given depth limit (rather than rapid re-colonisation characteristic of some other species) 
is crucial to their survival.   

Collier (2006), who studied the responses of P. sinuosa to changes in light availability, provides 
further support that shading does have an impact on seagrass meadow structure, growth, 
morphology and physiology. The MLR for P. sinuosa in Cockburn Sound was identified as 
approximately 8.5% of sub-surface irradiance which is similar to a previous study for P. sinuosa 
(Masini et al. 1989).  Shoot density showed the most consistent and dramatic response with up to 
84% loss over a 106 day high shading (9% of ambient light) period. Following the initial loss of 
shoot biomass, shoot loss was slowed but continual throughout the shading period, with complete 
loss occurring after 206 days. Shoot loss also dominated the response in the moderate shade (27 % 
of ambient light) plots where shading was similar to the MLR of P. sinuosa (see Table 4-2). Other 
physiological and morphological responses were most pronounced when light was reduced below 
the MLR, which included an increase of length/weight ratio of growth, prolonged reduction of 
carbohydrates in the rhizome and acclimation of the photosynthetic apparatus (Collier 2006).  

Duarte (1991) found that Amphibolis antartica has a higher MLR than most other local species 
(documented at 24.7%), however, due to the limited studies determining the MLR of Amphibolis 
spp. and the fact that Amphibolis spp. are found in water depths at or greater than P. sinuosa, it is 
reasonable to assume that these species may have a lower MLR.  Therefore based on this, the MLR 
requirement used to determine the threshold for seagrasses will be based on the 8.5% MLR of 
P.sinuosa as a precautionary measure. A recent study by Mackey et al. (2007) also found that A. 
griffthii responded to light deprivation by the reduction of leaf biomass and new shoot growth. The 
leaves in the upper canopy of the shaded A. griffthii also had 55% more chlorophyll than the 
control leaves which received full available light. The reductions in canopy self-shading together 
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with the changes in pigment concentrations of the remaining leaves, probably provides the capacity 
for A. griffthii to rapidly recover. Conclusions made from Mackey et al. (2007) suggest that the 
extent and rate of this recovery indicates that A. griffthii is largely able to withstand a single 
episode of light deprivation over a three month period. 

Under laboratory experiments and in-field shading studies it has been demonstrated that seagrass 
can survive at light intensities below their MLR for periods ranging from a few weeks to several 
months.  The survival period for Cockburn Sound’s dominant seagrass species P. sinuosa 
(Kendrick et al. 2002) is generally longer than other seagrass species (Table 4-2). It is speculated 
that the prolonged survival of P. sinuosa at very low light intensity is due to the availability 
substantial carbohydrate reserves in the plants rhizome (Collier 2006).  

 Table 4-2 Duration of time various Cockburn Sound seagrass species can survive when 
light is reduced below their MLR 

Species Light Availability Survival period 
(months) Reference 

Halophila ovalis 0 1 Longstaff et al. (1999) 
Heterozostera tasmanica 2% of SI 

9% of SI 
2-4 
10 

Bulthuis (1983) 
 

Posidonia sinuosa 12% of Ambient 
9% of Ambient 

24 
17 

Gordon et al., (1994) 
Collier (2006) 

 

The large ‘meadow-scale’ shoot loss observed in P. sinuosa by Collier (2006), in addition to 
reducing the overall respiratory load, reduced self shading effects allowing greater penetration of 
available light through the canopy. The increase in light availability (reducing turbidity and thinner 
canopy) induced the rapid recovery of a number of characteristics in P. sinuosa, including growth 
and photosynthetic parameters, which leads to the eventual recovery of shoot density provided that 
light remains above the MLR.  

Longstaff et al. (1999) found that the die-off of H. ovalis under light deprivation was much more 
rapid than other seagrass species, surviving only 30 days. It has been well documented that small 
seagrass species such as Heterozostera tasmanica and H. ovalis display a limited tolerance to 
severe shading, surviving only two months and one month under 2% of surface irradiance, 
respectively (Bulthuis 1983; Longstaff et al. 1999). It is thought that the vast difference in survival 
period and tolerance to shading between small species such as H. ovalis and larger, developed 
species like P. sinuosa is due to the seagrasses capacity to store and utilise carbohydrates (Kraemer 
& Alberte 1995). 

The recovery of H. ovalis after a light deprivation event is much slower than the biomass decline 
(Longstaff et al. 1999), meaning that loss of this species may also occur after a sequence of short 
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intermittent light deprivation events where there is insufficient time in between events to allow 
recovery. Longstaff et al. (1999) state that if a light deprivation event caused by factors such as 
dredging persist for 30 days or longer, H. ovalis will probably die off completely and recovery 
would have to occur through the growth of seeds and settling vegetative propagules. 

These studies demonstrated that smaller species had shorter survival periods due to their lower 
carbohydrate storage capacity than that of larger species.  Studies indicated that that P. sinuosa is 
able to survive longer at sub-compensation light levels (5 to 6 months) than H. tasmanica, while H. 
ovalis had the shortest survival period (Longstaff et al. 1999; Langstaff and Dennison 1999).   

Despite being less tolerant to light reduction, it is the loss of climax species which have the most 
impact on ecosystems and the marine environment in general.  The smaller species have a much 
greater ability to re-colonise once stress ceases.  

4.3.2. Shading Investigations 

An investigation into the effects of reduced light availability on Amphibolis griffithii has been 
recently carried out in Jurien Bay to simulate the impacts to this species due to light reduction or 
shading events (Lavery and McMahon, 2008). Large-scale dredging projects cause intense (acute 
and chronic) and widespread impacts on benthic light climate due to the light attenuating effects of 
sediments liberated to the water column during dredging.  Light dependent benthic organisms such 
as seagrasses are particularly susceptible to deterioration in the quality and quantity of light they 
receive. 

Three factors (i.e. time of year, duration and intensity of light reduction) were manipulated to 
simulate different dredging scenarios and help understand how different times of year (start at end 
of summer or winter), durations (three, six and nine months) and intensities would impact A. 
griffithii with increasing intensity or duration of light reduction there was then morphological 
changes, such as reduction in leaf biomass. Recovery was made 10 months after the removal of 
light reduction only for treatments shaded for three months.  No recovery was observed for 
treatments shaded for six or nine months. 

Plants receiving 4-5 hours of shading a day will show about 40% loss of leaf biomass, and has the 
potential for recovery if the same average light climate is experienced for three months.  However, 
if the same average light climate is experienced for more than six or nine months, then 80 to 99% 
leaf loss can be expected with no recovery for at least two years (Lavery and McMahon, 2008).   

Relative to large seagrass species such as Posidonia spp., species of Amphibolis spp. are expected 
to show greater susceptibility to disturbance, due to their lower rhizome reserves, but a greater 
potential to recover (Lavery and McMahon, 2008). As available light is reduced, plants enter an 
initial phase of physiological response to maintain a positive carbon balance, reflected in changes 
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to the measurable aspects of photochemistry.  During spring-summer, these physiological 
adaptations may be sufficient to offset moderate reductions in light availability.  However, 
prolonged, more severe or similar reductions at other times of the year may exceed the capacity for 
physiological adaptation and the plants begin to demonstrate morphological changes. 

Shading studies also affected algal epiphyte biomass, a source of food and habitat for other 
organisms.  The changes in both seagrass morphology and algal biomass caused by shading have 
important consequences for the habitat and food provision roles of A. griffithi meadows.  

Tolerances of A.griffithii to light stress will alter with time of year.  Plants are likely to tolerate high 
(though not extreme) shading more effectively over the spring period, but may then show a delayed 
onset of impacts, even after shading has been completely removed (Lavery and McMahon, 2008). 

4.4. Impacts from TSS and Sedimentation on Corals 

Hall Bank is an area of hard sediment approximately 3 km to the West of Fremantle, which is a 
coral dominated habitat.  The bank rises up to 6 m below the surface and is located adjacent to the 
shipping channel.  It has a similar coral fauna to that of Cockburn Sound (Veron and Marsh, 1988), 
and close to 100% cover in some areas.  In 1978/1980, the WA Museum identified 15 species of 
coral at Halls Bank (L. Marsh pers. comm.).  A detailed description of Hall Bank is provided in 
Section 3.2.3. 

Hall Bank appears to support a locally unique community of corals and therefore it is a locally 
significant environment.  The persistence of the coral community at Hall Bank since 1980 suggests 
that the previous dredging campaigns and reclamation works at Rous Head did not have a 
significant impact on the area.   

There is no information on the potential resilience of corals in the temperature waters off Perth to 
elevations in TSS and sedimentation and therefore it is necessary to examine what is known about 
the resilience of the corals present at Hall Bank from data collected elsewhere in the geographic 
range of these species and genera. Most of the species reported from Hall Bank are widely 
distributed and occur in a range of environmental conditions, but the information available for 
these species and genera in the literature is derived from studies in tropical and subtropical waters. 
Species of the genera Porites, Favites and Favia are reported to exhibit a medium resilience to the 
effects of increased sedimentation and turbidity while Turbinaria spp. have a higher resilience 
(Gilmour et al., 2006).  Pocillopora damicornis has been reported to be highly vulnerable to 
increased sedimentation and turbidity (Gilmour et al., 2006).  In the absence of contrary evidence, 
it is assumed here the corals of these species and genera at Hall Bank will exhibit similar trends in 
resilience. 
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Suspended sediments from dredging operations can be detrimental to corals through abrasion, light 
attenuation and smothering.  Four parameters are commonly referred to in this context, namely: 
light attenuation, turbidity, suspended solids and sedimentation (Table 4-3). 

 Table 4-3 Four parameters used in the description of dredging impacts on corals 

Parameter Definition Impact on Corals 

Light Attenuation The decrease in light as it passes 
through the water column before 
striking the coral 

Decreases the amount of sunlight available 
for photosynthesis, potentially causing 
deficits in coral energy budget. 

Turbidity The amount of light scattered by 
particles in the water as opposed to 
transmitted – i.e. the inverse of 
transparency 

An indicator of the other three parameters 
(light attenuation, suspended solids and 
sedimentation). 

Suspended Solids The amount (usually mass) of 
particles suspended in the water 
column 

Abrasion can cause physical damage to the 
tissue surface of the coral polyps. 
Also an indicator of the other three 
parameters (light attenuation, turbidity and 
sedimentation). 

Sedimentation The rate at which particles settle out 
of the water column 

The amount of energy required to clear 
sediments coating the organism.  In severe 
cases a sediment layer can create a 
physical barrier inhibiting processes at the 
tissue-water interface ultimately causing 
mortality. 

 

Many hermatypic corals are largely dependent on symbiotic zooxanthellae embedded in their tissue 
for energy, sufficient light levels for photosynthesis is needed for the coral to survive and 
reproduce. Adaptations to low light level habitats include reduced depth of settlement (Blakeway 
and Radford, 2005) and increased pigment content or size of the photosynthetic units in the 
zooxanthellae for optimal light uptake (Dubinsky, 1984).  

Even though light deprivation has the potential to impact on corals through reduced light 
availability for photosynthesis (Rogers, 1979), corals are generally able to survive periodic, short 
periods of low light regimes (Davies, 1991).  

While turbid environments have traditionally been considered poor coral habitats due to low light 
levels, research indicates that turbid nearshore environments may create an opportunity for corals 
to enhance the rate of suspension feeding and thereby increase nutrient uptake (Anthony, 2000). 
The enhanced nutrient uptake of corals on inshore reefs compared to those offshore is believed to 
boost the lipid storage 2 to 4 fold and increase the energy available for somatic growth (i.e. 
increase in size or mass of a coral), (Anthony, 2006). High turbidity and suspended solid levels 
during dredging may decrease light levels, but may also enhance heterotrophic input to coral 
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energy budgets, thereby offsetting the detrimental effects of light deprivation. This offset is 
believed to have a significant effect only in shallow water down to a few metres (Anthony, 2006). 

Turbidity and sedimentation levels predicted by the modelling (see Section 4.2) do not extend as 
far as the corals at Hall Bank.  Therefore, it can be inferred that there will be no effect to these 
corals during the dredging programme and that changes in TSS or sedimentation levels during the 
Inner Harbour Deepening Project will not result in any coral mortality.  There will be no direct loss 
of significant coral assemblages associated with the Project.  

4.5. Impacts from TSS and Sedimentation on Macroalgae 

Elevations in TSS and sedimentation above background levels have the potential to cause impacts 
to macroalgae.  

There is a substantial body of literature documenting the potential impacts upon corals and 
seagrasses from elevations in TSS and sedimentation, but comparatively little information is 
available for macro algae.  

In a review of the literature documenting the impacts of sedimentation on the flora and fauna of 
rocky coasts, Airoldi (2003) concluded the impacts of sedimentation on macro algae, coralline 
algae and turf algae are not well understood and there is considerable debate in the literature about 
whether some types of algae benefit from an increase in sedimentation, or are negatively impacted, 
or are not affected at all. Airoldi (2003) concludes that site specific characteristics of habitats, 
sedimentation, co-acting factors, and the adaptive capacity of individual species may explain the 
lack of coherence in results and observations published in the literature.  

Airoldi (2003) also points out that many of the studies that report an impact on macro algae from 
sedimentation do not provide a quantitative estimate of the amount of sediment, the type of 
sediment involved and the potential impact of other factors such as turbidity and often fail to 
identify the mechanisms whereby sedimentation has had a negative or positive effect on individual 
species. In short much of the published information is qualitative (see Figure 4 in Airoldi 2003). 

A large variety of macro algae species are known from the hard substrates found in subtidal areas 
off the coast of the metropolitan area and at least some these species may be vulnerable to impacts 
from deteriorations in water quality, while other species may be tolerant. In the absence of specific 
information about the likely responses of the macro algae communities in areas which may be 
affected by the plume it is not possible to construct meaningful thresholds for water quality 
(turbidity) and/or sedimentation rates. Consequently it is assumed that macro algae will not be 
more vulnerable than seagrasses to potential impacts from the proposed programme of dredging 
and reclamation.  
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5. Water Quality Thresholds 
5.1. Introduction 

Based on the discussion presented on MLR in Section 4, the MLR that will be applied to seagrass 
species within the Fremantle Ports marine environment will be based on climax species as it is a 
better representation of dredging impacts on seagrass as a whole.  Of the species identified only 
Posidonia and Amphibolis genera are considered to be climax species (Walker et al. 1999).   

The minimum light requirement or compensation depth for a given species is therefore dependent 
upon the water depth.   

5.2. Minimum Light Requirement 

For the purpose of assessing the impact of increased turbidity arising from the works proposed in 
this document, a MLR of 8.5% was used.  This assumption is justified by the maximum depth of 
around 20 m at which seagrass was found to exist in the Project Area.  Given that background light 
attenuation coefficients recorded during the baseline field studies (see Appendix D of the Draft 
PER) were approximately 0.05 LAC, a water depth of 20 m represents the depth at which light has 
been reduced to 8.5% of sub-surface irradiance.  

5.3. Water Quality Thresholds Rationale  

In order to predict the impacts of the dredging, spoil disposal and land reclamation activities 
associated with the Inner Harbour Deepening Project on seagrass, water quality thresholds for light 
attenuation (LAC) were developed for interrogation of the numerical modelling to indicate where 
and when potential impacts could occur as a result of the Project’s activities.  Thresholds for LAC 
were determined using baseline water quality data collected over a six month period to create 
individual thresholds for potential impact, potential effect/stress and potential influence of dredging 
activities on seagrass.  The rationale for the development of each threshold is presented in Table 
5-1. 
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 Table 5-1 Water Quality Thresholds Rationale for Seagrass 

Zones Contour 
number 

Water Quality threshold 
applied 

Threshold Value  Statistic used for application of threshold 
value 

Rationale 

Zone of Impact 1 Threshold 1 
Potential Permanent Loss 

LAC  
1% of MLR 
 

Average TSS thru water column  
5th % ile data distribution for daylight hours 

Based on literature showing survival over 5 months 
with 99% light (“lights-out” for duration of 
dredging). 
 
Threshold of 1% - ie 1% or less for 95% of the 
time 
 

Zone of effect 2 Potential temporary loss  
 

LAC 
30% MLR  

Average TSS thru water column  
5th % ile data distribution for daylight hours 
 

Seagrass always (for 95% of the daylight hours) 
gets less than 30% of MLR  
 

 3 Threshold 2 
Potential temporary loss  

LAC 
30% MLR  

Average TSS thru water column  
50th % ile data distribution for daylight hours 
 

Seagrass sometimes gets less than  
30% of MLR but sometimes more 

 4  
Potential health effect  

LAC 
MLR  

Average TSS thru water column  
5th % ile data distribution for daylight hours 
 

Seagrass always (for 95% of the daylight  
hours) gets less than MLR  
 

Zone of 
Influence 

5 Threshold 3 
Potential health effect  

LAC 
MLR 

50th % ile data distribution for daylight hours Seagrass sometimes gets less than MLR  
but sometimes more 

Visible Plume 6 Visible Plume 
 

TSS of 2mg/L Average TSS thru water column  
50th % ile data distribution for daylight hours 
 

Likely extent of discernable plume  
in any one direction (NOT a snapshot) 

7 Visible plume 
 

TSS of 2mg/L Average TSS thru water column  
95%ile or maximum for daylight hours 

Maximum extent of discernable  
plume in any one direction  
(NOT a snapshot) 

 

 5th % ile data distribution for daylight 
hours 

50th % ile data distribution for 
daylight hours 

95%ile or maximum for daylight 
hours 

Threshold 1 (1% MLR) Zone of Impact Zone of effect Zone of effect 
Threshold 2 (30% MLR) Zone of effect Zone of Effect Zone of Influence 
Threshold 3 (MLR) Zone of effect Zone of Influence No effect or influence 
Threshold 4 Visible plume Zone of Influence No effect or influence No effect or influence 

Increasing risk of 
im

pact 
Likely to be no 
im

pact 
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6. BPPH Assessment 
The removal of seabed can result a loss of benthic habitat and mortality of supporting species and 
benthic assemblages; subsequent indirect effects to marine fauna resulting through loss of habitat; 
and a reduction in species diversity and abundance (such as fish and sessile benthic infauna and 
epifauna). 

Acceptable losses of BPPH are set within the boundaries of ‘Management Units’, which are based 
upon the spatial definition of areas that are important at ecosystem level (EPA 2004).  The BPPH 
Management Units for the proposal were agreed with the EPA/DEC within the Environmental 
Scoping Document (ESD) and are shown in Figure 6-1. 

Based on the numerical modelling simulations the Management Units that have been assessed as 
likely to experience potential impacts (both direct and indirect) from the proposal are the Gage 
Roads and the Deep Water Channel Management Units.  The proposed spoil ground and the 
majority of the areas around the port development within the Gage Roads Management Unit are 
located within Fremantle Ports’ limits.  This area is classed as Category E (Development areas) 
under EPA Guidance Statement Number 29 and the allowable cumulative loss threshold of BPPH 
within this category is 10%.  The Deep Water Channel Management Unit is classed as Category D 
(Non-designated area) and the allowable cumulative loss threshold of BPPH within this category is 
5%. 

The Coastal Management Unit to the north of the project is classed as Category C (Other 
designated area) and the allowable cumulative loss threshold of BPPH within this category is 2%. 
Although the September model scenario predicts that the Zone of Influence will extend into the 
Coastal Unit (C), it is not predicted that BPPH within this Management Unit will be impacted by 
the proposal.  

Dredging of the Inner Harbour will cause direct physical disturbance to the seabed, but will not 
result in direct loss to BPPH because the area which will be irrevocably altered does not currently 
support BPP as the harbour is characterised by bare subtidal sand.  

However, dredging of the Entrance Channel and Deep Water Channel and disposal of spoil to the 
proposed offshore spoil ground will result in the direct loss of some BPP and therefore BPPH.  In 
addition, the land reclamation proposed at Rous Head will result in the permanent loss of BPPH 
over an area of 27 ha.  The areas to be directly impacted with their corresponding BPPH losses 
have been calculated in accordance with EPA Guidance Statement No. 29. Direct loss of BPPH in 
relation to the Management Units is shown in Table 6-1.   
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The dominant category of substrate type in both management units where there are predicted 
impacts is sandy substrate, but in many of the shallower areas this substrate appears to be mobile, 
and overlies limestone reefs as a thin veneer. 

Sea grass communities varying in density and community composition occupy some of the sandy 
substrate but do not occupy all of it (Table 6-1), and therefore it is not clear whether these areas of 
bare sand could be classed as BPPH with the potential to support sea grass communities. Certainly 
some areas appear to be too deep, and in some areas the sand may be too mobile, wherever wave 
action suspends and moves sands regularly. There is no history of progressive sea grass loss within 
these management units that parallels what has been documented for Cockburn Sound, and apart 
from the areas within the existing channels and disposal grounds it can be assumed that the amount 
of sea grass present may always be similar to that currently present within the management unit, 
primarily because there is no apparent history of disturbance that would suggest the spatial 
coverage of the substrate by sea grass was greater at some point in the recent past. In other words, 
that sea grasses currently occupy all areas within the unit where it is currently possible for sea grass 
to exist.  

Similarly there are patches of macro algae present wherever the water is shallow enough and a hard 
substrate is exposed long enough for colonisation to occur. These areas do not occupy large areas 
of the unit, but it is reasonable to assume once again, in the absence of any evidence of past 
disturbance sufficient to remove large areas of macro algae from areas suitable for colonisation, 
that all suitable areas are currently occupied by macro algae. 

If large scale events such as storms change the topography of the seabed within individual 
management units, removing sand from reefs, creating new habitats for algae, and creating new 
habitats for sea grasses where the sand is deposited, then the spatial distribution of these BPP will 
obviously change, but there is no indication of whether or not the changes would necessarily lead 
to an overall increase, or decrease in the coverage of one or other BPP within the management 
units. 

The persistence of corals at Hall Bank through a period of some 28 years, suggests that the local 
conditions at Hall Bank have at least remained relatively stable through time.  
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 Figure 6-1 BPPH Management Units for the Project 
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6.1.1.1. Direct Impacts to BPPH 

The direct removal of seabed can result a loss of benthic primary producer habitat (BPPH) and 
mortality of supporting species and benthic assemblages; subsequent indirect effects to marine 
fauna resulting through loss of habitat; and a reduction in species diversity and abundance (such as 
fish and sessile benthic infauna and epifauna). 

Dredging of the Inner Harbour will cause direct physical disturbance to the seabed, but will not 
result in direct loss to BPPH because the impacted area does not support BPPH.  Instead, the Inner 
Harbour is characterised by bare subtidal sand. However, dredging of the Entrance Channel and 
Deep Water Channel and disposal of spoil to the proposed offshore spoil ground will result in the 
direct loss of some BPP and BPPH.  BPP such as seagrass and macroalgae in these areas may be 
directly removed by dredging or smothered by disposal of the spoil material. BPPH may be directly 
effected by altering the habitat for benthic primary producers to grow upon making it too deep in 
the Deep Water Channel or changing the substrate so that it is unsuitable for BPP to grow.  In 
addition, the land reclamation proposed at Rous Head will result in the permanent loss of BPPH 
over an area of 27 ha.   

The areas to be directly impacted with their corresponding BPPH losses have been calculated in 
accordance with EPA Guidance Statement No. 29 and are presented in Table 6-1.  In order to 
provide the worst case for permanent BPPH loss, the ‘zone of potential impact’ has been calculated 
assuming that the total area of the dredging footprint in the Entrance Channel, Deep Water Channel 
and the total area of the proposed spoil ground is to be permanent loss.  Therefore all BPPH 
identified in the habitat mapping within the dredging footprint and disposal areas has been 
calculated as loss.   

While this estimate of permanent loss is certainly the case for the Rous Head reclamation area, it is 
the most conservative approach elsewhere because it overestimates the areas of loss in the Entrance 
Channel, Deep Water Channel and proposed offshore spoil ground.  In reality there will be some 
immediate direct loss of any existing BPP in the areas dredged for the channels and this loss may 
remain permanent because the depth of the channel will be increased therefore making it less likely 
for seagrass to re-colonise.  However, on the spoil ground there will not be total loss over the entire 
area calculated.  Spoil dumping will cover a major portion of this area and be aimed at placement 
in the deepest part of the spoil ground which is currently more sparsely covered with BPP. 
Although this may over time become re-colonised with seagrass or macroalgal species, for the 
purposes of this assessment it is assumed to be permanent loss. 

Direct loss of BPPH in relation to the Management Units is shown as the red cross-hatched area for 
each dredging scenario in Figure 6-5, Figure 6-6 and Figure 6-7.  Predicted permanent loss of 
BPPH within the direct footprint of the dredge areas, spoil ground and reclamation area was found 
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to be within acceptable limits for cumulative loss including historical loss of BPPH for the Project 
Area Management Units.  

6.1.1.2. Historical loss of BPPH 

Historical loss of BPPH has occurred through numerous changes to the coastline both to the North 
and South of the entrance to Fremantle Harbour.  Historical changes to the original coastline are 
depicted in Figure 6-2 which shows the coastline in 1877 (yellow line) then again in 1985 (green 
line) and the present coastline (satellite image) with the proposed Rous Head reclamation area 
(outlined in red).  Extensions to the Fremantle Harbour coastline have included land reclamation at 
Rous Head including the North Mole and Rous Head harbour. To the south, the South Mole, Arthur 
Head and several small vessel harbours have been constructed all adding to the historical loss of 
seabed and hence area for BPPH.   These historical changes amount to a total area of approximately 
194 ha of seabed and intertidal zone being reclaimed or enclosed as small vessel harbours.  These 
historical losses are all contained within the Gage Roads Management unit and there is no 
historical evidence of loss in the Deep Water Channel Management unit. 

Because these changes to the coastline resulting in loss of BPPH began as far back as 1897 with the 
opening of the Inner Harbour, it is not possible to obtain baseline habitat mapping or aerial 
photographs to accurately assess the historical area of BPPH. It has therefore been necessary to 
make an estimate based on existing data and available aerial photography from the 1980s.  

Applying the same areal extent of BPPH identified in the habitat mapping undertaken for the Gage 
Roads management unit, approximately 16% of the total seabed area already lost could have been 
seagrass beds and macroalgae.  Conversely, aerial photographs from 1985 at Rous Head show that 
up to approximately 30% of the seabed reclaimed or dredged for the stage 1 Rouse Head Harbour 
development could have been seagrass beds.  Historical loss of BPPH in the Gage Roads 
management unit has therefore been estimated to be between 16% to 30% of the total area 
amounting to a best case loss of about 30 ha and a worst case loss of about 58 ha.  

These may also be overestimates of historical loss because there would have normally be very little 
seagrass in the intertidal zone or in the first few meters of water depth from the beach as can be 
seen at Bathers Beach and Port Beach in the background aerial image.  Apart from the reduction in 
BPPH associated with loss of seagrass beds resulting from the historical coastline changes, the 
construction of over 5 km of rock breakwaters and seawalls to the present time may have increased 
the area available for macroalgal habitat.  For these reasons, it is considered that the calculation of 
historical BPPH loss is on the conservative side and overestimates the loss.  Notwithstanding this, 
the more conservative, worst case of the estimates (58 ha) has been used for the cumulative loss 
calculation in Table 6-2. 
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 Figure 6-2 Fremantle Coastline Comparison 1877, 1985 and 2008. 
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Table 6-1 BPPH Loss Calculations  

BPPH Loss Calculations 
BPPH Management Unit (MU) 

Gage Roads Category E Deep Water Channel Category D 

Total Size of Management Unit (ha) 6825 10521 

Types of Benthic Primary Producer Habitat Dominant seagrass with 
macroalgae and coral  

Macroalgae on limestone 
pavement, occasional seagrass 

Current Area of BPPH (ha) 1050 1532 
Historic BPPH Loss (ha and (%)) 58 (5.25%) 0 (0%) 

Predicted Permanent Direct Loss due to 
Project (ha and (%)) 25 (2.5%) 22 (1.5%) 

Predicted Total Cumulative Loss (Historical 
+ this Project) (ha) 83 22 

Predicted Total Cumulative Loss as % of 
Historical Total 7.5% 1.5% 

EPA Category and Loss Threshold (2004b) E 10% D 5% 

The direct impact area of the project is located outside Coastal Management unit and based on the 
habitat mapping and the modelling predictions, there is no permanent BPPH loss in this 
Management unit. 

Predicted BPPH loss in the Gage Roads Management unit is approximately 25ha which is 2.5% of 
the current BPPH area of 1050ha.  Historical Loss is calculated to be 58ha resulting in total 
cumulative loss of 83ha which is 7.5% of the total current plus historical area of BPPH in the 
Management unit (1107ha).   

As there is no known historical loss in the Deep Water Channel Management Unit, the predicted 
permanent BPPH loss is confined to the 22 ha of BPPH in the dredging footprint or 1.5% of the 
total BPPH in that area. 

6.1.1.3. Indirect Impacts to BPPH  

Indirect impacts to marine biota from dredging and spoil disposal relate to increases in background 
turbidity and increased sediment deposition from the dredging activity. Coral assemblages, which 
are restricted to Hall Bank approximately 3 km west of Leighton Beach, are particularly sensitive 
to changes in turbidity and sedimentation rates. However, the zones of significantly elevated 
turbidity and sedimentation levels predicted by the modelling (see Section 6.4.4) do not extend as 
far as the corals at Hall Bank.  Therefore, there are no effects on these corals predicted during the 
dredging programme that would result in any coral mortality.  As seagrass is the most widespread 
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BPPH in the Project Area, the focus of the assessment of direct impacts associated with turbidity 
plumes and increased sedimentation rates generated during dredging, offshore disposal and 
reclamation is on this BPPH community. 

EPA Guidance Statement No. 29 requires the development of Management Units for the spatial 
definition of BPPH to set the boundaries of the acceptable losses. The Management Units for the 
Project are shown in Figure 6-1. The Management Units have been defined to encompass all the 
areas of BPPH reported from the region, predicted to experience potential impacts (both direct and 
indirect) based on numerical modelling simulations. The modelling is a tool to provide an 
indication of predicted turbidity and sedimentation patterns associated with the proposed dredging, 
spoil disposal and land reclamation activities. 

In conjunction with the modelling exercise it was necessary to develop a set of thresholds for light 
attenuation (LAC) for seagrasses, as the most sensitive receptor predicted to experience elevated 
turbidity due to dredging, in order to indicate where and when potential impacts might occur as a 
result of dredging and disposal activities.  

6.1.1.3.1. Threshold Development 

Threshold levels are values used to determine the zones of effect on benthic primary producer 
habitat.  These values are applied to numerical modelling of turbidity effects of dredging and 
disposal to generate three zones.  These zones can be best visualised as concentric circles one 
nested within another as shown in the conceptual model in Figure 6-3 with the boundaries being 
delineated by threshold values. 

 

 Figure 6-3 Conceptual model of BPPH effect zones 
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The zones of impact are described as follows:  

Zone of Permanent Loss – is generally predicted as both: 

 the area directly affected (e.g. the channel dredging footprint, reclamation area and spoil 
disposal site); and 

 an area immediately about/surrounding the proposed dredging and disposal areas, which is 
indirectly affected (e.g. by smothering or light deprivation) with a severity and duration such 
that impacts to biota and their habitats will be severe.  

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. 

Zone of Effect – this zone abuts and lies immediately outside of the Zone of Loss.  Within this 
zone sub-lethal effects on key benthic biota would be predicted, but there should be no mortality of 
benthic biota and no long-term damage to, or modification of, the communities they form or the 
substrates on which they grow.  The outer boundary of this zone is coincident with the inner 
boundary of the next zone – the ‘Zone of influence’. 

Zone of Influence – this zone is the area where, at some time during the proposed dredging and 
spoil disposal activities, changes in sediment-related environmental quality levels or increased 
turbidity which are outside natural ranges (e.g. median value beyond 80th percentiles of un-
impacted reference distribution) might be expected; however, their intensity and duration is such 
that no detectible effects on benthic biota or their habitats are predicted. 

The threshold values delineate the boundaries of the three zones.  For this project the primary 
BPPH that will be impacted, based on the footprint of dredging, disposal and numerical modelling 
of TSS levels, is seagrass.  The coral area identified at Hall Bank is well outside the predicted 
effect or influence area of the project.  Calculation of the threshold values is, therefore, based upon 
light attenuation effects on seagrass correlated to TSS values used in the numerical modelling. 

Predicted turbidity impacts 

Figure 6-4 shows the rationale of the trigger values used in conjunction with the modelling to 
establish areas of Potential Impact (Threshold 1, Permanent Loss) Zone of Potential Effect 
(Threshold 2, short term impact but no long term loss) and the Zone of Potential Influence 
(Threshold 3, Increased turbidity but no short term impact or long term loss).  The modelling 
output for loss of light caused by increased TSS has been used to predict these three zones based on 
the threshold values for each seasonal scenario. These zones have then been used with the BPPH 
mapping to calculate the area of habitat affected by each zone for each scenario.  Indirect effects on 
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seagrass in relation to the management units is shown in Figure 6-5, Figure 6-6 and Figure 6-7.  
Table 6-2 presents the results of each predicted zones of Impact, Effect and Influence for each 
modelling scenario in relation to the BPPH Management Units.  

The modelling has predicted that no permanent indirect loss of BPPH as a result of increased TSS 
levels will occur outside the zones defined as the dredging footprint, spoil disposal ground and 
reclamation area.  Predicted permanent loss is based on a conservative estimate and is still within 
acceptable limits for cumulative loss of BPPH for the Project Area Management Units.  There is 
therefore no difference in the predicted permanent loss between the different start dates (i.e. 
January, Figure 6-5; September, Figure 6-6; and November, Figure 6-7). 

However, there are some differences in predicted location of the potential effect and influence 
zones.  For example, a September start date results in a larger zone of potential effect at the spoil 
ground and the zone of potential influence extending up into the Coastal Management Unit.  
November and January start dates produce larger zones of potential effect in the Deep Water 
Channel and at Rous Head.  The deeper sections of the Deep Water Channel (i.e. towards the north 
of the dredge area) show the potential for greater effects from increased TSS levels than in the 
shallower areas.  This is likely to be largely due to seagrass at this depth being closer to their depth 
limit due to light availability and therefore small increases in TSS result in light attenuation in 
excess of threshold values.  
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 Figure 6-4 Conceptual Illustration of BPPH Zones of Potential Impact, Effect and Influence 
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Table 6-2  Summary of BPPH Area of Effect and Influence Calculations  

Management Unit Habitat 
Total habitat area 

within management 
unit (ha) 

Zone of 
Potential 

Impact/Loss 
 ha (%) 

Zone of Potential Effect    
ha 

 

Zone of Potential Influence  
ha 

   All scenarios January September November January September November 

Coastal  
 
 
 
 
 
 

Coral 0 0 0 0 0 0 0 0 
Macroalgae 573 0 0 0 0 0 0 0 
Seagrass 69 0 0 0 0 0 1.25 0 
Wrack 0 0 0 0 0 0 0 0 
Sand 5475 0 0 0 0 0 36 0 
Other 275 0 0 0 0 0 0 0 
Total BPPH 642 0 0 0 0 0 1.25 0 

Deep Water Channel  
 
 
 
 
 

Coral 0 0 0 0 0 0 0 0 
Macroalgae 1154 11 (0.97%) 17 12 10 1 14 2 
Seagrass 378 11 (2.8%) 20 24 10 0 8 0 
Wrack 0 0 0 0 0 0 0 0 
Sand 4586 130 87 48 61 1 80 0 
Other  4396 0 0 0 0 0 0 0 
Total BPPH  1532 22 (1.5%) 37 36 21 1.2 21 1.5 

Gauge Roads 
 
 
 
 
 
 

Coral 3 0 0 0 0 0 0 0 
Macroalgae 33 0 2 14 0 3 11 2 
Seagrass 1014 25 29 38 29 18 37 13 
Wrack 144 0 0 0 0 0 0 0 
Sand 5481 228  138 159 122 83 186 82 
Other  0 0 0 0 0 0 0 0 
Total BPPH 1050 25 (2.5%) 31 52 29 21 48 15 

Note: BPPH Area includes coral, macroalgae and seagrass only. Other includes area undefined or too deep to classify in the habitat mapping. 
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 Figure 6-5  Potential Benthic Primary Producer Habitat Loss – Dredging Commencing in 

January 
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 Figure 6-6  Potential Benthic Primary Producer Habitat Loss – Dredging Commencing in 

September 
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 Figure 6-7  Potential Benthic Primary Producer Habitat Loss – Dredging Commencing in 

November 
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8. Glossary  
 

 

 

 

 

 

 

 

 

 

 

 

AIMS Australian Institute of Marine Science 
BPP Benthic Primary Producer 
BPPH Benthic Primary Producer Habitat 
BBG Bowman Bishaw Gorham 
CALM Department of Conservation and Land Management (now known as 

Department of Environment and Conservation 
CCL Cockburn Cement Ltd 
cm Centimeter 
CSMC Cockburn Sound Management Council 
DAL D.A Lord & Associates 
DEC Department of Environment and Conservation 
DoF Department of Fisheries 
ha Hectares  
km Kilometer(s) 
m Meter 
pers. comm. Personal Communication 
SKM VTAS Sinclair Knight Merz Video Transect Analysis System 
UEC Underwater Explorers Club 
WA Western Australia 
WAM Western Australian Museum  
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Appendix A Drop Video Survey Site Location 
Descriptions 
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 Table A 1 - Drop Video Camera Survey Site Location Descriptions  

Red Colour 
Coded Sample 
Site ID Longitude Latitude Description Substrate 

1 115°37.85992 -32°03.98928 
Ecklonia radiata and other 
brown and red algae Pavement 

2 115°37.88355 -32°03.79212 Red, brown and green algae Pavement 

3 115°38.42047 -32°04.16103 Posidonia  Sand 

4 115°37.45342 -32°03.20923 
Ecklonia radiata and other 
brown and red algae Limestone reef 

5 115°37.25527 -32°03.17182 
Ecklonia radiata and other 
brown and red algae Limestone reef 

6 115°37.33723 -32°02.9506 
Ecklonia radiata and other 
brown and red algae Limestone reef 

7 115°38.92737 -32°03.19688 
Thallasodendron and brown, 
red and green algae Pavement 

8 115°38.44772 -32°02.03885 Posidonia  and Amphibolis  Sand 

9 115°39.30793 -32°02.36887 Posidonia - sparse Sand 

10 115°39.65698 -32°02.55942 Posidonia - sparse Sand 

11 115°39.79503 -32°02.74422 Posidonia - sparse Sand 

12 115°39.50627 -32°02.95977 Posidonia - sparse Sand 

13 115°39.65025 -32°03.3068 Posidonia  Sand 

14 115°39.65963 -32°03.51492 Posidonia  Sand 

15 115°40.79775 -32°03.97463 Amphibolis  Sand 

16 115°40.44948 -32°03.72067 Amphibolis  Sand 

17 115°40.34387 -32°03.00737 Bare sand Sand 

18 115°40.97733 -32°03.5781 Wrack on sand Sand 

19 115°41.14918 -32°04.01002 Amphibolis and Posidonia  Sand 

20 115°41.34917 -32°04.21305 Wrack on sand Sand 

21 115°41.64267 -32°04.24782 Posidonia  Sand 

22 115°41.95412 -32°04.18403 Wrack on sand Sand 

23 115°42.59585 -32°02.62515 Bare sand Sand 

24 115°43.3159 -32°02.6395 Posidonia  Sand 

25 115°43.61703 -32°03.61212 Red, brown and green algae 
Pavement and 
reef 

26 115°43.95892 -32°03.43925 Posidonia - very dense Sand 

27 115°44.17762 -32°04.0937 Posidonia - very dense Sand 

28 115°44.16378 -32°02.69208 Bare sand Sand 

29 115°44.12477 -32°02.51892 
Posidonia with large sand 
patches Sand 

30 115°44.47898 -32°01.73973 Posidonia - very dense Sand 

31 115°43.75928 -32°01.70787 Posidonia - sparse Sand 

32 115°42.73133 -32°01.81737 
Coral and 
macroinvertebrates Reef 

33 115°42.52735 -32°01.60728 Wrack on sand Sand 

34 115°44.87948 -32°00.28895 Red, brown and green algae Pavement 
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Red Colour 
Coded Sample 
Site ID Longitude Latitude Description Substrate 

35 115°44.32635 -32°00.49502 Posidonia  Sand 

36 115°43.34865 -32°01.17628 Heterozostera  Sand 

37 115°42.27217 -32°00.77048 
Posidonia - sparse and 
wrack Sand 

38 115°42.15145 -32°01.99622 Bare sand Sand 

39 115°41.95968 -32°01.5077 Posidonia - sparse Sand 

40 115°41.15405 -32°01.70035 Posidonia - sparse Sand 

41 115°41.40938 -32°00.91675 Posidonia - sparse Sand 

42 115°37.45342 -32°03.20923 
Ecklonia radiata and other 
brown and red algae Limestone reef 

43 115°38.40768 -32°00.46207 Posidonia Sand 

44 115°37.96497 -32°00.1823 Posidonia Sand 

45 115°38.75288 -32°00.0603 Posidonia Sand 

46 115°38.41493 -31°59.13048 
Red, brown and green algae 
and Posidonia Pavement 

47 115°37.51408 -31°58.51082 Posidonia - dense Sand 

48 115°37.92032 -31°58.45175 Posidonia - patchy Sand 

49 115°37.66743 -31°57.93425 Bare sand Sand 

50 115°38.46928 -31°58.24962 Bare sand Sand 

51 115°39.71058 -31°57.93138 Bare sand Sand 

52 115°39.498 -31°58.89873 

Thallasodendron and 
browns, reds and greens 
algae Pavement 

53 115°40.27465 -31°57.39082 Posidonia - sparse Sand 

54 115°40.5434 -31°57.97185 
Amphibolis - sparse with 
large sand patches Sand 

55 115°41.10837 -31°58.9579 Posidonia - dense Sand 

56 115°41.11363 -31°58.29863 Bare sand Sand 

57 115°42.36055 -31°59.19288 Amphibolis  Sand 

58 115°43.83433 -31°57.31265 Red, brown and green algae Pavement 

59 115°43.97885 -31°57.0285 Red, brown and green algae Pavement 

60 115°41.57557 -31°57.07818 Amphibolis  Sand 

61 115°38.53388 -32°01.01603 Amphibolis  Sand 

62 115°40.13343 -31°59.50502 Posidonia and Amphibolis Sand 

63 115°44.15853 -31°59.86727 
Posidonia, Amphibolis and 
Heterozostera Sand 

64 115°40.55648 -32°03.43047 Wrack on sand Sand 
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Black Colour Coded 
Sample Site ID Longitude Latitude Description Substrate 

1 115°44.19093 -32°02.5974 Bare sand  
2 115°44.26523 -32°02.55485 Bare sand  
3 115°44.18777 -32°02.68992 Bare sand  
4 115°43.62207 -32°02.60795 Seagrass Halophila and Macroalgae 
5 115°43.8741 -32°02.48707 Seagrass Macroalgae and Halophila 

6 115°44.20092 -32°02.37992 Seagrass Posidonia, Halophila and 
Amphibolus 

7 115°44.07493 -32°02.6233 Bare sand Macroalgae algae 
8 115°44.20627 -32°02.6376 Bare sand  
9 115°40.63368 -32°01.27297 Bare sand  

10 115°40.79427 -32°01.15015 Seagrass Posidonia and wrack 
11 115°40.64875 -32°01.10858 Bare sand  
12 115°40.23625 -32°01.12267 Bare sand Some Posidonia 
13 115°40.17458 -32°00.9499 Seagrass Posidonia 
14 115°40.27917 -32°00.8341 Seagrass Posidonia and wrack 
15 115°40.43795 -32°00.83575 Bare sand Wwrack 
16 115°40.005 -32°00.77222 Seagrass Posidonia 
17 115°40.26822 -32°00.71328 Seagrass Posidonia and wrack 
18 115°40.47532 -32°00.62343 Seagrass Posidonia 
19 115°40.26317 -32°00.44585 Wrack Wrack 
20 115°40.6635 -32°00.39158 Seagrass Posidonia 
21 115°40.75068 -32°00.60087 Seagrass Posidonia and sand patches 
22 115°41.16085 -32°00.74802 Seagrass Posidonia and sand patches 
23 115°40.94025 -32°00.84803 Seagrass Posidonia and sand patches 
24 115°41.131 -32°01.01455 Seagrass Posidonia and sand patches 
25 115°40.40427 -32°00.48413 Seagrass Posidonia and sand patches 
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Protected Matters Search Tool 

You are here: DEH Home > EPBC Act > Search 

EPBC Act Protected Matters 
Report 

12 October 2005 15:50

This report provides general guidance on matters of national environmental significance and other 
matters protected by the EPBC Act in the area you have selected. Information on the coverage of 
this report and qualifications on data supporting this report are contained in the caveat at the end of 
the report.  

You may wish to print this report for reference before moving to other pages or websites. 

The Australian Natural Resources Atlas at http://www.environment.gov.au/atlas may provide further 
environmental information relevant to your selected area. Information about the EPBC Act including 
significance guidelines, forms and application process details can be found at 
http://www.deh.gov.au/epbc/assessmentsapprovals/index.html 

Search Type: Line

Buffer: 1 km

Coordinates: -32.04213,115.75096, -32.05404,115.73830, -32.05553,115.73458, -
32.05553,115.69289, -32.00639,115.69289, -32.00118,115.69810, -
31.98778,115.69810, -31.9825,115.69140
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Summary 

Matters of National Environmental Significance 
This part of the report summarises the matters of national environmental significance that may 
occur in, or may relate to, the area you nominated. Further information is available in the detail part 
of the report, which can be accessed by scrolling or following the links below. If you are proposing 
to undertake an activity that may have a significant impact on one or more matters of national 
environmental significance then you should consider the Administrative Guidelines on Significance 
- see http://www.deh.gov.au/epbc/assessmentsapprovals/guidelines/index.html. 

World Heritage Properties: None

National Heritage Places: 1

Wetlands of International Significance:  
(Ramsar Sites)

3

Commonwealth Marine Areas: Relevant

Threatened Ecological Communities: None

Threatened Species: 26

Migratory Species: 19

Other Matters Protected by the EPBC Act 
This part of the report summarises other matters protected under the Act that may relate to the 
area you nominated. Approval may be required for a proposed activity that significantly affects the 
environment on Commonwealth land, when the action is outside the Commonwealth land, or the 
environment anywhere when the action is taken on Commonwealth land. Approval may also be 
required for the Commonwealth or Commonwealth agencies proposing to take an action that is 
likely to have a significant impact on the environment anywhere.  
 
The EPBC Act protects the environment on Commonwealth land, the environment from the actions 
taken on Commonwealth land, and the environment from actions taken by Commonwealth 
agencies. As heritage values of a place are part of the 'environment', these aspects of the EPBC 
Act protect the Commonwealth Heritage values of a Commonwealth Heritage place and the 
heritage values of a place on the Register of the National Estate. Information on the new heritage 
laws can be found at http://www.deh.gov.au/heritage/index.html.  
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Details 

Matters of National Environmental Significance 

 
Please note that the current dataset on Commonwealth land is not complete. Further information 
on Commonwealth land would need to be obtained from relevant sources including 
Commonwealth agencies, local agencies, and land tenure maps.  
 
A permit may be required for activities in or on a Commonwealth area that may affect a member of 
a listed threatened species or ecological community, a member of a listed migratory species, 
whales and other cetaceans, or a member of a listed marine species. Information on EPBC Act 
permit requirements and application forms can be found at 
http://www.deh.gov.au/epbc/permits/index.html. 

Commonwealth Lands: 2

Commonwealth Heritage Places: 1

Places on the RNE: 133

Listed Marine Species: 51

Whales and Other Cetaceans: 13

Critical Habitats: None

Commonwealth Reserves: None

Extra Information 

This part of the report provides information that may also be relevant to the area you have 
nominated. 

State and Territory Reserves: None

Other Commonwealth Reserves: None

Regional Forest Agreements: None

National Heritage Places [ Dataset Information ]
Fremantle Prison (former) WA

Wetlands of International Significance [ Dataset Information ] 
(Ramsar Sites)

BECHER POINT WETLANDS  Within same catchment as Ramsar 
site

FORRESTDALE & THOMSONS LAKES  Within same catchment as Ramsar 
site

PEEL-YALGORUP SYSTEM  Within same catchment as Ramsar 
site

Commonwealth Marine Areas [ Dataset Information ]

Approval may be required for a proposed activity that is likely to have a significant impact on the 
environment in a Commonwealth Marine Area, when the action is outside the Commonwealth 
Marine Area, or the environment anywhere when the action is taken within the Commonwealth 
Marine Area. Generally the Commonwealth Marine Area stretches from three nautical miles to two 
hundred nautical miles from the coast. 
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Within 3 Nautical Mile Limit   

Threatened Species [ Dataset Information ] Status Type of Presence

Birds
Anous tenuirostris melanops*  
Australian Lesser Noddy 

Vulnerable Species or species habitat may 
occur within area

Calyptorhynchus baudinii *  
Baudin's Black-Cockatoo, Long-billed Black-
Cockatoo 

Vulnerable Species or species habitat likely to 
occur within area

Calyptorhynchus latirostris *  
Carnaby's Black-Cockatoo, Short-billed Black-
Cockatoo 

Endangered Species or species habitat likely to 
occur within area

Diomedea amsterdamensis *  
Amsterdam Albatross 

Endangered Species or species habitat may 
occur within area

Diomedea dabbenena *  
Tristan Albatross 

Endangered Foraging may occur within area

Diomedea exulans *  
Wandering Albatross 

Vulnerable Species or species habitat may 
occur within area

Diomedea gibsoni *  
Gibson's Albatross 

Vulnerable Species or species habitat may 
occur within area

Halobaena caerulea *  
Blue Petrel 

Vulnerable Species or species habitat may 
occur within area

Macronectes giganteus *  
Southern Giant-Petrel 

Endangered Species or species habitat may 
occur within area

Macronectes halli *  
Northern Giant-Petrel 

Vulnerable Species or species habitat may 
occur within area

Pterodroma mollis *  
Soft-plumaged Petrel 

Vulnerable Species or species habitat may 
occur within area

Thalassarche carteri *  
Indian Yellow-nosed Albatross 

Vulnerable Foraging may occur within area

Thalassarche cauta *  
Shy Albatross 

Vulnerable Species or species habitat may 
occur within area

Thalassarche melanophris *  
Black-browed Albatross 

Vulnerable Species or species habitat may 
occur within area

Mammals
Balaenoptera musculus *  
Blue Whale 

Endangered Species or species habitat may 
occur within area

Dasyurus geoffroii *  
Chuditch, Western Quoll 

Vulnerable Species or species habitat likely to 
occur within area

Eubalaena australis *  
Southern Right Whale 

Endangered Species or species habitat known to 
occur within area

Megaptera novaeangliae *  
Humpback Whale 

Vulnerable Species or species habitat may 
occur within area

Neophoca cinerea *  
Australian Sea-lion 

Vulnerable Species or species habitat may 
occur within area

Phascogale calura *  
Red-tailed Phascogale 

Endangered Species or species habitat may 
occur within area

Setonix brachyurus *  Vulnerable Species or species habitat may 
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Quokka occur within area

Reptiles
Dermochelys coriacea *  
Leathery Turtle, Leatherback Turtle, Luth 

Vulnerable Species or species habitat may 
occur within area

Sharks
Carcharias taurus (west coast population)*  
Grey Nurse Shark (west coast population) 

Vulnerable Species or species habitat may 
occur within area

Carcharodon carcharias *  
Great White Shark 

Vulnerable Species or species habitat may 
occur within area

Rhincodon typus *  
Whale Shark 

Vulnerable Species or species habitat may 
occur within area

Plants
Caladenia sp. Jarrah forest (S.D. Hopper 
3990) * 

Vulnerable Species or species habitat likely to 
occur within area

Migratory Species [ Dataset Information ] Status Type of Presence

Migratory Terrestrial Species
Birds
Haliaeetus leucogaster  
White-bellied Sea-Eagle 

Migratory Species or species habitat likely to 
occur within area

Migratory Marine Birds
Diomedea amsterdamensis  
Amsterdam Albatross 

Migratory Species or species habitat may 
occur within area

Diomedea dabbenena  
Tristan Albatross 

Migratory Foraging may occur within area

Diomedea exulans  
Wandering Albatross 

Migratory Species or species habitat may 
occur within area

Diomedea gibsoni  
Gibson's Albatross 

Migratory Species or species habitat may 
occur within area

Macronectes giganteus  
Southern Giant-Petrel 

Migratory Species or species habitat may 
occur within area

Macronectes halli  
Northern Giant-Petrel 

Migratory Species or species habitat may 
occur within area

Thalassarche cauta  
Shy Albatross 

Migratory Species or species habitat may 
occur within area

Thalassarche melanophris  
Black-browed Albatross 

Migratory Species or species habitat may 
occur within area

Migratory Marine Species
Mammals
Balaenoptera edeni  
Bryde's Whale 

Migratory Species or species habitat may 
occur within area

Balaenoptera musculus *  
Blue Whale 

Migratory Species or species habitat may 
occur within area

Caperea marginata  
Pygmy Right Whale 

Migratory Species or species habitat may 
occur within area

Eubalaena australis *  
Southern Right Whale 

Migratory Species or species habitat known to 
occur within area
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Other Matters Protected by the EPBC Act 

Lagenorhynchus obscurus  
Dusky Dolphin 

Migratory Species or species habitat may 
occur within area

Megaptera novaeangliae *  
Humpback Whale 

Migratory Species or species habitat may 
occur within area

Orcinus orca  
Killer Whale, Orca 

Migratory Species or species habitat may 
occur within area

Reptiles
Dermochelys coriacea *  
Leathery Turtle, Leatherback Turtle, Luth 

Migratory Species or species habitat may 
occur within area

Sharks
Carcharodon carcharias  
Great White Shark 

Migratory Species or species habitat may 
occur within area

Rhincodon typus  
Whale Shark 

Migratory Species or species habitat may 
occur within area

Listed Marine Species [ Dataset Information ] Status Type of Presence

Birds
Anous tenuirostris melanops  
Australian Lesser Noddy 

Listed Species or species habitat may occur 
within area

Apus pacificus  
Fork-tailed Swift 

Listed - 
overfly 
marine 
area

Species or species habitat may occur 
within area

Ardea alba  
Great Egret, White Egret 

Listed - 
overfly 
marine 
area

Species or species habitat may occur 
within area

Ardea ibis  
Cattle Egret 

Listed - 
overfly 
marine 
area

Species or species habitat may occur 
within area

Catharacta skua  
Great Skua 

Listed Species or species habitat may occur 
within area

Diomedea amsterdamensis  
Amsterdam Albatross 

Listed Species or species habitat may occur 
within area

Diomedea dabbenena  
Tristan Albatross 

Listed Foraging may occur within area

Diomedea exulans  
Wandering Albatross 

Listed Species or species habitat may occur 
within area

Diomedea gibsoni  
Gibson's Albatross 

Listed Species or species habitat may occur 
within area

Haliaeetus leucogaster  
White-bellied Sea-Eagle 

Listed Species or species habitat likely to 
occur within area

Halobaena caerulea  
Blue Petrel 

Listed Species or species habitat may occur 
within area

Macronectes giganteus  
Southern Giant-Petrel 

Listed Species or species habitat may occur 
within area

Macronectes halli  Listed Species or species habitat may occur 
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Northern Giant-Petrel within area

Merops ornatus  
Rainbow Bee-eater 

Listed - 
overfly 
marine 
area

Species or species habitat may occur 
within area

Pterodroma mollis  
Soft-plumaged Petrel 

Listed Species or species habitat may occur 
within area

Thalassarche carteri  
Indian Yellow-nosed Albatross 

Listed Foraging may occur within area

Thalassarche cauta  
Shy Albatross 

Listed Species or species habitat may occur 
within area

Thalassarche chlororhynchos  
Yellow-nosed Albatross, Atlantic Yellow-nosed 
Albatross 

Listed Species or species habitat may occur 
within area

Thalassarche melanophris  
Black-browed Albatross 

Listed Species or species habitat may occur 
within area

Fishes
Acentronura australe  
Southern Pygmy Pipehorse 

Listed Species or species habitat may occur 
within area

Campichthys galei  
Gale's Pipefish 

Listed Species or species habitat may occur 
within area

Choeroichthys suillus  
Pig-snouted Pipefish 

Listed Species or species habitat may occur 
within area

Halicampus brocki  
Brock's Pipefish 

Listed Species or species habitat may occur 
within area

Heraldia nocturna  
Upside-down Pipefish 

Listed Species or species habitat may occur 
within area

Hippocampus angustus  
Western Spiny Seahorse, Narrow-bellied 
Seahorse 

Listed Species or species habitat may occur 
within area

Hippocampus breviceps  
Short-head Seahorse, Short-snouted Seahorse 

Listed Species or species habitat may occur 
within area

Hippocampus subelongatus  
West Australian Seahorse 

Listed Species or species habitat may occur 
within area

Histiogamphelus cristatus  
Rhino Pipefish, Macleay's Crested Pipefish 

Listed Species or species habitat may occur 
within area

Lissocampus caudalis  
Australian Smooth Pipefish, Smooth Pipefish 

Listed Species or species habitat may occur 
within area

Lissocampus fatiloquus  
Prophet's Pipefish 

Listed Species or species habitat may occur 
within area

Lissocampus runa  
Javelin Pipefish 

Listed Species or species habitat may occur 
within area

Maroubra perserrata  
Sawtooth Pipefish 

Listed Species or species habitat may occur 
within area

Mitotichthys meraculus  
Western Crested Pipefish 

Listed Species or species habitat may occur 
within area

Nannocampus subosseus  
Bony-headed Pipefish 

Listed Species or species habitat may occur 
within area
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Phycodurus eques  
Leafy Seadragon 

Listed Species or species habitat may occur 
within area

Phyllopteryx taeniolatus  
Weedy Seadragon, Common Seadragon 

Listed Species or species habitat may occur 
within area

Pugnaso curtirostris  
Pug-nosed Pipefish 

Listed Species or species habitat may occur 
within area

Solegnathus lettiensis  
Indonesian Pipefish, Gunther's Pipehorse 

Listed Species or species habitat may occur 
within area

Stigmatopora argus  
Spotted Pipefish 

Listed Species or species habitat may occur 
within area

Stigmatopora nigra  
Wide-bodied Pipefish, Black Pipefish 

Listed Species or species habitat may occur 
within area

Syngnathoides biaculeatus  
Double-ended Pipehorse, Alligator Pipefish 

Listed Species or species habitat may occur 
within area

Urocampus carinirostris  
Hairy Pipefish 

Listed Species or species habitat may occur 
within area

Vanacampus margaritifer  
Mother-of-pearl Pipefish 

Listed Species or species habitat may occur 
within area

Vanacampus phillipi  
Port Phillip Pipefish 

Listed Species or species habitat may occur 
within area

Vanacampus poecilolaemus  
Australian Long-snout Pipefish, Long-snouted 
Pipefish 

Listed Species or species habitat may occur 
within area

Mammals
Arctocephalus forsteri  
New Zealand Fur-seal 

Listed Species or species habitat may occur 
within area

Neophoca cinerea  
Australian Sea-lion 

Listed Species or species habitat may occur 
within area

Reptiles
Aipysurus pooleorum  
Shark Bay Seasnake 

Listed Species or species habitat may occur 
within area

Dermochelys coriacea *  
Leathery Turtle, Leatherback Turtle, Luth 

Listed Species or species habitat may occur 
within area

Disteira kingii  
Spectacled Seasnake 

Listed Species or species habitat may occur 
within area

Pelamis platurus  
Yellow-bellied Seasnake 

Listed Species or species habitat may occur 
within area

Whales and Other Cetaceans [ Dataset 
Information ] Status Type of Presence

Balaenoptera acutorostrata  
Minke Whale 

Cetacean Species or species habitat may occur 
within area

Balaenoptera edeni  
Bryde's Whale 

Cetacean Species or species habitat may occur 
within area

Balaenoptera musculus *  
Blue Whale 

Cetacean Species or species habitat may occur 
within area

Caperea marginata  
Pygmy Right Whale 

Cetacean Species or species habitat may occur 
within area
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Delphinus delphis  
Common Dolphin 

Cetacean Species or species habitat may occur 
within area

Eubalaena australis *  
Southern Right Whale 

Cetacean Species or species habitat known to 
occur within area

Grampus griseus  
Risso's Dolphin, Grampus 

Cetacean Species or species habitat may occur 
within area

Lagenorhynchus obscurus  
Dusky Dolphin 

Cetacean Species or species habitat may occur 
within area

Megaptera novaeangliae *  
Humpback Whale 

Cetacean Species or species habitat may occur 
within area

Orcinus orca  
Killer Whale, Orca 

Cetacean Species or species habitat may occur 
within area

Stenella attenuata  
Spotted Dolphin, Pantropical Spotted Dolphin 

Cetacean Species or species habitat may occur 
within area

Tursiops aduncus  
Spotted Bottlenose Dolphin 

Cetacean Species or species habitat likely to 
occur within area

Tursiops truncatus s. str.  
Bottlenose Dolphin 

Cetacean Species or species habitat may occur 
within area

Commonwealth Lands [ Dataset Information ]
Defence   

Unknown   

Commonwealth Heritage Places [ Dataset Information ]

Artillery Barracks WA

Places on the RNE [ Dataset Information ] 
Note that not all Indigenous sites may be listed.

Historic
ANZ Bank (former) WA

Adelaide Steamship House (former) WA

Adelec Buildings WA

Ajax Buildings WA

Artillery Barracks WA
Athena Lodge (former) WA

Atwell Buildings WA

Bank of Adelaide (former) WA

Bank of Australasia (former) WA

Bank of NSW (former) WA

Bank of New South Wales (former) WA
Bateman Buildings WA

Building WA

Building WA

Building WA

Building WA

Building WA
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Building WA

Building WA

Building WA

Building WA
Building WA

Building WA

Building WA

Building WA

Buildings WA

C Y O'Connor Memorial WA
Central Chambers WA

Central Wool Company Building WA

Chamber of Commerce Building WA

Cleopatra Hotel (former) WA

Commercial Bank (former) WA

Commercial Bank of Australia (former) WA
Commercial Building WA

Commercial Hotel WA

Commercial Premises WA

Commercial Premises and Row of Houses WA

Commonwealth Bank (former) WA

Community Education Centre WA
Customs House (former) WA

Dalgetys Bond Store (former) WA

Dalkeith House WA

Dalkeith Opera House (former) WA

Dux Factory (former) WA

Edmund Hall WA
Elder Building WA

Esplanade Hotel WA

Evan Davies Building WA

Federal Hotel WA

Fowlers Warehouse (former) WA

Frank Cadd Building WA
Freemasons Hotel WA

Fremantle Cellars Restaurant (former) WA

Fremantle Courthouse and Police Station Complex WA

Fremantle Fire Station (former) WA

Fremantle Hotel WA

Fremantle Markets WA
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Fremantle Municipal Tramways Car Barn (former) WA

Fremantle Post Office WA

Fremantle Railway Station WA

Fremantle Technical College Annexe and Technical School WA
Fremantle Town Hall WA

Fremantle West End Conservation Area WA

Government Stores Complex (former) WA

Harbour and Light Department Boat Shed (former) WA

Highams Buildings WA

His Majestys Hotel WA
House WA

House WA

House WA

House and Fence WA

House at Rear of Hotel Fremantle WA

Howard Smith Building WA
Imperial Chambers WA

Interfoods Commercial Building WA

Lance Holt School WA

Lillys Building WA

Lionel Samson Buildings WA

Manning Building WA
Marich Buildings WA

McDonald Smith Building WA

Mercantile Stevedores Building WA

Mills and Wares Warehouse (former) WA

Moores Building WA

Museum and Arts Centre WA
National Hotel WA

North Fremantle Post Office WA

North Fremantle Town Hall (former) WA

North Fremantle War Memorial WA

Oceanic Hotel (former) WA

Office Building WA
Office and Warehouse WA

Offices WA

Old Court House WA

Orient Hotel WA

Owstons Building WA

P&O Building WA
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Caveat 
The information presented in this report has been provided by a range of data sources as 

P&O Hotel WA

Pair of Houses WA

Perth Institute of Film and Television WA

Phillimore Chambers WA
Police Barracks (former) WA

Port Flour Mill (former) WA

Proclamation Tree and Marmion Memorial WA

Quartermaines Building WA

RSL Club WA

Rendered Stone Building WA
Row of Houses WA

St Johns Anglican Church WA

St Johns Square WA

Stone Building WA

Stone Office / Warehouse WA

Stone Warehouse / Office WA
Strelitz Building WA

Tannatt Chambers WA

Tarantella Nite Club (former) WA

Taylor Memorial Drinking Fountain and Horse Trough WA

Terrace Houses WA

Terrace Houses WA
Terrace Houses WA

The Round House WA

Town House WA

Trades Hall (former) WA

Union Bank (former) WA

Union Stores (former) WA
Victoria Hall WA

Warders Terraces WA

Warehouse / offices WA

Warehouse Complex WA

Warehouse WA

Warehouse WA
Warehouses Office Buildings WA

Wesley Uniting Church WA
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acknowledged at the end of the report.  

This report is designed to assist in identifying the locations of places which may be relevant in 
determining obligations under the Environment Protection and Biodiversity Conservation Act 1999. 
It holds mapped locations of World Heritage and Register of National Estate properties, Wetlands of 
International Importance, Commonwealth and State/Territory reserves, listed threatened, migratory 
and marine species and listed threatened ecological communities. Mapping of Commonwealth land 
is not complete at this stage. Maps have been collated from a range of sources at various 
resolutions.  

Not all species listed under the EPBC Act have been mapped (see below) and therefore a report is 
a general guide only. Where available data supports mapping, the type of presence that can be 
determined from the data is indicated in general terms. People using this information in making a 
referral may need to consider the qualifications below and may need to seek and consider other 
information sources.  

For threatened ecological communities where the distribution is well known, maps are derived from 
recovery plans, State vegetation maps, remote sensing imagery and other sources. Where 
threatened ecological community distributions are less well known, existing vegetation maps and 
point location data are used to produce indicative distribution maps.  

For species where the distributions are well known, maps are digitised from sources such as 
recovery plans and detailed habitat studies. Where appropriate, core breeding, foraging and 
roosting areas are indicated under "type of presence". For species whose distributions are less well 
known, point locations are collated from government wildlife authorities, museums, and non-
government organisations; bioclimatic distribution models are generated and these validated by 
experts. In some cases, the distribution maps are based solely on expert knowledge.  

Only selected species covered by the migratory and marine provisions of the Act have been 
mapped.  

The following species and ecological communities have not been mapped and do not appear in 
reports produced from this database: 

threatened species listed as extinct or considered as vagrants  
some species and ecological communities that have only recently been listed  
some terrestrial species that overfly the Commonwealth marine area  
migratory species that are very widespread, vagrant, or only occur in small numbers.  

The following groups have been mapped, but may not cover the complete distribution of the 
species: 

non-threatened seabirds which have only been mapped for recorded breeding sites;  
seals which have only been mapped for breeding sites near the Australian continent.  

Such breeding sites may be important for the protection of the Commonwealth Marine environment.
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About GEMS 
Global Environmental Modelling Systems (GEMS), a wholly owned Australian company, has 
expertise in the development and application of high-resolution computer models to realistically 
predict atmospheric and oceanographic conditions for use in riverine, coastal and oceanic 
settings.  

The GEMS team is made up of qualified and experienced physical oceanographers, 
meteorologists, numerical modellers and environmental scientists.  GEMS are a leading 
developer of numerical models in Australia.  It has developed a system of validated 
environmental models and rigorous analytical procedures that provide solutions to a variety of 
environmental, engineering and operational problems. 

Disclaimer 
This report and the work undertaken for its preparation, is presented for the use of the client.  
GEMS warrants that the study was carried out in accordance with accepted practice and 
available data, but that no other warranty is made as to the accuracy of the data or results 
contained in the report.   

This GEMS report may not contain sufficient or appropriate information to meet the purpose of 
other potential users.  GEMS, therefore, does not accept any responsibility for the use of the 
information in the report by other parties. 
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1 Introduction 
Fremantle Ports is seeking approval under Part IV of the Environmental Protection Act 1986 to 
deepen the Deep Water Channel, Entrance Channel and Inner Harbour to allow 14 m draft 
ships to utilise the Fremantle Port Inner Harbour, and reclaim an area of seabed at Rous Head.   

To achieve this, the following work is proposed: 

 Dredge the Inner Harbour to a depth of RL -15.0 m (LWMF). 

 Dredge the Entrance Channel to depths between RL -16.1 m (LWMF) and RL -16.8 m 
(LWMF) to provide adequate depth for the yaw of turning ships.   

 Dredge the Deep Water Channel to a depth of RL -16.5 m (LWMF) on straight sections and 
RL -18.0 m (LWMF) on bends. 

 

All dredged material from the Inner Harbour and most of that from the Entrance Channel will be 
pumped to Rous Head for use in reclamation works.  Due to less sheltered operating conditions 
further offshore, some of the Entrance Channel and all of the Deep Water Channel dredge 
material may need to be disposed of offshore.   

Global Environmental Modelling Systems (GEMS) was contracted to carry out simulations of the 
dredging impacts for the deepening of Fremantle Ports’ Inner Harbour and associated channels, 
offshore disposal and land reclamation at Rous Head.  This report provides the results of the 
dredging simulations. 

1.1 Dredge Plume Modelling 
Dredge plume modelling estimates seawater hydrodynamics, and the physics of dredged 
sediments released into the water column.  The characteristics of the released sediment, the 
timing and location of the releases are determined by the project plan. Site characteristics and 
the equipment used for dredging and spoil disposal.  A detailed summary of the dredge plume 
modelling process is shown in Figure 1-1. 

As indicated by Figure 1-1, the dredge plume modelling requires a range of key inputs, 
including engineering, geotechnical, meteorological and oceanographic components.  
Summaries of the inputs used within the modelling process are included within Sections 1, 3 
and 4 of this report.  These inputs are then used to drive the following numerical computer 
models: 

 The GEMS 3D Coastal Ocean Model (GCOM3D) to simulate the complex three-
dimensional ocean currents in the region, its application is described in Section 5; 

 The SWAN wave model to simulate the waves in the region between the coast and Rottnest 
Island during the dredging operations for calculations of sediment re-suspension and 
dredging operability.  Application of SWAN is described in Section 6; 
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 The GEMS 3D Dredge Simulation Model (DREDGE3D) to determine the fate of particles 
released into the water column during the dredging operations.  Application of DREDGE3D 
is described in Section 7. 

 

The above models have had wide application along the western Australian coast in recent years 

and achieved a high degree of acceptance with the regulatory authorities. 

 

 

Figure 1-1: Fremantle Inner Harbor dredging study region showing the tide and current data 
collection locations. 
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Figure 1-2 : Dredge Plume Modelling Key Inputs and Models 
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2 Methodology 
The methodology for the simulation of the dredging, disposal and reclamation activities 

associated with deepening the Project is described in the following sections. 

 

2.1 Model Setup 
 Incorporate detailed bathymetry data for the Perth coastal waters obtained from the 

Department of Planning and Infrastructure. 

 Establish bathymetric grids covering the lower reaches of the Swan River and the Perth 
coastal waters from Mandurah to Hilary’s Boat Harbour for the hydrodynamic, wave and 
dredge simulation modelling. 

 Extract hourly meteorological data from the high resolution (10 km) Bureau of Meteorology 
forecast model (Mesoscale Limited Area Prediction System – MesoLAPS) for the region. 

 Analyse the MesoLAPS data for the region to choose representative dredging periods 
starting in September, November and January. 

 Setup tidal forcing for the region from the GEMS Australian region tidal database (originally 
developed for AMSA Search and Rescue in Canberra). 

 

2.2 Simulations for representative Dredging Periods 
Subject to availability of dredgers and environmental approval, dredging will commence in 2009, 
and continue for approximately 20 weeks. Dredging works will be continuous and operations will 
occur 24 hours/day, seven days per week for the duration of the works.  Synergies will be 
considered to link the dredging program to other works planned at other ports throughout 
Western Australia.  Metocean conditions during winter months prohibit dredging activities.   

The dredge modelling system was run with the best estimate of dredge simulation parameters 
for scenarios over three seasons (starting September, November and January).  Each 
simulation included the following steps: 

 Run GCOM3D for the representative dredging periods driven by winds and tides. 

 Run the SWAN wave model for the representative dredging periods driven by winds. 

 Run DREDGE3D for the full representative dredging period driven by the simulated dredge 
log, currents from GCOM3D and orbital velocities from SWAN. 

 Analyse output from the simulation to provide data in the form of figures for use in impact 
assessment studies. 

 

3 Meteorological and Oceanographic Inputs 
3.1 Climatology 
Fremantle lies in Australia’s southern temperate zone, experiencing a Mediterranean climate, 
i.e. cool wet winters and warm dry summers.  In winter, conditions are dominated by low 
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pressure systems which result in winter storms and northerly winds.  Summer mornings have 
easterly winds, shifting to stronger south-westerlies later in the day.  The easterlies continue 
during autumn but the south-westerlies are reduced in strength and frequency.  During winter 
the winds come from a northwest and westerly direction, while in spring the winds are 
predominately from the southwest.   

Although there may be considerable variation in the day-to-day synoptics that control winds in 
the region, two primary patterns for the warm and cooler months can be identified. In the 
warmer months of the year a quasi-permanent heat trough develops along the west coast and 
this may connect to a broad low over the Pilbara region of WA.  The location of the west-coast 
trough, which in turn depends on the strength of easterly winds on its eastern flank, controls the 
coastal wind climate.  At Rottnest Island, the predominant wind resulting from this pattern is 
southwest to southerly through the warmer months (October- April). 

Figure 3.1 shows a typical synoptic sequence in January with a heat trough becoming more 
sharply defined as result of hot easterly wind being ‘advected’ towards the coast; the trough 
marks a sharp boundary between the hot continental air and the cooler maritime air to its west. 
In the last panel the arrival of a frontal system to the southwest causes the trough to migrate 
eastwards, marking a period of more sustained, stronger south-westerly to south-easterly 
winds. 

In the winter months the heat trough disappears as the continent cools and the wind climate 
becomes more directionally variable (May to September).  Figure 3.2 shows a synoptic 
sequence demonstrating this variability.  A cold front pushing northwards from high latitudes 
initially combines with a high-pressure system to the east to produce strengthening north-
westerly quarter winds over the west coast.  Following the frontal passage, winds shift south-
westerly and then moderate as pressure rises.  Eventually, the ridge that develops from this 
process migrates eastwards and the general cycle will repeat itself.  

Monthly wind roses derived from the Bureau of Meteorology automatic weather station deployed 
on Rottnest Island are shown in Figure 3-3.  Figure 3-4 shows the annual wind roses 
constructed from the Rottnest data for each year from 2000 to 2007.  These plots illustrate the 
seasonal and inter-annual variations in the wind climate of the region. 
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Figure 3-1 : Typical warm month pattern showing persistence of low pressure through Pilbara and 
in this case developing southwards. 

 

 

Figure 3-2 : Typical winter pattern showing northerly winds preceding frontal passage. 
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Figure 3-3 : Monthly polar wind diagrams based on Rottnest Island AWS observations 1994 to 2007 inclusive. 
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Figure 3-4 : Annual polar plots (2000-2007) showing degree of inter-annual variability of Rottnest winds. 
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3.2 Wind Field Data 
The regional wind field used by GEMS for dredge plume modelling is MesoLAPS, a meso-scale 
model at a spatial resolution of about 10km operated since 2000 by the Bureau of Meteorology 
(BoM).  The model is nested inside a larger Australia-wide wind field model (LAPS) and runs twice 
daily producing forecasts out to 48 hours.  Wind fields from the analysis cycle (zero hour) and the 
first eleven hours of forecasts of this model are now routinely downloaded twice daily and archived 
by GEMS.  In effect, this generates 12-hourly interpolated wind fields and a database of hourly 
meteorological modelled wind fields with the longest forecast time step of eleven hours.   

Validation of the accuracy of the wind fields for each new study area needs to be undertaken, by 
comparison against observations.  However, previous studies by GEMS have shown that the 
MesoLAPS wind fields provide a very good representation of coastal wind regimes. 

3.2.1  Validation of MesoLAPS Winds 

Previous studies have demonstrated the efficacy of employing spatially varying model winds 
(MesoLaps) to initialise ocean circulation and wave models in the WA region.  For the current 
study the model winds have been correlated with observed winds at the Rottnest Island automatic 
weather station the years 2000 to 2005 inclusive.  

In order to quantify the accuracy of the model winds, the winds at each time step have been 
resolved into zonal (u) and meridional (v) components.  

An overall impression of the ability of the model to represent the local wind regime can be gained 
by inspection of Figures 3-5 and 3-6.  The plots in these figures show, respectively, comparisons 
of the zonal and meridional winds from the model and the observations at Rottnest Island during 
2004.  The model is doing well at picking up changes resulting from synoptic forcing at both 
locations.  However it is evident, particularly for the meridional winds, that the model may be 
underestimating the amplitude of fluctuations around the general synoptic variability of the flow. 
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Figure 3-5 : Comparison modeled and observed zonal winds at Rottnest Island for 2004. 

 

Figure 3-6 : Comparison modeled and observed meridional winds at Rottnest Island for 2004. 
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The wind comparisons were also assessed by subjecting the data to statistical analyses. Figure 3-7 
shows correlation plots for each wind component over all years from 2001 to 2005 and for all hourly time 
steps for which observations were available.  Correlation statistics from these diagrams together with 
mean and root mean square (RMS) errors for the data are summarized in Table 2, where the mean and 
RMS errors are defined by: 

Mean Error = Σ mod(uml – u aws) / n 

Root Mean Square (RMS) Error  =  √ Σ (uml – u aws)2 / n 

And the ‘coefficient of bias’ is defined by the gradient of the fitted trend line in the correlation. 

The results shown in Figures 3-5 and 3-6 and Table 3-1 confirm that the model is doing well at 
representing synoptic variability but is underestimating wind amplitude, especially the meridional 
component.   

Table 3.1 : Error statistics for Mesolaps winds versus AWS winds at Rottnest Island for all 
observations. 
 

Wind Error Statistics

Station Component R2 R 
Mean Error 

(m/s) 

RMS Error 

(m/s) 

Coefficient of 

Bias 

Rottnest Is 
Zonal 0.77 0.88 1.74 2.36 0.86 

Meridional 0.72 0.85 2.35 3.0 0.66 

 

3.3 Inter-Annual Variability 
Inter-annual variability of the wind climate may be an important consideration for the outcome of dredge 
plume modelling (and for what actually eventuates during the actual dredge program). 

Figure 3-7 shows annual polar wind plots for all winds for each of the years 2000 to 2006 based on 
Rottnest AWS observations.  The analysis shows that the wind distributions are relatively consistent.  
Selection of ‘average’ and outlier years should therefore be based, where possible, on analysis of the 
months during which modelling is planned, rather than over the whole year. 
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Figure 3-7 : Correlation plots of zonal (u-comp) and meridional (v-comp) winds at Rottnest Is – model versus observed for the period 2000 to 2005.
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3.4 Bathymetry 
The bathymetric data sets held by GEMS were updated with bathymetry obtained from the 
DPI.  The GEMS database has been developed from a range of sources including data from 
Geoscience Australia  (formerly AUSLIG). 

Bathymetry was converted to two grids for the hydrodynamic and dredge plume modelling: 

 A large scale grid with resolution of 250 m was used to define the coastal region adjacent 
Fremantle, for approximately 66 km x 146 km (Figure 3.5); 

 A fine scale grid with resolution of 50 m was used to define the near shore area, for 
approximately 28 km x 32 km (Figure 3.6). 

 

3.5 Oceanography 
The hydrodynamics of Perth’s coastal waters are a complex combination of wind-induced 
waves, tides, large-scale currents (i.e. the Leeuwin and Capes Currents), localised currents 
due to density differences in the water column and long period waves (DEP 1996).   

Regional circulation varies with season and distance from shore.  In the absence of any 
wind, the dominant flow is to the south, driven by the Leeuwin Current and flows are 
strongest further off shore.  Wind from the south creates a surface current to the north, and 
the depth of this varies with wind speed (Lord and Hillman 1995). 

The dominant influence on the circulation on the continental shelf in the Perth coastal waters 
is the local wind.  Tides are relatively weak and mixed, varying from diurnal to semi-diurnal 
throughout the year with a spring tidal range of approximately 0.7m.  The flows in the region 
of the Inner Harbour are influenced by the coastal oceanography and also the flows from the 
upper reaches of the Swan River. 

Data on both the currents in the lower reaches of the Swan River and in the open ocean, at 
the proposed spoil ground, were obtained for comparison with the ocean model predictions 
used in this study.   
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4 Engineering and Geotechnical Inputs 
4.1 Particle Size Distributions and Settling Velocities 
Particle size distributions for this study were defined at every time step from CSIRO analyses 
of borehole data provided by the Fremantle Port Authority.  Sample particle size distributions 
provided by CSIRO are defined in Table 4-1. 

Table 4.1 : Sample particle size distributions analysed by CSIRO for use in the dredge 
simulations 

 
Cumulative high diameter 

(µm) 
Cumulative low 

diameter Mass Frequency Mass Finer 
(µm) (µm) (%) (%) 

>2000   1.82 98.18 
2000 1000 2.05 96.13 
1000 500 10.5 85.63 
500 212 16.54 69.09 
212 106 41.83 27.26 
106 95 0.37 26.89 
95 90 0.24 26.65 
90 80 0.61 26.05 
80 70 0.98 25.07 
70 60 1.62 23.45 
60 50 2.36 21.09 
50 40 2.73 18.35 
40 30 2.60 15.76 
30 20 2.43 13.33 
20 10 2.83 10.49 
10 9 0.34 10.16 
9 8 0.37 9.78 
8 7 0.44 9.35 
7 6 0.51 8.84 
6 5 0.61 8.23 
5 4 0.64 7.59 
4 3 0.67 6.92 
3 2 0.84 6.07 
2 1 1.79 4.28 
1 0.9 0.27 4.01 

0.9 0.8 0.30 3.71 
0.8 0.7 0.34 3.37 
0.7 0.6 0.40 2.97 
0.6 0.5 0.47 2.50 
0.5 0.4 0.64 1.86 
0.4 0.3 0.88 0.98 
0.3 0.2 0.98 0.00 

 
 

Measured settling velocities for the fine fraction of sediments (<200 microns) are often 
significantly different to theoretical values due to the effects of variation of sediment structure 
and density.  Hence the use of theoretical values as a benchmark may be invalid.  
Laboratory measurements of settling velocity have been performed by the CSIRO in Perth. 
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Settling velocities derived by CSIRO for different particle sizes are given in Table 4-2.  
Settling velocities derived for the particle size distribution are determined principally for the 
fine fraction of material, less than 200 microns.  The settling rate of larger particles is 
measured by Stokes’ formula. 

Table 4.2 : Particle settling velocities derived by CSIRO for use in the dredge modelling. 
 

Stokes' equivalent diameter Settling velocity 
(µm) (mm/s) 
2000 4883.6379 
1000 1220.9095 
500 305.2274 
212 54.8726 
106 13.7181 
95 11.0187 
90 9.8894 
80 7.8138 
70 5.9825 
60 4.3953 
50 3.0523 
40 1.9535 
30 1.0988 
20 0.4884 
10 0.1221 
9 0.0989 
8 0.0781 
7 0.0598 
6 0.0440 
5 0.0305 
4 0.0195 
3 0.0110 
2 0.0049 
1 0.0012 

0.9 0.0010 
0.8 0.0008 
0.7 0.0006 
0.6 0.0004 
0.5 0.0003 
0.4 0.0002 
0.3 0.0001 
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5 Simulation of Ocean Currents 
5.1 Field Measurements 
In order to produce reliable predictions of the fate of turbid plumes during the dredging it is 
critical to have accurate predictions of the ocean currents and tides.  A field program 
measuring winds and currents was undertaken from February to May, 2007 by the FPA.  Of 
importance to this study, current and tide data were collected at the proposed spoil ground 
and at the northern end of the Cockburn Sound basin. Long term current and tide data was 
also available from the Inner Harbour region of the Swan River. 

These field measurements were supplemented by the deployment of five wireless tracked 
GPS drifting buoys (Davis drifters) for five days in the waters between the mouth of the Swan 
River and Rottnest Island. 

 

5.2 Drifting Buoy Deployments 
The wireless tracked GPS drifting buoys (known as Davis drifters) were developed 
specifically for Lagrangian drifter experiments to help map ocean surface currents (see 
Figures 5.1 and 5.2).  A wireless receiver on the deck of the boat, or mounted on a shore 
station, can then receive the location of each of the drifters from the onboard GPS.  The 
Davis drifters are subject to very low windage due to their design (particularly the underwater 
“sail”). 

The tracks for the wireless GPS Davis drifters released in March and April, 2007 are shown 
in Figures 5-3 and 5-4, respectively. 

 

 



 

Fremantle Inner Harbour Dredging Program Simulations Page 17 

  

Figure 5-1 : Wireless GPS Davis drifter prior to deployment. 

 

Figure 5-2 : Wireless GPS Davis drifter in the ocean. 
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Figure 5-3 : The two wireless GPS Davis drifter tracks in March 2007 (black dot=release point). 
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Figure 5-4 : The five wireless GPS Davis drifter tracks in April 2007 (black dot=release point) 

 

5.3 Model Verification 
To verify GCOM3D, and to provide 3D currents for the dredge plume modelling, bathymetric 
grids covering the regions shown in Figures 5-5 and 5-6 were set up at resolutions of 250 
and 50 m, respectively.  The vertical levels were at 2, 4, 7, 10, 14, 20, 30, 40 m etc.  
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5.3.1 Verification against currents measured at the proposed spoil ground 

Current data was available at three locations as shown in Figure 5-7 which gives an example 
of the surface currents off Fremantle during southerly winds.   

The data in the river was used to drive the river flow in the model and cannot therefore be 
used for verification and the data at CM2 on the northern limit of Cockburn Sound was too 
near the fine grid boundary to be used for accurate validation.  As a result the major focus for 
verification was the data collected at the proposed spoil ground (CM1). 

GCOM3D was run for the period of measurements at CM1 (February 28 to March 9, 2007) 
producing half-hourly currents at each vertical level.  Figures 5-8 to 5-11 show the agreement 
obtained between GCOM3D predictions and measured data at CM1 for current speed and 
direction and the west-east and south-north components of the current, respectively. 

5.3.2 Verification against the surface drifter tracks in March and April, 2007 

To produce drifter track predictions for comparison with the observations GCOM3D was run 
from March to April, 2007 producing current files every 15 minutes. 

Figures 5-12 and 5-13 show the comparison of drift tracks predicted from the GCOM3D 
currents with the measured drift tracks.  It is virtually impossible to get exact agreement with 
drifter tracks and the very good agreement obtained showed that GCOM3D is predicting the 
surface currents very well.   

The important issue with ocean modelling is that the model used can be shown to represent 
the basic oceanographic features reliably and with an acceptable level of accuracy.  The 
agreement between model predictions and observations in this study appears to satisfy 
these requirements very well. 
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Figure 5-5 : Large scale GCOM3D grid. 
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Figure 5-6 : High resolution GCOM3D inner grid. 
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Figure 5-7 : Example of wind and tidal driven currents predicted by GCOM3D during a 
southerly wind event. 
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Figure 5-8 : Comparison of near-surface current speeds measured at CM1 from January 21 to 
February 12, 2006 (blue) with GCOM3D predictions (red). 

 

 

Figure 5-9 : Comparison of near-surface current directions measured at CM1 from February 28 
to March 9, 2007 (blue) with GCOM3D predictions (red). 
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Figure 5-10 : Comparison of near-surface west-east current speeds measured at CM1 from 
February 28 to March 9, 2007 (blue) with GCOM3D predictions (red). 

 

 

Figure 5-11 : Comparison of near-surface south-north current directions measured at CM1 from 
February 28 to March 9, 2007 (blue) with GCOM3D predictions (red). 
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Figure 5-12 : Comparison of the first 2 GPS drifter tracks in March, 2007 with the tracks 
predicted from GCOM3D near-surface currents (marked with M). 
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Figure 5-13 : Comparison of the 5 GPS drifter tracks in April, 2007 with the tracks predicted 
from GCOM3D near-surface currents (marked with M) 
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6 Simulation of Ocean Waves 
6.1 Introduction 
The primary aim of wave modelling undertaken for the study was to quantify spatial and time 
varying wave-induced (bottom) orbital velocities for incorporation into the re-suspension 
module of the sediment model.  The model produces time varying output of the bottom orbital 
velocity maxima at each output time step.  The bottom maxima are a function of the wave 
height, wave period and the depth – the larger waves in shallower water will result in higher 
orbital velocities (and therefore greater contribution to re-suspension of sediments). 

6.2 Wave Grids and Winds 
In order to capture broad scale wave generation processes affecting the region, a grid was 
established over the Indian Ocean at a resolution of 0.5 degrees.  Inner grids were then 
established at resolutions of 0.1, 0.02 and 0.002 degrees, in order to model the more 
detailed near-shore processes.  The three grid domains are defined in Table 6-1 and shown 
schematically in Figure 6-1. 

Table 6.1 : SWAN Settings 

MODEL GRID 
INDIAN 
OCEAN 

WEST 
AUSTRALIA 

ROTTNEST – 
FREMANTLE REGION 

Minimum Latitude -70 -38 -32.6 

Maximum Latitude 10 -14 -31.6 

Minimum Longitude 25 107 115.1 

Maximum Longitude 135 126 116.0 

Grid Resolution (deg) 0.5 0.1 0.02 

Directional resolution (deg) 10 10 10 

Frequency Range (Bins) 0.04 – 1 (35) 0.04 - 1(35) 0.04 - 1(35) 

Whitecapping Alves & Banner Alves & Banner Alves & Banner 

Friction Scheme Off Collins Collins 

 

The model was initialised with archived winds from the Bureau of Meteorology’s numerical 
weather prediction analysis fields.  For the broad scale wave modelling, winds from the 
global model GASP were used, whereas for the finer grids the high resolution MesoLAPS 
model (resolution approximately10km) wind fields were used. 
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Figure 6-1 : Schematic showing extent of outer wave model grids. 

 

6.3 Model Verification 
A series of validation runs were carried out for the model based on available data from the 
DPI wave buoy to the southwest of Rottnest Island.  

Plots of model versus buoy data (Hm0, Hswell and Tp) for a two-month period in the winter 
of 2004 are shown in Figure 6.2. These typically demonstrate that both swell and sea 
conditions within the region are being well-represented by the model. 
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Figure 6-2 : Correlation plots of modeled v. observed waves off Rottnest, winter 2004. 
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7 Dredge Modelling 
7.1 Method 
Once the physical oceanography has been simulated it is possible to study the movement of 
discharges into the water column (e.g. sediments, chemicals etc.) or components of the 
water body itself (flushing rates of harbours, bays etc.). 

The GEMS 3D Dredge Simulation Model (DREDGE3D) is used for simulating the specific 
fate of particles discharged during a dredging program.  This model inputs the physical 
environmental data from GCOM3D, together with wave data from SWAN and meteorological 
data, to simulate the movement and deposition, of suspended particles in the water body 
across the study area. 

DREDGE3D is a Lagrangian particle model and therefore is independent of grids and grid 
resolutions.  More details on the processes and methodology simulated in DREDGE3D are 
given in Appendix A.3. 

In the past 4 years DREDGE3D has been used in port development or expansion projects for 
the Dampier Port Authority; Hamersley Iron in Mermaid Sound; Chevron Gorgon project at 
Barrow Island; Albany Port Authority; Rio Tinto at Cape Lambert; BHP at Port Hedland; CP 
Mining at Cape Preston; Woodside at Scott Reef; two projects in Queensland, several 
developments in the United Arab Emirates and in New Caledonia for the INCO nickel 
processing plant and port development. 

7.2 Analysis of Data from the AMC Dredging Program 
The FPA funded a study of the turbidity resulting from the dredging of the Australian Maritime 
Centre (AMC) berthing facilities in Cockburn Sound.  The dredging was undertaken by the 
Leonardo Da Vinci Cutter Suction Dredge.  The two major sources of release of fines into the 
water column were from the cutter head and from the overflow from a (small) reclaim area to 
which the dredge spoil was pumped. 

Of particular interest to this study is the TSS values observed in the overflow from the 
reclaim area.  The values observed were used to define the TSS of the overflow from the 
Fremantle Inner Harbour dredging reclaim region.  A short summary of the findings of the 
AMC study follows. 

7.2.1 Weirbox Summary 

Sampling undertaken during the plume survey on 17/7/07 indicated that the concentration of 
TSS was 106 mg/L using the CSIRO gravimetric analysis. This is significantly greater than 
the 29 mg/L detected using filtering (MAFRL technique). It is fairly well explained by the PSD 
analysis, which shows that 90% of the suspended sediment is less than 7 microns - the 
analysis showed effectively all was less than 20 microns. 

Both methods effectively neglect material smaller than 2 microns. 
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Sampling in two concentric rings outside the weirbox plume suggested almost uniform 
dispersion, with only minor difference in the surface-bottom samples. The first ring is 
approximately 25m away from the weirbox outlet, with the second ring approximately 100m 
away. Sampling showed a mean drop of 73% (48-90% range) of the outlet concentration at 
the first ring, with a mean drop of 46% (34-59% range) of the outlet concentration at the 
second ring. 

Results supplied from the Jan de Nul testing gave TSS concentrations of 41, 28 and 14 mg/L 
at the surface, middle and bottom near the weirbox on 11/7/07. These concentrations are 
reasonably consistent with the measurements made by filtering. Much higher concentrations 
were observed on 14/7, with 172, 104 and 100 mg/L respectively. 

7.2.2 Dredge Summary 

Sampling undertaken during the plume survey indicated TSS concentration ranges from 4 to 
140 mg/L using filtering (30 samples) and 28 to 133 mg/L using gravimetric analysis (8 
samples). These results showed a significant difference between surface and bottom 
concentrations, but did not reveal a significant relationship with proximity to the cutter head. 
Samples towards the stern of the vessel were similar to those near the cutter head and the 
highest concentration measured was starboard of the vessel. 

Top samples averaged 14 mg/L (4-43 mg/L range) with bottom samples averaging 61 mg/L 
(10-140 mg/L range) when determined by filtering. Gravimetric analysis suggested higher 
concentrations, with a top average of 42 mg/L (29-71 mg/L range) and bottom average of 72 
mg/L (31-133 mg/L range). PSD analyses show a similar high proportion of very fine material 
within the suspended sediment. 

Results supplied from Jan de Nul at the cutter head from 9/7 to 11/7 gave concentrations 
from 24 to 188 mg/L.  
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8 Dredging Simulations 
The dredge modelling was carried out in three steps.  Firstly the 3-dimensional ocean 
circulation in the lower reaches of the Swan River and Perth coastal waters was predicted for 
8 months (September 2005 to May, 2006 inclusive) using GCOM3D to cover the three full 
dredging scenario time periods.   

Next the SWAN wave model was run for the same period to predict hourly wave induced 
orbital velocities to feed in to predictions of sediment resuspension during the dredging and 
disposal activities.   

Finally the total dredge program was simulated using DREDGE3D to predict the behaviour of 
particles released into the water column, driven by 3D ocean currents from GCOM3D, waves 
from SWAN, the dredge log and particle size distributions at each step.  An extract of the 
dredge log is included in Table 8-1.   
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Table 8.1 : Extract from the dredge log used to carry out the dredge modelling. 

Time 
[hrs] 

Dredge 
ID Cut Rate Easting [mE] Northing [mN] 

PSD 
File Dumpsite Overflowing 

UKC [m] 
(ex tide) 

Vessel 
Speed 
[m/hr] 

Water 
Depth 

[m] 
Draught 

[m] 
0.00 2 0.44 378517.0 6452542.0 2 0 N 10.00 0.0 17 7.00 
0.50 2 0.44 380381.0 6452803.0 2 0 N 4.20 0.0 13.2 9.00 
1.00 2 0.44 380381.0 6452803.0 2 0 Y 4.20 3704.0 13.2 9.00 
1.50 2 0.44 378517.0 6452542.0 2 0 Y 8.00 3704.0 17 9.00 
2.00 2 0.44 380381.0 6452803.0 2 0 Y 4.20 3704.0 13.2 9.00 
2.50 2 0.44 378517.0 6452542.0 2 0 N 11.25 0.0 17 5.75 
2.75 2 0.44 375450.0 6456764.3 2 2 N 9.00 0.0 18 9.00 
3.00 2 0.44 375450.0 6456764.3 2 0 N 12.25 0.0 18 5.75 
3.25 2 0.44 378517.0 6452542.0 2 0 N 10.00 3704.0 17 7.00 
3.75 2 0.44 380381.0 6452803.0 2 0 Y 4.20 3704.0 13.2 9.00 
4.25 2 0.44 378517.0 6452542.0 2 0 Y 8.00 3704.0 17 9.00 
4.75 2 0.44 380381.0 6452803.0 2 0 Y 4.20 3704.0 13.2 9.00 
5.25 2 0.44 378517.0 6452542.0 2 0 N 8.00 0.0 17 9.00 
5.50 2 0.44 375350.0 6456764.3 2 2 N 9.00 0.0 18 9.00 
5.75 2 0.44 375350.0 6456764.3 2 0 N 12.25 0.0 18 5.75 
6.00 2 0.44 378517.0 6452542.0 2 0 N 10.00 3704.0 17 7.00 
6.50 2 0.44 380381.0 6452803.0 2 0 Y 4.20 3704.0 13.2 9.00 
7.00 2 0.44 378517.0 6452542.0 2 0 N 8.00 0.0 17 9.00 
7.50 2 0.44 378517.0 6452542.0 2 0 N 8.00 0.0 17 9.00 
8.00 2 0.44 378517.0 6452542.0 2 0 Y 8.00 3704.0 17 9.00 
8.50 2 0.44 380381.0 6452803.0 2 0 Y 4.20 3704.0 13.2 9.00 
9.00 2 0.44 378517.0 6452542.0 2 0 N 11.25 0.0 17 5.75 
9.25 2 0.44 375250.0 6456764.3 2 2 N 9.00 0.0 18 9.00 
9.50 2 0.44 375250.0 6456764.3 2 0 N 18.00 0.0 18 0.00 
10.00 2 0.44 375250.0 6456764.3 2 0 N 12.25 0.0 18 5.75 
10.25 2 0.44 378517.0 6452542.0 2 0 N 10.00 3704.0 17 7.00 
10.75 2 0.44 380381.0 6452803.0 2 0 Y 4.20 3704.0 13.2 9.00 
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Time 
[hrs] 

Dredge 
ID Cut Rate Easting [mE] Northing [mN] 

PSD 
File Dumpsite Overflowing 

UKC [m] 
(ex tide) 

Vessel 
Speed 
[m/hr] 

Water 
Depth 

[m] 
Draught 

[m] 
11.25 2 0.44 378517.0 6452542.0 2 0 Y 8.00 3704.0 17 9.00 
11.75 2 0.44 380381.0 6452803.0 2 0 Y 4.20 3704.0 13.2 9.00 
12.25 2 0.44 378517.0 6452542.0 2 0 N 8.00 0.0 17 9.00 
12.50 2 0.44 375150.0 6456764.3 2 2 N 9.00 0.0 18 9.00 
12.75 2 0.44 375150.0 6456764.3 2 0 N 12.25 0.0 18 5.75 
13.00 2 0.44 378517.0 6452542.0 2 0 N 10.00 3704.0 17 7.00 
13.50 2 0.44 380381.0 6452803.0 2 0 Y 4.20 3704.0 13.2 9.00 
14.00 2 0.44 378517.0 6452542.0 2 0 Y 8.00 3704.0 17 9.00 
14.50 2 0.44 380381.0 6452803.0 2 0 Y 4.20 3704.0 13.2 9.00 
15.00 2 0.44 378517.0 6452542.0 2 0 N 11.25 0.0 17 5.75 
15.25 2 0.44 375050.0 6456764.3 2 2 N 9.00 0.0 18 9.00 
15.50 2 0.44 375050.0 6456764.3 2 0 N 12.25 0.0 18 5.75 
15.75 2 0.44 378517.0 6452542.0 2 0 N 10.00 3704.0 17 7.00 
16.25 2 0.44 380381.0 6452803.0 2 0 Y 4.20 3704.0 13.2 9.00 
16.75 2 0.44 378517.0 6452542.0 2 0 Y 8.00 3704.0 17 9.00 
17.25 2 0.44 380381.0 6452803.0 2 0 Y 4.20 3704.0 13.2 9.00 
17.75 2 0.44 378517.0 6452542.0 2 0 N 17.00 0.0 17 0.00 
18.25 2 0.44 378517.0 6452542.0 2 0 N 11.25 0.0 17 5.75 
18.50 2 0.44 374950.0 6456764.3 2 2 N 9.00 0.0 18 9.00 
18.75 2 0.44 374950.0 6456764.3 2 0 N 12.25 0.0 18 5.75 
19.00 2 0.44 378517.0 6452542.0 2 0 N 17.00 0.0 17 0.00 
19.50 2 0.44 378517.0 6452542.0 2 0 N 10.00 3704.0 17 7.00 
20.00 2 0.44 380381.0 6452803.0 2 0 Y 4.20 3704.0 13.2 9.00 
20.50 2 0.44 378517.0 6452542.0 2 0 Y 8.00 3704.0 17 9.00 
21.00 2 0.44 380381.0 6452803.0 2 0 Y 4.20 3704.0 13.2 9.00 
21.50 2 0.44 378517.0 6452542.0 2 0 N 11.25 0.0 17 5.75 
21.75 2 0.44 374850.0 6456764.3 2 2 N 9.00 0.0 18 9.00 
22.00 2 0.44 374850.0 6456764.3 2 0 N 12.25 0.0 18 5.75 
22.25 2 0.44 378517.0 6452542.0 2 0 N 10.00 0.0 17 7.00 
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Time 
[hrs] 

Dredge 
ID Cut Rate Easting [mE] Northing [mN] 

PSD 
File Dumpsite Overflowing 

UKC [m] 
(ex tide) 

Vessel 
Speed 
[m/hr] 

Water 
Depth 

[m] 
Draught 

[m] 
22.75 2 0.44 380381.0 6452803.0 2 0 Y 4.20 3704.0 13.2 9.00 
23.25 2 0.44 378517.0 6452542.0 2 0 Y 8.00 3704.0 17 9.00 
23.75 2 0.44 380381.0 6452803.0 2 0 Y 4.20 3704.0 13.2 9.00 
24.25 2 0.44 378517.0 6452542.0 2 0 N 11.25 0.0 17 5.75 
24.50 2 0.44 374750.0 6456764.3 2 0 N 18.00 0.0 18 0.00 
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Note that modelling relied on the best available meteorology and bathymetric information 
and included assumptions and details from other recent dredging programs in WA, including 
Geraldton, Dampier and Cape Lambert (GEMS 2003a & 2003b).  Where there was 
uncertainty in model parameters, conservative values were chosen such that the model 
would tend to overestimate the impact.  

The dredge modelling was carried out for just over 4 months starting at three distinct times 
of the year: 

• Starting at the beginning of September; 

• Starting at the beginning of November; 

• Starting at the beginning of January. 

 

The dredge modelling predicted the X-Y-Z co-ordinates of all particles throughout the full 
dredging program and the results were stored hourly.  These results were then analysed to 
determine the distribution of Total Suspended Solids (TSS) and seabed coverage to be 
developed over the total dredge program (approximately 140 days).  The hourly output was 
analysed to derive periods of continuous exposure to turbidity and/or sedimentation above 
defined thresholds.   

The results of these analyses are summarised in maps of exposure zones showing regions 
affected by turbidity or sedimentation that result in high impact, moderate impact or a visible 
plume or a very small level of sedimentation.  

The stored X-Y-Z particle coordinates were analysed on a high resolution grid to determine 
turbidity levels at each grid point by scanning the water column from surface to bottom for 
the grid cell with the highest turbidity rather than averaging over the water column.  The 
results therefore show the highest turbidity levels found across the grid. 

In all three dredging simulations the modelling predicts a build up of deposited sediments in 
the immediate vicinity of the dredging area and spoil disposal site from the settlement of the 
larger sediments (>75 µm). Finer sediment fractions remain suspended for longer periods 
and lead to increased turbidity, which varies significantly in space and time.   

Sedimentation and resuspension of particles were simulated in the model throughout the 
dredging program. The data at the completion of the dredging program was analysed to 
determine the extent of sedimentation remaining in the region.  It needs to be noted 
however that sediment resuspension and spoil ground stability is one of the less accurate 
processes modelled due to a limited ability to accurately simulate resuspension processes.  

Resuspension is driven by ocean currents near the sea bed and by orbital velocities 
generated near the seabed by wave action.  DREDGE3D includes a state-of-the-science 
algorithm for calculating the likely resuspension of various particle sizes however the main 
reasons for the limited ability to produce reliable predictions are: 
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• Orbital velocities are predicted by the SWAN wave model but unfortunately there is 

no data to verify these predictions. 

• The distribution of particles available for resuspension is difficult to define.  For 

example all the fine material is not available for immediate resuspension at the spoil 

ground because it may be buried under heavier material. 

 

 

Figure 8-1 : Location of the sites where TSS time series data were captured 
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8.1 Modelling Results 
 

For each scenario, model results for TSS were produced for two statistical combinations: 

 95th percentile – modelled results showing TSS levels that occur during the dredge 
programme for 95% of the time; and 

 50th percentile – modelled results showing TSS levels that occur during the dredge 
programme for 50% of the time. 

Time series plots were produced to highlight peak events in TSS concentrations. 

Plots showing sedimentation levels were also produced which show accumulation of 
sediments across the dredge programme for each dredge scenario. 

8.1.1 Simulation of dredging starting in September 

Figure 8-2 and 8-3 show the 95% and 50% exceedance of TSS contours for the September 

scenario.   The 95th and 50th percentile TSS plots show short lived and spatially restricted 

elevations in turbidity so that averaging over time and over the water column reduces the 

results to practically zero (< visible detection). 
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Figure 8-2 Contours of the TSS value exceeded 95% of the time – September Dredge Scenario 
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Figure 8-3 Contours of the TSS value exceeded 50% of the time – September Dredge Scenario 
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Figure 8-4 : TSS time series at five locations during dredging starting in September. 

 

Figure 8-4 shows a fluctuation in TSS results over the five areas throughout the entire 

September period.   South-west Cottesloe experienced the highest peak on day 66 with a 

value and a range of 27.45.  Rous Head Reclamation recorded the second highest range of 

24.50, followed by North-west Cottesloe, the Spoil Ground and Hall Bank, 18.65, 13 and 

9.25 respectively.  

 

8.1.2 Simulation of dredging starting in November 

Figure 8-5 and 8-6 show the 95% and 50% exceedance of TSS contours for the November 

scenario.   The 95th and 50th percentile TSS plots show short lived and spatially restricted 

elevations in turbidity so that averaging over time and over the water column reduces the 

results to practically zero (< visible detection). 
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Figure 8-5 Contours of the TSS value exceeded 95% of the time – November Dredge Scenario 
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Figure 8-6 Contours of the TSS value exceeded 50% of the time – November Dredge Scenario 
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Figure 8-7 : TSS time series at five locations during dredging starting in November. 

 

Figure 8-7 shows a significant peak of TSS in all areas commencing on day 123 through to 

day 132.  Rous Head Reclamation experiences the highest peak with a result of 34.08 mg/L. 

Rouse Head also experienced a small fluctuation of results for the first 53 days, whilst the 

other areas remained low and unvarying.   

 

8.1.3 Simulation of dredging starting in January 

Figure 8-8 and 8-9 show the 95% and 50% exceedance of TSS contours for the November 

scenario.   The 95th and 50th percentile TSS plots show short lived and spatially restricted 

elevations in turbidity so that averaging over time and over the water column reduces the 

results to practically zero (< visible detection). 
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Figure 8-8 Contours of the TSS value exceeded 95% of the time – January Dredge Scenario 
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Figure 8-9 Contours of the TSS value exceeded 50% of the time – January Dredge Scenario 
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Figure 8-10 : TSS time series at five locations during dredging starting in January. 

 

Figure 8-10 shows a significant peak of TSS in all areas commencing on day 86 through to 

day 92.  Rous Head Reclamation experiences the highest peak with a result of 34.21 mg/L. 

Rouse Head also experienced a small fluctuation of results for the first 51 days, whilst the 

other areas remained low and unvarying.   
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8.1.4 Sedimentation 

Sedimentation modelling for the dredging program was conducted for three scenarios 

starting in September, November and January shown in Figures 8.11, 8.12 and 8.13 

respectively.  

 

The greatest amount of sedimentation occurs along the Deep Water Channel, Gage Road 

Reclamation area and the Fremantle Inner Harbour in all three scenarios.   
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Figure 8-11 Sedimentation Modelling – September 
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Figure 8-12 Sedimentation Modelling – November 
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Figure 8-13 Sedimentation Modelling – January 



GEMS – Global Environmental Modelling Systems Pty. Ltd. Report 376/06 

Fremantle Inner Harbour Dredging Program Simulations Page 53 

Table 8.2 : The Sea grass Impact Zone Criteria Supplied by SKM 

 

Depth 
Potential Zone of 

Impact*1 
Potential Zone of 
Stress/Effect**2 

Potential Zone of 
Influence3 

1 110 89 2 

2 54 45 2 

3 35 30 2 

4 26 22 2 

5 20 18 2 

6 17 15 2 

7 14 13 2 

8 12 11 2 

9 10 10 2 

10 9 9 2 

11 8 8 2 

12 7 7 2 

13 7 7 2 

14 6 6 2 

15 5 6 2 

16 5 6 2 

17 5 5 2 

18 4 5 2 

19 4 5 2 

20 4 4 2 

21 4 4 2 

22 4 4 2 

 

Note: 

1) Exposure was restricted to daylight hours 

2) The criteria are depth dependent because, for a given turbidity, sea grass is much 

more affected at depth than in shallow waters. 
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8.2 Conclusion  
Modelling of the dredging, offshore spoil disposal and reclamation at Rous Head shows 

periods of increased turbidity in the Fremantle Inner Harbour, the Deep Water Channel and 

outside the discharge point from Rous Head Reclamation.   

 

Model results indicate that elevated TSS values from the discharge of Rous Head 

Reclamation are soon dissipated by the active ocean currents and waves. 
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Appendix A. :Model Descriptions 

A.1 GCOM3D 
For studies of hydrodynamic circulation and sea level variation under ambient and extreme 
weather conditions, GEMS has developed the GEMS 3-D Coastal Ocean Model (GCOM3D).  
GCOM3D is an advanced, fully three-dimensional, ocean-circulation model that determines 
horizontal and vertical hydrodynamic circulation due to wind stress, atmospheric pressure 
gradients, astronomical tides, and quadratic bottom friction and ocean thermal structure. 
The system will run on Windows/NT or UNIX platforms. GCOM3D is fully functional 
anywhere in the world using tidal constituent and bathymetric data derived from global, 
regional and local databases.  

GCOM3D has never been fully published.  Some details appear in publications (Hubbert 
1991, 1993, 1999).  Further information is given below: 

A.1.1  History and Physics 

The history of development of GCOM3D began in 1982, initially stimulated by the 3D model 
development by Lendertsee (1973) who applied a “z” co-ordinate 3D barotropic model to a 
number of coastal engineering tasks in the 1970’s. 

The publication of what was the predecessor to the Princeton Ocean Model in 1983 by 
Blumberg and Mellor (1983) raised the standard of 3D ocean modelling by incorporating the 
vertical mixing schemes then used in atmospheric modelling into an ocean model for the 
first time. 

GCOM3D was the first “z” coordinate ocean model to incorporate the Mellor-Yamada (1982) 
vertical mixing scheme and was first used for consulting purposes in 1984 for the Geelong 
ocean outfall study near Barwon Heads in Victoria. 

GCOM3D is a fully baroclinic ocean model but is most often run in barotropic 
(hydrodynamic) mode due to either the lack of data on ocean thermal structure or the 
dominance of winds and tides as the major forcing factors.   
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A.1.2  General Description 

GCOM3D is a fully three-dimensional, ocean-circulation model that determines horizontal 
and vertical circulation due to wind stress, atmospheric pressure gradients, astronomical 
tides, and quadratic bottom friction and ocean thermal structure.  

The system will run on Windows or UNIX platforms 

GCOM3D is formulated as a relocatable model which can be applied anywhere in the world 
using tidal constituent and bathymetric data derived from global and local databases. 

The three-dimensional structure of the model domain, tidal conditions at the open 
boundaries, thermodynamics and wind forcing are defined for each model application by 
extraction of data stored in gridded databases covering a wider geographical area of 
interest. 

The model scale is freely adjustable, and nesting to any number of levels is supported in 
order to suit the oceanographic complexity of a study area. 

As the model is fully three-dimensional, output can include current data at any or all levels in 
the water column. 

A.1.3  Horizontal and Vertical Structure 

The model operates on a regular grid (in the x and y directions) and uses a z-coordinate 
vertical-layering scheme. That is, the depth structure is modelled using a varying number of 
layers, depending on the depth of water, and each layer has a constant thickness over the 
horizontal plane.   

This scheme decouples surface wind stress and seabed friction and avoids the bias of 
current predictions for a particular layer caused by averaging of currents over varying 
depths, as used in sigma co-ordinate and “depth-averaged” model schemes. 

In the upper water column levels are typically a few metres apart, increasing to several 
hundred metres in deep waters. 

A.1.4  Numerical Procedures 

The basic equations are solved using a split-explicit finite-difference scheme on an 
Arakawa-C grid (Messinger and Arakawa, 1976) as described in Hubbert et al. (1990). The 
continuity equation and the gravity wave and Coriolis terms in the momentum equations are 
solved on the shortest time step, (the adjustment step) using the forward-backward method.   

The non-linear advective terms are solved on an intermediate advective time step using the 
two-time-level method of Miller and Pearce (1974).  Finally, on the longest time step, the so-
called physics step, the surface wind stress, bottom friction stress and atmospheric pressure 
terms are solved using a backward-implicit method. This approach is extremely efficient in 
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oceanographic models with free surfaces because of the large disparity between advective 
speeds and gravity-wave phase speeds in deep water. 

The numerical scheme used for the advective step is the two-time-level method of Miller and 
Pearce (1974).  This scheme alternates the Euler and Euler-backward (Matsuno) schemes 
at odd and even advective time-steps and has the major advantage of an amplification 
factor of almost exactly unity for the Courant numbers that are found in ocean models 
(Hubbert et al. (1991). 

The adjustment and advective integration cycle is carried out N times to produce an interim 
solution which is completed with the inclusion of the physics terms using a numerical 
technique similar to that described for the adjustment step. 

A.1.5  Boundary Conditions 

Boundary conditions can be applied in a range of ways depending on the type of process 
being modelled. 

Meteorological forcing is applied via the wind stress and surface pressure gradient at all 
submerged model grid-points in the computational domain.   

Tidal and meteorological forcing at lateral boundaries is achieved by specifying the 
incremental displacement of the water surface due to changes in tidal height and 
atmospheric pressure. These boundary conditions are applied using a ‘one-way nesting’ 
technique to the appropriate model variable with a logarithmic decreasing intensity from the 
boundary to some specified number of model grid-points (typically 10-15) into the domain. 

At coastal boundaries and along river banks, the wetting and drying of grid cells is 
accomplished via the inundation algorithm described published in Hubbert and McInnes 
(1999). 

On outflow, a radiation boundary condition, as described in Miller and Thorpe (1981) is 
applied to the velocity field to prevent the build up of numerical energy, while on inflow 
boundaries; a zero-gradient condition is applied. 
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A.1.6  Tidal Data Assimilation 

In order to improve the simulation of tidal forced dynamics the model includes the facility to 
“nudge” the solution with tidal height predictions at locations within the model domain.  

The nudging method is based on deriving a new solution at grid points near each tidal 
station from a weighted combination of the model solution and the station sea level 
prediction.   

A.1.7  Model Applications 

GCOM3D has undergone exhaustive evaluation and verification in the 15 years it has 
served the coastal engineering industry in Australia and has a proven record of accurately 
predicting the wind and tidal driven ocean currents around the Australian continental shelf 
(and in many other parts of the world).   

The Australian National Search and Rescue system is based on ocean currents from 
GCOM3D, which has been running in real-time at the Australian Maritime Safety Authority in 
Canberra for the past 4 years.  It is the first real-time ocean prediction model in Australia.   

The U.S. Navy also purchased GCOM3D for its coastal ocean forecasting system. 

GCOM3D has also been used in a wide range of ocean environmental studies including 
prediction of the fate of oil spills, sediments, hydrotest chemicals, drill cuttings, produced 
formation water and cooling waters as well as in other coastal ocean modelling studies such 
as storm surges and search and rescue. 

A.2 SWAN 
To obtain realistic estimates of random, short-crested wind-generated waves in such 

conditions for a given bottom topography, wind field, water level and current field, the 

numerical wave model SWAN can be used.  

The SWAN model was developed at Delft University of Technology, Delft (the Netherlands). 

It is specified as the new standard for near shore wave modelling and coastal protection 

studies.  The SWAN model has been released into the public domain. 

SWAN simulates the following physical phenomena: 

• Wave propagation in time and space, shoaling, refraction due to current and depth, 

frequency shifting due to currents and nonstationary depth.  

• Wave generation by wind.  

• Nonlinear wave-wave interactions (both quadruplets and triads).  

• Whitecapping, bottom friction, and depth-induced breaking.  

• Blocking of waves by current 
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•  

The SWAN model is a non-stationary third-generation wave model (see e.g. Holthuijsen et 
al., 1993; Ris, 1997) and is the successor of the stationary second-generation HISWA model 
(Holthuijsen et al., 1989).  

The non-stationary SWAN model is based on the discrete spectral action balance equation 
and is fully spectral (over the total range of wave frequencies and over the entire 360°). This 
latter implies that short-crested random wave fields propagating simultaneously from widely 
different directions can be accommodated. The wave propagation is based on linear wave 
theory (including the effect of currents). The processes of wind generation, dissipation and 
nonlinear wave-wave interactions are represented explicitly with state-of-the-art third-
generation formulations. (It is noted that for reasons of economy, more simple first- and 
second-generation formulations are also optionally available.) The SWAN model can also be 
applied as a stationary model (stationary mode). This is considered acceptable for most 
coastal applications because the travel time of the waves from the seaward boundary to the 
coast is relatively small compared to the time scale of variations in incoming wave field, the 
wind or the tide. 

To avoid excessive computing time and to achieve a robust model in practical applications, 
fully implicit propagation schemes (in time and space) have been implemented. The SWAN 
computations can be made on a regular and a curvilinear grid in a Cartesian co-ordinate 
system. Nested runs can be made with the regular grid option. 

SWAN provides many output quantities including two-dimensional spectra, significant wave 
height and mean wave period, average wave direction and directional spreading, root-mean-
square of the orbital near-bottom motion and wave-induced force (based on the radiation-
stress gradient). 

The SWAN model has successfully been validated and verified in 
several laboratory and (complex) field cases (see e.g. Ris, 
1997).A.3 DREDGE3D 

The dredge modelling is carried out in two steps.  Firstly the 3-dimensional ocean circulation 

of the region is predicted for the full dredge program using GCOM3D.  Then the total dredge 

program is simulated using DREDGE3D, which simulates the behaviour of the dredge(s) 

based on an estimated dredge log (at time steps of 10-15 minutes). 

 

A.3.1  Model Features 

• DREDGE3D is used for simulating the specific fate of particles discharged during a 

dredging program.   
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• The model is a Lagrangian particle model and does not run on a grid and 

consequently is independent of grid resolution.   

• The model inputs the ocean currents (and temperature, salinity if important) from 

GCOM3D, together with wave data from SWAN and meteorological data from 

MesoLAPS, to simulate the movement and deposition of suspended particles in the 

water body resulting from a dredging activity defined by an estimated dredge log. 

• DREDGE3D release particles into the water column, as determined by the dredge 

log, representing the range of particle sizes (say 50) and volume of each particle size 

fraction.  Thereafter the particle transport is simulated and the x, y, z coordinates of 

each particle written out to a file each hour of the dredging program. 

• All sources of particles introduced to the water column can be simulated including 

releases from the CSD cutter head; the TSHD drag head; barge and hopper 

overflow; spoil ground dumping; reclamation bund overflow; TSHD propeller wash 

etc. 

• Particles move through the water as a function of the assigned settling velocity, the 

ambient current speeds and a random walk dispersion algorithm 

• Particles which settle to the ocean bed can be resuspended if the shear stress 

resulting from the ambient bottom currents and orbital velocities generated by waves 

exceed defined threshholds which vary as a function of particle size and density. 

• Modelling predicts the hourly distribution of Total Suspended Solids (TSS) and 

seabed coverage to be developed over the total dredge program.  The hourly output 

is analysed to derive periods of continuous exposure to turbidity and/or 

sedimentation above defined thresholds.   

 

A.3.2  Establishment of the Dredge Log 

 

The type of information required to set up the simulated dredge log for Trailer Suction 

Hopper (THSD) and Cutter Suction Dredges (CSD) includes: 

• Total volume of material to be dredged 

• Region to be dredged 

• Expected start time(s) 

• Expected duration of dredging 

• Particle size distributions and settling rates for all types of material to be dredged 

• Number and type of dredges 
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• Draft (full and empty) of dredge(s) 

• Average hours per week of operation 

• Maintenance schedule (repairs, refuelling etc.) 

• Time of operation before overflow (of THSD or CSD barges) 

• Duration of overflow 

• Depth of overflow 

• Overflow rate m3/sec 

• Whether under keel clearance is controlled or not (THSD only) 

• Particle size distributions for all types of material to be dredged 

• No dredging periods (such as coral spawning) 

• Cutting rate 

• Hopper capacity (m3) for overflow and no overflow conditions in terms of dry solids 

• Speed of dredge(s) while dredging, travelling to, and returning from, the dump site 

• Number, location and capacity of disposal sites. 

 

A.3.3  DREDGE3D Methodology 

The basic steps undertaken by DREDGE3D (for a TSHD) are: 

• Read from the dredge log the next location  

• Determine dredging action (dredging, overflowing or not, sailing to spoil ground, 

dumping or returning from spoil ground) 

• If dredging  

• read the cutting rate 

• Calculate the volume to be dredged in the time step between now and the next 

location 

• Add this volume to the total volume count 

• Compare dredged volume with total volume to be dredged to determine when to 

cease dredging 

• Distribute the mass to the model particles to be released at this time step according 

to the particle size analysis curve for that location 

• Keep a count of the total mass distributed 

• Determine the fate of each model particle (overflowed, retained in hopper) 

• Add overflow mass to total overflow mass 

• Add hopper mass to total hopper mass 

• If dumping at spoil ground 

• Release all particles in the hopper at the designated spoil ground 
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• Add dumped mass to total spoil ground mass 

• Check if spoil ground mass has exceeded spoil ground capacity. 

• All model particles released are tracked for the full duration of the dredging program 

(whether it is 2 months or 2 years) and the XYZ coordinates are written out to a 

binary output file every hour (eventually several million particles). 

• At each output time step the total mass assigned to each model particle released so 

far is added up and compared with the total mass dredged.  If they are not the same, 

the model stops and an error is flagged. 

• Note that for a TSHD another source of turbidity is the wash from the propellers, 

particularly when the under keel clearance (UKC) reduces as the hopper fills.  This 

process is simulated using empirical algorithms developed during the recent Dampier 

Port dredging program from measurements of turbidity in the vicinity of the TSHD 

propellers. 

 

A.3.4  Analysis of Results 

The turbidity levels are derived at each model grid point by scanning the water column from 
surface to bottom for the grid cell with the highest turbidity rather than averaging over the 
water column.  The results therefore show the highest turbidity levels found across the grid. 

Although a large amount of detail is included in the dredge simulations the results are still 
based on a wide range of assumptions and the proper use of the output should be to 
provide an indication of potential impacts from the dredging program. 

The simulation of several dredging periods experiencing differences in the Meteorology, 
together with the detailed dredge log method, provides a rich source of information from 
which potential impacts can be derived.  In the actual dredging program however, regions 
that show potential impacts may not occur due to variations in meteorology and/or dredge 
behaviour. 
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Acronyms and Abbreviations 
AQIS Australian Quarantine and Inspection Service 
BEP Best Environmental Practice 

BOM Bureau of Meteorology 

BPPH Benthic Primary Producer Habitat 
CEO Chief Executive Officer of the DEC 
CD Chart Datum 
cm Centimeter(s) 
CSD Cutter Suction Dredge 
Cwth Commonwealth 
DEC Department of Environment and Conservation (State) 
DEWHA Department for the Environment, Water, Heritage and the Arts (Commonwealth) 
DPI Department for Planning and Infrastructure 
DSDMP Dredging and Spoil Disposal Management Plan 
EPA Environmental Protection Authority  
EPBC Act Environmental Protection and Biodiversity Conservation Act 1999 
ECI Early Contractor Involvement 
e.g. For Example 
EQO Environmental Quality Objective 
EQC Environmental Quality Criteria 
hPa Hectapascals 
IADC International Association of Dredging Companies  
KPI Key Performance Indicators  
LAC Light Attenuation Coefficient  
LEP Level of Environmental Protection 
LWMF Low Water Mark Fremantle 
Mm3 Million Cubic meters 
NODGDM National Ocean Disposal Guidelines for Dredged Material 
NTU Nephelometric Turbidity Units 
OSCP Oil Spill Contingency Plan 
PER Public Environmental Review 
RL Reduced Level 
SDP Sea Dumping Permit 
SE Standard Error 
TSHD Trailing Suction Hopper Dredge 
TSS Total Suspended Solids 
WA Western Australia 
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1. Introduction 
1.1. Project Overview 

Fremantle Ports is seeking to deepen the Deep Water Channel, Entrance Channel and Inner 
Harbour to allow 14 m draft ships to use the Fremantle Inner Harbour, and reclaim an area of 
seabed at Rous Head.  This project is referred to as the ‘Inner Harbour Deepening Project’.  To 
achieve this, the following work is proposed: 

 Dredge the Inner Harbour to a declared depth of RL -15.0 m Low Water Mark Fremantle 
(LWMF); 

 Dredge the Entrance Channel to declared depths between RL -16.1 m (LWMF) and RL  
-16.8 m (LWMF) to provide adequate depth for the yaw of turning ships; and 

 Dredge the Deep Water Channel to declared depths of RL -16.5 m (LWMF) on straight 
sections and RL -18.0 m (LWMF) on bends. 

 
Approximately 3.1 million cubic metres of material will be dredged in total with approximately 
55% being unconsolidated sediments, mostly comprising sand with small proportions of gravel and 
mud, and the remaining 45% being consolidated materials comprising, cemented limestone.  The 
unconsolidated sediments will be used for land reclamation at Rous Head and the crushed 
limestone will mostly be transported to and disposed in the offshore spoil ground.  The dredged 
materials will be placed either into reclamation or in the offshore spoil ground by the Trailer 
Suction Hopper Dredge (TSHD).  In the outer (western) section of the Deep Water Channel and in 
the Entrance Channel and some areas of the Inner Harbour where consolidated material cannot be 
directly dredged by the TSHD, these materials will initially be crushed to between 10 mm and 
100 mm sized particles using the Cutter Suction Dredge (CSD).  The crushed material will be 
placed on the seabed directly behind the cutter and will then be removed by the TSHD and taken 
for disposal at the offshore spoil disposal ground or placed into reclamation. 

Figure 1-1 presents a satellite image of the Project area. 

1.2. Purpose and Objectives 

The scope of this Draft Dredging and Spoil Disposal Management Plan (DSDMP) covers the 
dredging, spoil disposal and land reclamation associated with the Inner Harbour Deepening Project.  
The purpose of this Draft DSDMP is to provide a framework for the environmental management of 
activities including dredging, spoil disposal and land reclamation that will be undertaken during the 
Project (referred to as the ‘Inner Harbour Deepening Project’).  As such, the Draft DSDMP 
provides details of environmental management and monitoring strategies that will be implemented 
during the dredging, spoil disposal and land reclamation works thereby ensuring that the risk of 
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potential environmental impacts associated with the works are reduced to as low as reasonably 
practical. 

The Draft DSDMP is provided as an Appendix to the ‘Fremantle Ports Inner Harbour and Channel 
Deepening, Reclamation at Rous Head and Offshore Placement of Dredged Material Draft Public 
Environmental Review (PER)’.  Once the environmental approvals process has been completed, 
Fremantle Ports and the appointed dredge contractor will finalise this Draft DSDMP in consultation 
with the Western Australia Department of Environment and Conservation (DEC) and the 
Commonwealth Department for the Environment, Water, Heritage and the Arts (DEWHA).  The 
final DSDMP will incorporate all specific requirements of the applicable State and Commonwealth 
approvals processes including the state Ministerial Conditions, Commonwealth approvals decision 
and the Sea Dumping Permit (SDP). 

1.3. Proponent Details 

The Proponent details for this proposal are: 

Proponent: Fremantle Ports 
Address: 1 Cliff Street, Fremantle, WA 6160 
Contact Person: Lyle Banks – Manager Planning & Environment 
Telephone: (08) 9430 3565 
Facsimile: (08) 9430 3450 
E-mail: Lyle.Banks@fremantleports.com.au 
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 Figure 1-1  Satellite image of the Project Area (taken January 2004) 
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1.4. Legal Requirements and Guidelines 

All dredging, dredge material and associated activities will be undertaken in compliance with the 
State and Commonwealth Legislation and guidelines. 

1.5. Environmental Impact Assessment and Management Strategies 

The development of this Draft DSDMP provides the management framework for potential impacts 
relating to the dredging, land reclamation and spoil disposal works.  The following potential 
impacts of the dredging, land reclamation and spoil disposal activities were identified in the PER: 

 Impacts to Water Quality and Benthic Primary Producer Habitats (BPPH) including seagrass 
in and adjacent to the Project area and the corals at Hall Bank from reduced light availability 
due to increased suspended solids and smothering due to increases in sediment movements; 

 Impacts to marine fauna (directly due to dredging and indirectly due to accidental release of 
solid, hazardous or sewage wastes generated during the dredging and disposal activities); 

 The introduction of marine pests via the dredging vessels and equipment; and 

 Impacts on social values such as visual amenity resulting from a short-term increases in 
turbidity levels. 

 
The following management strategies have been developed to manage the potential impacts 
identified in the Draft PER: 

 Management strategy 1 – Water Quality, Sedimentation and BPPH Management; 

 Management strategy 2 – Marine Mammal Management; 

 Management strategy 3 – Introduced Marine Pest Management; 

 Management strategy 4 – PASS Material and Contaminated Sediments Management; 

 Management strategy 5 – Proposed Spoil Ground Management; and 

 Management strategy 6 – Hydrocarbon Spills Management.  

These management strategies are discussed in Section 4 of this document. 

In order to ensure timely and effective responses to community concerns during dredging, where 
appropriate management actions for good communication have been included.  

For other potential impacts identified in the Draft PER to be managed under Fremantle Ports’ 
existing Environmental Management System (EMS) and specific contractor management 
procedures, these management strategies will be implemented via the Construction Environmental 
Management Plan (CEMP) and fall outside the Draft DSDMP implementation requirements. 
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1.6. Water Quality Guidelines 

The Environmental Protection Authority (EPA) has developed an Environmental Quality 
Management Framework (EQMF) for the marine waters of the State.  The EQMF is to be 
addressed in the approvals stage of developments and in setting effluent discharge conditions for 
licences administered by the DEC.  Under the EQMF, the EPA recommended a set of 
environmental values and spatially allocated Environmental Quality Objectives (EQOs) and Levels 
of Ecological Protection (LEPs) for the Cockburn Sound (DoE 2006).  These objectives will be 
applied to the Inner Harbour Deepening Project. 

The Fremantle Ports Inner Harbour Deepening Project PER details the key water quality values and 
sensitivities in the Port area.  The environmental values relevant to this Project include ecosystem 
health, fishing and aquaculture activities and recreational and aesthetic values.  The corresponding 
EQOs for ecosystem health is maintenance of ecosystem integrity for which there are four levels of 
protection for ecosystem integrity (‘Maximum’, ‘High’, ‘Moderate’ and ‘Low’).  Typically, a 
‘moderate’ level of protection applies to harbours, marinas and ports and a ‘moderate’ or ‘low’ 
level of protection to areas where multiple ocean discharges occur and act as a buffer zone. 

There are two main types of EQC that have been developed for Cockburn Sound in order to remain 
consistent with ANZECC/ARMCANZ (2000) guidelines and are as follows: 

 Environmental Quality Guidelines (EQG) – these include thresholds such as the 95% and 
99% levels of ecological protection guideline level for toxicants in water; the ANZECC/ 
ARMCANZ (2000) ISQG-low guideline trigger levels for toxicants in sediments; or the 95th 
percentile of data for selected physical and chemical stressors for a suitable reference site.  If 
the EQG is not met, then a more detailed assessment against the EQS is required; and 

 Environmental Quality Standards (EQS) – threshold or numerical values that indicate a 
level beyond which there is a significant risk that the associated EQO has not been achieved 
and a management response is triggered.  Such a response would include identification of 
source of exceedance and management/reduction of the stressor (e.g. contaminant load). 

 
The management strategies listed in Section 1.5 and presented in Section 4 have been developed to 
ensure that the dredging, disposal and land reclamation works are undertaken in a manner 
consistent with the EQOs and LEPs recommended by the EPA. 

Table 1-1 outlines the environmental values, the EQOs and the EQC for the Fremantle Port area as 
well as the management strategies and performance monitoring that will be applied to meet these 
objectives. 
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 Table 1-1  Cockburn Sound Water Quality Objectives and Management Response 

Environmental 
Values 

Environmental 
Quality Objectives 

Environmental Quality 
Criteria 

Sensitivities Management Strategies 

Ecosystem health Maintain integrity (i.e. 
structure and 
function) of marine 
ecosystem. 

 Impacts on water 
quality in terms of 
contamination are 
kept within ANZECC/ 
ARMCANZ (2000) 
guidelines; 

 No marine pests are 
introduced. 

 The Inner Harbour is considered to be 
‘highly disturbed’ therefore allocated a 
Moderate LEP, which was also used 
during maintenance dredging carried 
out in 2003; 

 The majority of the waters surrounding 
Fremantle Port have been allocated a 
High LEP; 

 The impacts of the dewatering 
discharge from Rous Head have been 
assessed based on a High LEP. 

 Strategy 1 –Water Quality, 
Sedimentation and BPPH Management 

 Strategy 2 – Marine Fauna 
Management 

 Strategy 3 – Marine Pest Management 
 Strategy 4 – PASS Material and 

Potentially Contaminated Sediments 
Management 

 Strategy 5 – Spoil Ground 
Management 

 Strategy 6 – Hydrocarbon Management 
Fishing and 
aquaculture 

Fish and seafood 
(caught or grown) is 
of a quality safe for 
eating. 

 Relevant criteria from 
national foods 
standards code. 

 The Inner Harbour, Deep Water 
Channel and the proposed spoil ground 
areas are not heavily utilised by 
commercial fisheries, however the Inner 
Harbour is frequented by many species 
as part of their breeding and migration 
cycles 

 Fremantle Octopus operates a year 
round long line operation in shallow 
areas in the Gage Roads area where 
seagrass dominates the seabed habitat, 
(Department of Fisheries, pers. comm.). 
However, such dominated seagrass 
habitats are not found within the area of 
the proposed spoil ground. 

 Recreational fishing occurs in the Inner 
Harbour at North and South Moles, 
along Victoria Quay and at Rous Head. 

 The taking of shellfish from the Inner 
Harbour is prohibited. 

 

No commercial fishing or aquaculture 
activities occur in the vicinity of dredging 
areas or the offshore spoil ground. Controls 
to mitigate against impacts to recreational 
fishing include: 

 Strategy 1 –Water Quality, 
Sedimentation and BPPH Management 

 Strategy 2 – Marine Fauna 
Management 

 Strategy 3 – Marine Pest Management 
 Strategy 4 – PASS Material and 

Potentially Contaminated Sediments 
Management 

 Strategy 5 – Spoil Ground 
Management 

 Strategy 6 – Hydrocarbon Management 
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Environmental 
Values 

Environmental 
Quality Objectives 

Environmental Quality 
Criteria 

Sensitivities Management Strategies 

Water quality is 
suitable for 
aquaculture 
purposes. 

 Not relevant as no 
aquaculture activities 
take place in the 
vicinity of dredging 
areas or the proposed 
offshore spoil ground. 

 

Recreation and 
aesthetics 

Water quality for 
swimming, diving and 
boating is maintained 
outside of the Inner 
Harbour.  
 
Aesthetics are 
protected. 

 None developed as 
yet. 

 Inner Harbour is an important link 
between the Swan River estuary and 
nearby coastal waters, particularly for 
recreation boating activities. 

 For security reasons, public access to 
most of land based operational areas of 
the Inner Harbour is prohibited.  

 Public access to other areas, e.g. the 
North Mole, (including access to the 
disabled fishers platform), will remain 
unchanged. 

 Recreational swimming and diving 
occur in offshore Fremantle marine 
environment. 

 Swimming and diving are prohibited in 
the Inner Harbour. 

Impacts on recreational areas will be kept to 
a minimum and access will be maintained 
for passage through the Inner Harbour area. 
Community will be informed of project 
activities via an information sheet, article in 
local paper with details of a phone number 
for inquires. Recreational and aesthetic 
values will be protected via the following 
management strategies: 

 Strategy 1 –Water Quality, 
Sedimentation and BPPH Management 

 Strategy 4 – PASS Material and 
Potentially Contaminated Sediments 
Management 

 Strategy 5 – Spoil Ground 
Management 

 Strategy 6 – Hydrocarbon Management 
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1.7. Organisational Structure, Roles and Responsibilities 

As the proponent, Fremantle Ports is responsible for implementation of the proposal and adherence 
to the commitments made within the Draft DSDMP.  The management of the works will be via the 
Early Contract Involvement (ECI) strategy.  The ECI contracting strategy provides a relationship 
based approach that will enable the dredging contractor and Fremantle Ports to work together in a 
collaborative manner to deliver the project objectives that Fremantle Ports is seeking. 

Fremantle Ports will notify the Chief Executive Officer (CEO) of the Department of Environment 
and Conservation (DEC) of any changes of the name and address of the proponent for serving of 
notices or other correspondence within 30 days of such a change. 

Fremantle Ports will ensure that all persons engaged in the dredging, disposal and land reclamation 
activities, including the owner and person in charge of the dredging vessels, comply with the 
relevant permits and approvals and requirements under the relevant Acts and Guidelines. 

The key roles and responsibilities associated with the implementation of this Draft DSDMP are 
presented in Table 1-2. 
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 Table 1-2  Roles and Responsibilities during implementation of DSDMP 

Role Name and contact details Responsibilities 

Fremantle Ports Project 
Manager 

t.b.d  Overall responsibility for the project and implementation of the DSDMP; 
 Undertake the dredging and disposal activities in compliance with the DSDMP; 
 Communicates environmental requirements to the dredging contractor. 

 
Fremantle Ports Site 
Environmental Officer(s) 

t.b.d  Implements the day-to-day environmental management of the works including regular audits of the 
environmental performance of dredging and disposal activities; 

 Provides environmental advice with regards to the dredging, spoil disposal and land reclamation 
activities; 

 Responds to calls from community and records issues time, date and issues raised; 
 Coordinates environmental reporting; 
 Investigates and reporting of environmental incidents; 
 Implements the environmental monitoring programs; 
 Implements the vessel pest inspections; 
 Reports on areas of responsibility to the site environmental officer; 
 Provides advice regarding environmental issues as required. 

 
Dredging Contractor - 
Project Manager 

t.b.d  Undertakes the dredging and disposal activities in a manner consistent with the DSDMP; 
 Implements management measures as directed by the ECI Project Manager; 
 Ensures all dredging contractor staff and crew receive adequate environmental training; 
 Provides advice with regards to the environmental management of the dredging and disposal works; 
 Ensures that all equipment is maintained in an appropriate condition to minimise the risk of 

environmental incidents. 
 

All Persons    Conduct all work in adherence to this DSDMP; 
 Exercise a ‘Duty of Care’ to the environment; 
 Report all environmental incidents as soon as practically possible to the site environmental officer. 
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1.8. Stakeholder Consultation 

Extensive stakeholder consultation has been undertaken during the environmental assessment 
process for the project.  The key stakeholders engaged with specific reference to the dredging, land 
reclamation works and spoil disposal include the relevant Commonwealth and state regulatory 
bodies, local government authorities and other non-government organisations. 

Full details of this stakeholder engagement including the key outcomes are provided in Section 3 
of the Draft PER. 

1.9. Approval and Distribution 

The Final DSDMP will be made available to the public on request and will be placed on Fremantle 
Ports website. 
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2. Project Description 
2.1. Dredging Works 

Dredging will be undertaken to deepen the Deep Water Channel, Entrance Channel and Inner 
Harbour using a combination of a TSHD and cutter suction dredge CSD.  The dredged materials 
will be placed either into reclamation or in the offshore spoil ground by the TSHD.  In the outer 
(western) section of the Deep Water Channel and in the Entrance Channel and some areas of the 
Inner Harbour where consolidated material cannot be directly dredged by the TSHD, these 
materials will initially be crushed to between 10 mm and 100 mm sized particles using the CSD.  
The crushed material will be placed on the seabed directly behind the cutter and will then be 
removed by the TSHD and taken for disposal at the offshore spoil disposal ground or placed into 
reclamation.  Dredging contractors will not be permitted to pump materials from the CSD into 
hopper barges alongside.  

Approximately 3.1 million cubic metres of material will be dredged in total with approximately 
55% being unconsolidated sediments, mostly comprising sand with small proportions of gravel and 
mud, and the remaining 45% being consolidated materials comprising, cemented limestone.  The 
unconsolidated sediments will be used for land reclamation at Rous Head and the crushed 
limestone will mostly be transported to and disposed in the offshore spoil ground.  

The key elements of the project are provided in Table 2-1. 

 Table 2-1  Key Elements of the Inner Harbour Deepening Proposal 

Component Description 

Construction of a seawall 
around the reclamation 
area 

 20 weeks (prior to the dredging programme). This component of the 
works will be managed under the CEMP and therefore is only made 
reference to in the Draft DSDMP and is not considered further. 

Duration of Dredging  26 weeks. 

Deepening of Fremantle 
Port Inner Harbour  

 Dredging to a declared depth of RL -15.0 m (LWMF); 
 Removal of approximately 0.9 Mm P

3
P of dredged material. 

Deepening of the 
Entrance Channel 

 Dredging to declared depths between RL -16.1 m and RL -16.8 m 
(LWMF); 

 Removal of approximately 1.1Mm P

3
P of dredged material. 

Rous Head Reclamation 
Area 

 Placement of dredged material for reclamation of an area of 27 Ha of 
seabed (Stage 3); 

 Construction of a protective seawall 1000 m long. 
Deepening of Deep 
Water Channel 

 Dredging to declared depths between RL -16.5 and RL -18.0 m (LWMF) 
within an area up to 169 ha; 

 Removal of approximately 1.1 Mm P

3
P of dredge material. 

Proposed Offshore Spoil 
Ground 

 Placement of approximately 1.5 Mm P

3
P of dredged material within an area 

of approximately 150 ha (1.5 km2) located north of Gage Roads 
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Dredges to be used for the project will be operated by experienced dredging contractors and will 
employ best practice procedures using equipment designed and operated with environmental 
performance in mind.  Dredges will be equipped with appropriate online production and dredging 
visualisation as well as environmental devices such as a green valve designed to improve the 
efficiency and environmental performance of the vessel. 

2.2. Onshore Land Reclamation 

Unconsolidated sediments, typically clean sandy material dredged from the Deep Water Channel 
and the paleochannel in the Inner Harbour, will be used for land reclamation at Rous Head.  As part 
of the strategy for managing potentially contaminated sediments, all loose sediments up to 0.5 m 
below the seabed surface, will be placed in the reclamation area at Rous Head and subsequently 
capped with clean dredge fill. 

Detailed sampling and analysis has been carried out on the sediments to be dredged (see 
Section 3.5).  The majority of sediments - more than 90% - to be placed in onshore reclamation 
have been classified clean in accordance with the National Ocean Disposal Guidelines for Dredged 
Material (NODGDM; Environment Australia 2002), although elevated levels of some metals, 
pesticides and PAHs have been detected in fine surface sediments in the Entrance channel and 
Inner Harbour.  Further investigations were carried out to determine the suitability of these 
materials for reclamation and all parameters analysed were below the Contaminated Sites 
Management Series Health Investigation Levels (HILs) established for land identified for industrial 
use.  It was determined that the loose surface sediments in the Entrance channel and Inner Harbour, 
being less than 10% of the total materials to be dredged, would be suitable for placing into 
reclamation.  

The Inner Harbour surface sediments have also been identified as containing Potentially Acid 
Sulfate Soils (PASS) material during sediment chemistry investigations required to determine 
suitability of the material for reclamation.  To manage this, material placed in the hopper of the 
TSHD will be kept saturated during transport and disposal.  This will be achieved by raising the 
overflow system to the highest point.  The expected maximum time between dredging the materials 
and disposal to the land reclamation area will be less than 5 hours (2 hours return trip to, plus 3 
hours to load with dredged material).  This is less than the temporary stockpile handling time of 70 
hours recommended by the DEC, and in conjunction with sediments being kept saturated, is 
unlikely to result in oxidation and consequent acid production. 

All material placed in the reclamation area will be pumped via pipelines direct from the dredge to 
the reclamation area, and placed behind a rock armoured sea wall (Figure 2-1).  The sea wall will 
be lined on the inside with a geotextile liner to reduce leakage of the dredged material through the 
bund during the reclamation operations.  The sea wall will initially be constructed to a level above 



Dredging and Spoil Disposal Management Plan  Fremantle Ports Inner Harbour Deepening Project 
 

SINCLAIR KNIGHT MERZ      

 PAGE 13 

high water level in advance of the dredging to surround the reclamation area.  The final sea wall 
will be up to 6 m above high water.  The return water discharge from the reclamation area into the 
ocean will be located at a distance from the pipeline discharge point (reclamation inlet point) 
sufficiently large to allow for settling of the suspended material and dilution of return water so as to 
meet water quality guidelines. 

 
 Figure 2-1  Proposed Reclamation Area at Rous Head 

 
As the level of fill rises in the reclamation area, return water will discharge through overflow pipes 
into the sea adjacent to the existing sea wall. 

Suitable overflow boxes, compatible with the production volume of the dredged material, will be 
built into the seawall.  The reclamation area will provide sufficient capacity for settlement of the 
material and an allowance for bulking. 

The unconsolidated sediments, typically clean sandy material will be used for land reclamation at 
Rous Head.  The pre-crushed materials will be transported to and disposed in the offshore spoil 
ground.  Approximately 2 million cubic metres of material will also be dredged from the Inner 
Harbour and the Entrance Channel.  The loose surface material and sands in the paleochannel will 
be used for land reclamation at Rous Head, and pre-crushed materials from underlying cemented 
sediments will be transported to and disposed in the offshore spoil ground. 
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2.3. Offshore Spoil Placement 

Following the removal of loose overlying surface sediments, the underlying consolidated material 
will be crushed using the CSD to between 10 mm and 100 mm in size particles.  The crushed 
limestone will be placed either into the reclamation area or the offshore spoil disposal ground.  The 
spoil disposal ground lies within an existing mooring zone north of Gage Roads in an area of 
approximately 150 ha.  Up to 1.5 Mm3 of crushed material will be placed in the offshore spoil 
grounds.  Approximately 100,000 m3 of cemented sediments will be crushed in the outer section of 
the Deep Water Channel, with the remainder being dredged from the Entrance Channel and areas 
of the Inner Harbour.  The coordinates and location of the spoil ground boundary are shown in 
Table 2-2 and Figure 2-2. 

 Table 2-2  Coordinates of Offshore Spoil Ground 

Site Longitude Latitude 
NW corner 115°39.9858 -32°00.80417 
NE corner 115°40.87465 -32°00.81585 
SE corner 115°40.86918 -32°01.39215 
SW corner 115°39.98148 -32°01.38282 

Datum is WGS84 Zone 50 
 
Dredge material deposited in the offshore spoil ground will raise the seabed locally by up to three 
metres.  Therefore the placement of material will be to the deeper sections of the offshore spoil 
ground to ensure that large ships are able to pass freely over the area at completion of the dredging 
works.  A preliminary survey of the offshore disposal area shows significant areas of the existing 
seabed deeper than RL -19 m LWMF, and as deep as RL -23 m LWMF, which are considered 
suitable to receive the dredged material. 
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 Figure 2-2  Location of Offshore Spoil Ground 

 

2.4. Project Schedule 

Seawall construction is scheduled to commence in April 2009 and continue until September 2009.  
Seawall construction works will take place during daylight hours for 6 days per week (excluding 
Sundays and Public Holidays). 

Dredging works are proposed to commence in September 2009, following construction of the 
seawall to contain dredged material.  Dredging works will be continuous and operations will occur 
24 hours per day, seven days per week for the duration of the works, which is estimated to be 
approximately 26 weeks. 

Initially, the TSHD will operate alone to remove the loose surface materials and place this into the 
reclamation area at Rous Head.  The CSD and TSHD will operate in tandem to simultaneously pre-
crush underlying consolidated materials and remove these and unconsolidated sediments from the 
Deep Water Channel and the paleochannel in the Inner Harbour. 

 



Dredging and Spoil Disposal Management Plan  Fremantle Ports Inner Harbour Deepening Project 
 

SINCLAIR KNIGHT MERZ      
 
 PAGE 16 

3. Studies and Existing Marine Environment 
3.1. Overview 

A description of the existing marine environment at Fremantle Ports, and an assessment of the 
potential impacts of the Inner Harbour Deepening Project have been provided as part of the 
environmental impact assessment process.  This characterisation is based on current knowledge of 
the Fremantle Ports area and the results of detailed field studies.  Sections 4 and 6 of the Draft PER 
provide details of the existing marine environment and the results of the impact assessment. 

The following studies are of particular importance to the environmental management strategies for 
the dredging, land reclamation works and disposal activities: 

 Benthic Primary Producer Habitat (BPPH) Survey; 

 Marine Fauna; 

 Marine Pests; 

 Baseline Water Quality Monitoring; 

 Marine Sediment Sampling and Analysis; and 

 Sediment Plume Dispersion Modelling. 

 

3.2. Marine Parks and Reserves 

There are no marine protected areas within the areas to be dredged or the proposed spoil ground.  
The nearest marine parks are the Swan Estuary Marine Park to the east, Marmion Marine Park to 
the north (approximately 25 km) and the Shoalwater Islands Marine Park to the south 
(approximately 20 km). 

3.3. Benthic Primary Producer Habitat  

The distribution of BPPH in the Fremantle Port area is shown in Figure 3-1.  A detailed description 
of the BPPH in the Fremantle Port marine environment is provided in Section 4 of the Draft PER. 
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 Figure 3-1  Benthic Primary Producer Habitat Distribution 
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3.4. Marine Fauna 

The offshore coastal waters between Fremantle and Rottnest are used as a resting area by 
humpback whale (Megaptera novaeangliae) females with calves during the southern migration in 
mid-September through November.  Southern right whales (Eubalaena australis) are also 
occasionally seen in the Perth Metropolitan waters between mid May to the end of September, 
although the area is not recognised as a breeding or resting area. 

Advice from the DEWHA in regard to the issue of whales has been sought and advice has been 
given that deepening the Deep Water Channel and Entrance Channel is not likely to result in 
significant impacts upon migrating humpback whales.  The Environment Assessment Branch 
(EPBC Referrals Section) has given specific advice that timing restrictions for dredging works in 
the Deep Water Channel and Entrance Channel are not necessary.  However, they have noted that 
this only applies to dredging works and not to potential sea dumping activities and this will be an 
issue for assessment of the application for a sea dumping permit. 

Where possible, dredging activities will be avoided in the outer section of Deep Water Channel 
during the Humpback whale peak southern migration period between September and November.  A 
Whale Management Plan will be implemented if dredging activities are to occur during this period. 

There is a resident population of bottlenose dolphins (Tursiops truncatus) that frequent the Inner 
Harbour all year round.  Of key potential concern is maintaining access to the Swan River for these 
individuals.  The presence of a dredge vessel and dredging activities are unlikely to cause any 
restriction to the dolphins’ use of, and passage through, the Inner Harbour. 

Fish and crustacean species migrate seasonally between the Swan River and the Indian Ocean.  
Consultation with the Department of Fisheries (DoF) identified the need for a desktop assessment 
of fish migration for the area in the vicinity of the Inner Harbour dredging works.  A detailed 
description of the marine fauna in the study area is given in Section 4 of the Draft PER. 

3.5. Marine Pests 

As outlined in Section 4.5.2.5 of the draft PER, Fremantle Ports has undertaken baseline 
introduced marine pests studies.  In 1999, the European fan worm, Sabella spallanzanii, and the 
Asian date mussel, Musculista senhousia were identified as being established in the Inner Harbour.  
Several other introduced cryptogenic species were recorded, which are recognised as having been 
translocated to Australia but do not pose significant economic or environmental threats (CRIMP 
2000).  In 2007, the European fan worm was found to be less widespread as previously reported 
and no specimens of the Asian date mussel were found. 
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The successful establishment of an introduced species depends primarily on two factors: the 
frequency of immigrant arrivals (introduction) and their post-arrival mortality (survival).  Species 
are introduced primarily by one of three vectors: within vessel ballast water; fouling, that is, 
attached to hulls and other vessel structures, (for example, water intakes or sea chests and propeller 
shafts), and contained within residual sediment on dredges and flotsam in the well around the cutter 
boom and head of cutter section dredges or ballast tanks. 

3.6. Baseline Water Quality Monitoring  

Baseline water quality data in the project area has been collected to specifically address issues 
arising from the impact assessment process and focuses on the three locations: 

 Proposed offshore spoil ground (Gage Roads); 

 Hall Bank; and 

 North of the reclamation area at Rous Head. 

 

Due to inherent limitations associated with one parameter or measurement method, a range of 
techniques and measurement time scales were used.  Logging instrumentation gives good long-
term data, as long as instrument cleaning is effective.  Instantaneous readings and water samples 
validate logged readings and provide additional information to water quality conditions. 

Concentrations of total suspended solids (TSS) at Hall Bank, Rous Head and Gage Roads ranged 
from 0.6–6.1 mg/L, 0.25–8.0 mg/L and 0.25–8.2 mg/L, respectively (Table 3-1).  Over the 
monitoring period (October to April), the mean TSS concentrations were generally higher directly 
above the seabed, and in most cases significantly greater, than in surface and mid-water column. 

Daily median turbidity values from in situ loggers ranged from 0.1 to 58.8 NTU1 over the baseline 
monitoring period (see Table 3-1).  For the majority of the monitoring period NTU values 
remained relatively low, with daily median values generally below 2.0 NTU.  Periodic elevations in 
turbidity (peak events) were predominantly observed during or immediately after strong winds. 

Light Attenuation Coefficient (LAC) measurements were recorded by instantaneous LiCOR 
profiles.  LAC remained relatively low throughout the baseline period (0.06–0.09 m-1), although 
reduced light penetration resulting in an increase in LAC, was recorded during high turbidity and 
storm/strong wind events (Table 3-1). 

                                                      

1 NTU is an abbreviation for Nephelometric Turbidity Units 
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Data on baseline metal concentrations measured in the water column, were obtained as part of the 
2003 maintenance dredging monitoring program.  Concentrations measured at Rous Head adjacent 
to the return water discharge location demonstrated that the settling ponds and internal silt curtain 
effectively contained the sediment-bound tributyltin (TBT) and metals (SKM 2003). 

 Table 3-1  Water quality results from the baseline monitoring program (October 2007– 
November 2008) 

Water Quality Hall Bank 
(logged data) Hall Bank Rous Head Gage Roads 

(Spoil Ground) 
Total Suspended Solids (mg/L) 

Range not measured 0.6–6.1 0.25–8.0 0.25–8.2 

Median not measured 1.2 1.65 1.4 

Mean ±SE not measured 1.52 ± 0.11 1.72 ± 0.19 1.87 ± 0.17 

80th percentile not measured 2.0 2.6 2.2 

Turbidity (NTU) 

Range 0.1–58.8 0.2–1.9 0.2–1.2 0.2–3.3 

Mean ±SE 1.78 ±0.04 0.52 ± 0.03 0.47 ±0.04 0.73 ± 0.07 

80th percentile 2.4 0.7 1.2 0.9 

Light Attenuation Coefficient (m-1) 

Range 0.00–0.18 0.04–0.08 0.04–0.14 0.02–0.09 

Median 0.06 0.06 0.08 0.06 

Mean ±SE 0.06 ± 0.00 0.06 ± 0.00 0.08 ± 0.00 0.034 

80th percentile 0.08 0.06 0.09 0.07 

 

3.7. Sediment Quality 

A comprehensive sediment sampling and analysis plan (SAP) has been implemented in accordance 
with the NODGDM (Environment Australia 2002) to characterise contamination of sediments to be 
dredged.  In accordance with NODGDM, dredged material is considered ‘clean’ when composed 
largely (>95%) of sand, gravel, or rock or when dredging locations are distant from appreciable 
pollution sources.  Similarly, ‘potentially contaminated’ material is any material that is to be 
dredged which has contaminants above the NODGDM screening levels.  For capital dredging 
projects, potential contamination of sediments is generally confined to the top 0.5–1 m of loose 
(unconsolidated) sediments in locations close to appreciable pollution sources.  Previous 
investigations in Fremantle Port (and other ports) have typically found contaminants are located in 
close proximity to wharves and berths, with channels and outer anchorages generally ‘clean’. 
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The sampling and analysis methodology was developed in accordance with the NODGDM.  
Sediment quality results were compared with NODGDM guidelines values, which reflect the 
ANZECC/ARMCANZ (2000) guidelines values.  The Ecological Investigation Levels (DEP 2001) 
were used to determine suitability of material for land disposal. 

Where all marine sediment contaminants were below the NODGDM screening levels, no further 
testing was required.  Where sediment contaminants were above screening levels, but below 
NODGDM maximum levels, the following investigations were undertaken: 

 Elutriate testing: results were compared against water quality guidelines (a high level of 
ecological protection applies outside the reclamation area); 

 Ecotoxicity testing2: if water quality guidelines were exceeded, ecotoxicity studies were 
undertaken on elutriate samples to determine if return water is likely to be toxic; and 

 Modelling: if return water is likely to be toxic, then modelling was undertaken to determine the 
area of influence of the return water plume; and 

 Where the material contained contaminants above the NODGDM maximum levels, further 
sediment sampling was undertaken to delineate “hot spot” area(s). 

3.7.1. Deep Water Channel 

The material proposed to be dredged in the Deep Water Channel was classified as ‘probably clean’.  
This was demonstrated by the analytical results for the nearby proposed spoil ground, and the 
remote location of the Deep Water Channel.  Material to be dredged from Deep Water Channel is 
largely composed of coarse sand, with small amounts of gravel and limestone rock.  Deep Water 
Channel is approximately six kilometres away from the nearest potential sources of pollution, and 
is used only for ships in transit and has never been dredged previously. 

While there were no contaminants of concern or potential sources of pollution at Deep Water 
Channel, 22 locations were sampled there in accordance with the NODGDM (Environment 
Australia 2002).  Samples were analysed for a range of parameters to determine the presence of 
potential contamination, including metals and metalloids, TBT, pesticides and Polycyclic Aromatic 
Hydrocarbons (PAHs).  The location of the sample sites are shown in Figure 3-2. 

Deep Water Channel sediments did not exceed NODGDM screening levels for any parameter 
tested.  Therefore, sediments are considered ‘clean’ and suitable for unconfined offshore disposal 
and/or land reclamation. 

                                                      

2 Ecotoxicity testing was undertaken on at least five species from four taxonomic groups, as per 
ANZECC/ARMCANZ (2000). 
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 Figure 3-2  Location of Sample Sites within the Proposed Deep Water Channel Area 
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3.7.2. Entrance Channel 

The Entrance Channel sediments comprise a thin layer of loose sand overlying limestone rock and 
were initially classified as ‘probably clean’ due to their physical nature.  Eleven locations were 
sampled in the Entrance Channel to one metre depth, or core refusal, in accordance with the 
NODGDM (see Figure 3-3 for site locations).  Samples were analysed for a range of parameters, 
including metals and metalloids, tributyltin (TBT), pesticides and Polycyclic Aromatic 
Hydrocarbons (PAHs).  

At four of the eleven sampling locations, the Entrance Channel sediments had levels of TBT and 
PAHs above the NODGDM screening levels in the loose surface materials, and these sediments 
were therefore re-classified as ‘potentially contaminated’.  Further investigation of these sediments 
using elutriate testing was undertaken; results were compared with water quality guidelines to 
determine the risk to organisms in the water column during dredging and disposal activities.  
Results from elutriate testing showed TBT and PAH levels were below analytical detection limits.  
Therefore, it was resolved that there would be no risk to organisms in the water column resulting 
from dredging and disposal activities of this material. 

Although elutriate testing determined that the quality of unconsolidated surface sediments from the 
Entrance Channel met NODGDM guidelines for unconfined ocean disposal, and for land 
reclamation, where materials were classified as ‘potentially contaminated’ it was proposed that 
these be placed into the bunded reclamation area at Rous Head.  This section of the reclamation 
area would be first lined with a geotextile material, and the potentially contaminated sediments 
subsequently capped with clean fill.  A preliminary site investigation would then be carried out on 
the reclamation area upon completion of dredging, in accordance with the Contaminated Sites 
Regulations 2006. 
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 Figure 3-3  Location of Sample Sites within the Entrance Channel Area 
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3.7.3. Inner Harbour 

Sediment samples were collected at 26 locations in the Inner Harbour to one metre depth or core 
refusal.  The location of the sample sites are shown in Figure 3-4.  Sediments were collected from 
surface (0–50 cm) and sub-surface (50–100 cm) depths.  Samples were analysed for a range of 
parameters to determine the nature and extent of potential contamination, and the viability of 
depositing dredged material from the Inner Harbour into the proposed reclamation area at Rous 
Head.  Parameters measured were metals and metalloids, TBT, pesticides and PAHs. 

Surface sediments in the Inner Harbour were found to contain elevated levels of some metals, TBT, 
pesticides and PAHs when compared with NODGDM screening or maximum levels, and were 
therefore classified as ‘potentially contaminated’.  All parameters analysed in the Inner Harbour 
surface sediments were, however, below the Contaminated Sites Management Series Health 
Investigation Levels (HILs), established for land zoned for industrial purposes.  Therefore, the 
material was determined to be suitable for reclamation at Rous Head. 

As part of the management strategy for ‘potentially contaminated’ materials, all loose surface 
sediments from the Inner Harbour will be placed into the bunded reclamation area at Rous Head.v 
The bunded section of the reclamation area will lined with a geotextile material and then capped 
with clean dredge material.  A preliminary site investigation will be carried out on these sediments 
upon completion of dredging, in accordance with the Contaminated Sites Regulations 2006. 

Elutriate testing indicated that arsenic exceeded the ANZECC/ARMCANZ (2000) guideline for 
marine water quality at the 99% species protection level.  This is a highly conservative guideline 
termed the low reliability trigger value.  It is estimated that a dilution factor of 3.6 is required to 
bring arsenic concentrations in the return water to a level below this trigger value. 

Arsenic has therefore been identified as a parameter that will be monitored in the return water 
during disposal of dredged material.  During previous (2003) dredging of similar material from the 
Inner Harbour, and disposal to land reclamation at Rous Head, monitoring of arsenic demonstrated 
that levels in the return water remained below the low reliability trigger value at the discharge point 
and outside the silt curtain. 

The presence of potential acid sulphate soils (PASS) was also examined within Inner Harbour 
sediments to be dredged.  The results from the Net Acidity testing were compared to the action 
criterion of 0.03% sulphur, as outlined in the Draft Identification and Investigation of Acid 
Sulphate Soils (DoE 2006).  The results of the PASS investigation showed that Net Acidity ranged 
from 0.04% to 0.47%.  As such, the action criterion was exceeded at each sampling location, and 
indicates the presence of PASS.  These materials will be managed such that they remain saturated 
at all times during dredging and placement into reclamation at Rous Head to prevent acidification.  
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Further details of the management strategy for PASS material and potentially contaminated 
sediments is given in Section 4.4. 

 
 Figure 3-4  Location of Sample Sites within the Inner Harbour and Rous Head Areas 
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3.7.4. Rous Head Land Reclamation 

Sediment samples were collected at four locations at Rous Head to determine the nature and extent 
of potential contamination at the proposed reclamation area (Figure 3-4).  Analytical parameters 
included metals and metalloids, TBT, pesticides and PAHs. 

All parameters analysed from Rous Head sediments were below the Contaminated Sites 
Management Series Health Investigation Levels (HILs) established for land zoned for industrial 
use. 

3.8. Sediment Plume Dispersion Modelling and Impact Assessment 

Sediment plume dispersion modelling for the dredging and disposal activities (as presented in 
Section 6.4.4.2 of the draft PER) has been undertaken to assess potential impacts on BPPH from 
elevated TSS, and subsequent reduction in light availability.  Seagrass thresholds have been applied 
to the results of the sediment plume dispersion modelling to define areas where reduced light 
availability (measured as LAC) may be detected during dredging activities, and where seagrass 
may potentially suffer an effect/stress (sub-lethal) or impact (mortality).  These zones of potential 
impact, potential effect and potential influence for each dredge scenario across the project area are 
shown in Figure 3-5, Figure 3-6 and Figure 3-7. 

 



Dredging and Spoil Disposal Management Plan  Fremantle Ports Inner Harbour Deepening Project 
 

SINCLAIR KNIGHT MERZ      
 
 PAGE 28 

 
 Figure 3-5  Benthic Primary Producer Habitat Loss – Dredging Commencing in January
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 Figure 3-6  Benthic Primary Producer Habitat Loss – Dredging Commencing in 

September
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 Figure 3-7  Benthic Primary Producer Habitat Loss – Dredging Commencing in 

November
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3.9. Risk Assessment 

The Risk Assessment method used to identify potential environmental impacts associated with the 
Inner Harbour Deepening Project is based on standard risk assessment procedures (AS/NZS 4360: 
2004).  The identification and assessment of risk is embedded in Fremantle Port’s critical business 
processes and guides the implementation of activities to ensure consistency and comparability 
across operations. 

The risk tables presented in each of the following management areas present the residual 
environmental risk that has been determined.  It is important to note that the residual risk represents 
the risk after the proposed management measures have been implemented. 

Within the tables, the consequence factor is defined as a measure of the expected degree of gain, 
harm, injury or loss (impact) from the most severe event associated with a risk issue (Table 3-2).  
The consequence factor includes several impact types: health and safety; natural environment; 
social/cultural heritage; community/government/reputation/media; and legal. 

The likelihood factor is defined as a measure of the chance of an impact at that selected level of 
severity actually being incurred (Table 3-3).  The likelihood is assessed assuming reasonable 
effectiveness of existing and tested preventative controls.  For this proposal, the severity factor was 
assigned after consideration of the proposed management measures. 

The risk ranking matrix used to determine the level of residual risk is provided in Table 3-4. 

 



Dredging and Spoil Disposal Management Plan  Fremantle Ports Inner Harbour Deepening Project 
 

SINCLAIR KNIGHT MERZ      
 
 PAGE 32 

Table 3-2  Consequence descriptions 

C Category Protected 
species 

Marine primary 
producers Ecological diversity Water quality Marine sediment 

quality 
Soil and ground 

water 
contamination 

Protected areas Cultural Compliance 

A+ Catastrophic Eradication of 
local population. 
Loss of critical 
habitats or 
activities. 
Eradication of 
local population/s. 
Mass mortality of 
fauna and flora. 
Loss of critical 
habitats. 

Permanent 
eradication of 
primary 
producers on a 
regional scale. 

Permanent effects on 
ecosystem diversity 
on a regional scale. 

Continuous or 
regular 
contamination to 
water quality above 
national/ 
international 
standards &/or 
known biological 
effect concentrations 
on a regional scale 
(> 100 km2). 

Permanent 
contamination above 
background &/or 
national / international 
quality standards &/or 
known biological effect 
concentrations on 
large -regional scale. 

Permanent off site 
contamination of 
ground water &/or 
soil. Cost effective 
treatment not 
possible  
Damage to the 
environment or 
human health. 

Significant 
permanent effect 
on one or more of 
protected areas 
values. 

Significant 
permanent impact 
on aesthetic, 
economic or 
recreational values 
Overall societal 
benefits do not 
outweigh impacts. 

Continuous licence / 
regulatory exceedances 
Fines or prosecutions 
incurred / expected. 

A Massive Extensive impact 
on population (s). 
Significant impact 
on critical habitats 
or activities. 
Significant 
mortality of fauna 
and flora. 
Significant impact 
on critical habitats. 

Large scale and 
long term effects 
Recovery > 10 
years or 
permanent. 

Large scale long term 
effects on ecosystem 
diversity Recovery > 
10 years or 
permanent. 

Continuous or 
regular discharge 
with contamination 
above background 
&/or national / 
international quality 
standards &/or 
known biological 
effect concentrations 
on large scale (10–
100 km2). 

Long term 
contamination above 
background &/or 
national / international 
quality standards &/or 
known biological effect 
concentrations on 
large scale. 

Extensive off site 
contamination of 
ground water &/or 
soil. Treatment 
difficult / expensive 
Potential threat to 
the environment or 
human health. 

Significant long-
term effect on one 
or more of 
protected areas 
values. 

Significant long term 
impact on aesthetic, 
economic or 
recreational values 
Overall societal 
benefits do not 
outweigh impacts. 

Regular or ongoing 
licence / regulatory 
exceedances 
Fines or prosecutions 
likely. 
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C Category Protected 
species 

Marine primary 
producers Ecological diversity Water quality Marine sediment 

quality 
Soil and ground 

water 
contamination 

Protected areas Cultural Compliance 

B Major Minor disruption to 
a significant 
portion of the 
population. Minor 
impacts on critical 
habitats or 
activities. No 
threat to overall 
population 
viability. Disruption 
to a significant 
portion of the 
population. Major 
mortality of fauna 
and flora. Major 
impacts on critical 
habitats. 

Localised but 
long term effect 
Recovery > 10 
years or 
permanent. 

Localised but long 
term effect on 
ecosystem diversity. 
Community/habitat 
maintains ecological 
integrity though an 
unacceptable change 
in species 
composition may 
occur 
Localised long term or 
widespread medium 
term effect on 
ecosystem diversity. 
Regional ecological 
diversity maintained 
though an 
unacceptable change 
in species 
composition may 
occur. 

Continuous or 
regular discharge 
with contamination 
above background 
&/or national / 
international quality 
standards &/or 
known biological 
effect concentrations 
on medium scale (1–
10 km2). 

Short to medium term 
contamination above 
background &/or 
national / international 
quality standards &/or 
known biological effect 
concentrations on 
large scale. 

Extensive 
contamination of 
ground water &/or 
soil, offsite 
contamination 
probable, treatment 
difficult / expensive  
Limited threat to the 
environment or 
human health. 

Minor but long 
term or permanent 
effect on one or 
more of protected 
areas values. 

Moderate impact on 
aesthetic, economic 
or recreational 
values. Overall 
societal benefits do 
not outweigh 
impacts. 

Repeated  licence / 
regulatory / target / 
exceedance 
No fines or 
prosecutions. 

C Moderate Minor disruption or 
impact on a small 
portion of the 
population. Minor 
and temporary 
impact on critical 
habitat or activity. 
No threat to 
overall population 
viability. Moderate 
disruption or 
impact on a small 
portion of the 
population. 
Moderate mortality 
of fauna and flora. 
Minor and 
temporary impact 
on critical habitat. 

Localised and 
medium term 
effect 
Recovery 5 - 10 
years. 

Localised medium 
term effect on 
ecological diversity. 
Community/habitat 
maintains ecological 
integrity though an 
acceptable change in 
species composition 
may occur 
Regional ecological 
diversity maintained 
though a tolerable 
change in species 
composition may 
occur. 

Continuous or 
regular discharge 
with contamination 
above background 
&/ or 
national/international 
quality standards &/ 
or known biological 
effect concentrations 
on local-medium 
scale ( < 10 km2). 

Short-medium term 
contamination above 
background &/or 
national / international 
quality standards &/or 
known biological effect 
concentrations on 
medium scale. 

Moderate 
contamination of 
ground water or soil, 
contained within site 
boundary, treatment 
difficult / expensive. 
No threat to the 
environment or 
human health. 

Minor and medium 
term effect on one 
or more of 
protected areas 
values 
Full recovery 
expected. 

Moderate impact on 
aesthetic, economic 
or recreational 
values, but overall 
societal benefits 
outweigh impacts. 

Frequent  licence / 
regulatory / target / 
exceedance 
No fines or 
prosecutions. 
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C Category Protected 
species 

Marine primary 
producers Ecological diversity Water quality Marine sediment 

quality 
Soil and ground 

water 
contamination 

Protected areas Cultural Compliance 

D Minor Minor and 
Temporary 
disruption to small 
portion of the 
population. No 
impact on critical 
habitat or activity. 
Minor mortality of 
fauna and flora. 
Limited permanent 
loss of habitat. No 
impact on critical 
habitat. 

Localised and 
short term effect 
on key primary 
producers 
Recovery < 5 
years. 

Localised and short - 
medium term effect 
on ecological diversity
Full recovery 
expected 
Localised short to 
medium term or 
limited permanent 
effects on ecological 
diversity. 
Limited impacts or full 
recovery expected. 

Temporary 
discharge with 
contamination above 
background levels & 
or national/ 
international quality 
standards &/ or 
known biological 
effect concentrations 
on local scale ( < 1 
km2). 

Temporary 
contamination above 
background &/or 
national / international 
quality standards &/or 
known biological effect 
concentrations on 
local-medium scale.  

Minor contamination 
of ground water or 
soil, contained 
within site boundary, 
readily treated. No 
threat to the 
environment or 
human health. 

Minor and short 
term effect on one 
or more of 
protected areas 
values 
Full recovery 
expected. 

Minor and 
temporary impact on 
aesthetic, economic 
or recreational 
values. 

Occasional licence / 
regulatory / target 
exceedance. No fines or 
prosecutions. 

E Slight Negligible Effect. Negligible 
Effect. 

Negligible Effect. Negligible Effect. Negligible Effect. Negligible Effect. Negligible Effect. Negligible Effect. Negligible Effect. 
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 Table 3-3  Likelihood descriptions 

L Description Historical Frequency 
(continuous operation) 

Probability 
(single activity) 

5 Likely Has always occurred during 
previous projects 

More than once a year at 
location or continuously 

> 1 in 10 

4 Quite Likely Has occurred  frequently in 
previous projects 

Once every 1 - 10 years at 
location 

1 in 10 – 100 

3 Possible Has occurred occasionally 
in previous projects 

Once every 10 - 100 years at 
location 

1 in 100 - 1,000 

2 Unlikely Has occurred once or twice Once every 100 - 1,000 years 
at location 

1 in 1,000 - 10,000 

1 Highly 
Unlikely 

Has been known to occur in 
previous projects 

Once every 1,000 - 10,000 
years at location 

1 in 10,000 - 100,000 

0 Remote Unheard of in previous 
projects 

Once every 10,000 to 
1000,000 years at location 

1 in 100,000 - 1,000,000 

 

 Table 3-4  Risk ranking matrix 
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4. Management Strategies 
Fremantle Ports has adopted a qualitative risk-based approach in order to systematically determine 
the relevant environmental factors for the Inner Harbour Deepening Project.  An internal 
environmental risk assessment identified known and potential environmental risks that may arise 
during the dredging, spoil disposal and land reclamation activities, followed by a process that 
established suitable measures to eliminate, reduce or mitigate the identified risks.  The approach 
examined the ecological significance of each risk and potential impact by assessing the spatial and 
temporal scale, magnitude or intensity, along with the relevance of natural impacts on the habitat. 

The following management strategies have been developed to manage the potential impacts 
identified in the Draft PER: 

 Management strategy 1 – Water Quality, Sedimentation and BPPH Management; 

 Management strategy 2 – Marine Mammal Management; 

 Management strategy 3 – Introduced Marine Pest Management; 

 Management strategy 4 – PASS Material and Contaminated Sediments Management; 

 Management strategy 5 – Proposed Spoil Ground Management; and 

 Management strategy 6 – Hydrocarbon Spills Management.  

 

4.1. Management Strategy 1 – Water Quality, Sedimentation and Benthic 
Primary Producer Habitat 

4.1.1. Background and Goal 

BPPH distribution in the project area is shown in Figure 3-1.  Sediment plume modelling 
(Section 3.8) has been undertaken to determine the zones of influence, effect and impacts in BPPH 
arising from dredging in different seasons (Figure 3-5, Figure 3-6 and Figure 3-7).  The goals of 
Management Strategy 1 - Water Quality, Sedimentation and Benthic Primary Producer Habitat 
Management are: 

 To minimise the intensity, temporal and spatial extent of increases in TSS levels and 
subsequent effects on light availability; 

 To minimise the risk of impacts to BPPH from reduced light availability; 

 To minimise the risk of impacts on BPPH and other fauna from increased sedimentation rates; 
and 

 To ensure that any impacts to seagrass communities are kept within the approved loss limits. 
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Management of potential impacts on water quality from the dredging of PASS material is outlined 
in Section 4.4. 

4.1.2. EPA Objectives 

To protect the environmental values of the Port including: 

 Maintaining the structure and functions of marine ecosystems; 

 Ensuring water quality is safe for recreational activities; 

 Ensuring water quality is sufficient that any seafood caught or grown in the area is of a quality 
safe for eating; and 

 Minimising the risk to the environment arising from dredged sediment plumes by maintaining 
an acceptable water and sediment quality. 

 

To maintain ecological function, abundance, productivity and biodiversity in accordance with EPA 
Guidance Statement No. 29. 

Fremantle Ports will also aim to protect environmental quality objectives (EQOs) defined in the 
Environmental Quality Criteria Reference Document for Cockburn Sound (2003 – 2004). 

4.1.3. Risk Assessment 

Potential Impact Consequence Likelihood Risk 

Decreased light levels resulting in sub lethal 
stress/mortality to seagrass.  

Minor Possible Medium 

Increased TSS level resulting in a reduction in water 
quality values. 

Minor Possible Medium 

Increase sedimentation rates resulting in impacts to 
seagrass. 

Minor Quite Likely Medium 

 

4.1.4. Key Performance Indicators 

The relevant KPIs for this management strategy are: 

 Zero exceedance of the BPPH Management Unit limits of approved seagrass loss; and 

 No significant change to seabed bathymetry outside of the disposal area boundaries. 

 



Dredging and Spoil Disposal Management Plan  Fremantle Ports Inner Harbour Deepening Project 
 

     SINCLAIR KNIGHT MERZ 

PAGE 38  

4.1.5. Management strategies 

4.1.5.1. Proactive Management 

The following management measures will be implemented throughout the dredging, spoil disposal 
and land reclamation program. 

Planning stage: 
 
 Minimise the amount of area to be dredged; 

 Minimise the amount of material to be disposed of in the proposed spoil ground; and 

 Select disposal and reclamation areas in locations of minimal BPPH. 

 
Dredging and Offshore Spoil Disposal: 
 
 A turbidity reducing (green) valve will be used within the overflow pipe of the TSHD; 

 Overflow levels will be raised to the highest point during spoil transport to ensure minimum 
spillage of sediment; 

 Hopper door seals will be maintained in good condition to ensure minimum loss of sediment 
during transport; 

 During crushing crushed material to be retained within the dredging footprint; 

 Sailing routes will be selected to minimise the generation of propeller wash; 

 Hopper de-watering is to be confined to the dredging and spoil disposal areas; and 

 Well maintained and properly calibrated dredging vessels will be used.  Vessels will include 
features such as on-line visualisation of bathymetric charts, loading diagrams, production 
statistics and vessel movement. 

 
Land Reclamation: 
 

 The seawall will be constructed in advance of the dredging and reclamation works around the 
reclamation area.  If required, intermediate bunds will be constructed within the reclamation 
area to subdivide the overall reclamation area into two or more settlement basins; 

 The rock armoured seawall will be constructed to a height of +6.5 m CD and will be lined on 
the inside with a geotextile liner to reduce leakage of the fines through during the reclamation 
operations; 

 The design and operation of the reclamation will be used as the main management measure to 
reduce the TSS being discharged into the marine environment.  The layout of the reclamation 
will take into account the dredging plant production rates, pumping capacity and pipe diameter 
proposed by the dredging contractor; 
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 A suitable control (e.g. weir box) will be used at the discharge point to control the water level 
and the rate of discharge; and 

 A silt curtain will be placed at the discharge point to minimise turbidity of the return water in 
the adjacent waters. 

 
Pipeline: 
 

 Well maintained floating pipelines will be used to minimise leakage of turbid water during 
pumping of material to the reclamation area; 

 Pipeline flow controls and inline monitoring will be utilised; 

 Any leaks will be repaired as soon as practicable; and 

 Pumping will stop as soon as any major ruptures are identified (within the operational 
constraints of the equipment). 

 
4.1.5.2. Contingency Management 

Contingency management will be instigated if seagrass shoot density declines below trigger limits 
described in Section 5.2.  Four tiers of management action (described below) are proposed 
depending on the scale of potential seagrass shoot density loss attributable to the dredging program. 

4.1.5.3. Management Measures 

Management actions to limit seagrass shoot density decline as a result of the dredging program are: 

Level 1 Management 

TSHD 
 Maximise overflow level; 

 Utilise favourable tides/weather/currents to minimise impacts; 

 Minimise draining of excess water on route to dumpsite (subject to operation safety); and 

 Reduce prop-wash by managing the loading sequencing. 

 

CSD/Backhoe/Dragline/Clamshell 
 Relocate the dredge from sensitive areas; 

 Deploy silt curtain at return outlet of land reclamation area; and 

 Install additional internal bunding in land reclamation area to increase water retention. 

 

Level 2 Management 
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Continue implementing Level 1 Management strategies plus: 

TSHD 
 Reduce loading times. 

 

CSD/Backhoe/Dragline/Clamshell 
 Utilise favourable tides/weather to minimise impacts. 

 

Level 3 Management 

Continue implementing Level 2 Management strategies plus: 

TSHD 
 Reduce overflow; 

 No overflow in areas where plume will be directed towards affected area; and 

 Trial single shift dredging and review impact. 

 

CSD/Backhoe/Dragline/Clamshell 
 Trial single shift dredging and review impact 

 

Level 4 Management 

 Consult with DEC; and 

 Temporarily cease dredging. 

 

In addition to management measures to limit impacts to seagrass, community concerns will be 
responded to through consultation measures including preparation of notices for local papers about 
the project, including a phone number to call for information.  Calls will be logged and reported. 

4.1.6. Monitoring 

The following monitoring activities will be undertaken throughout the life of the project: 

 Seagrass Health Monitoring Program (Section 5.2); 

 Water Quality Monitoring Program (Section 5.6); and 

 Complaints. 
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4.1.7. Reporting 

Reporting activities that will be applicable under this management strategy are: 

 Water quality reports as per Section 5.9; 

 Seagrass health reports as per Section 5.9; 

 Report on exceedances and management responses as per Section 5.9; and 

 Complaints. 
 

4.2. Management Strategy 2 – Marine Mammal 

4.2.1. Background and Goal 

The offshore coastal waters between Fremantle and Rottnest are used as a resting area by 
humpback whale (Megaptera novaeangliae) females with calves during the southern migration in 
mid-September through November.  Southern right whales (Eubalaena australis) are also 
occasionally seen in the Perth Metropolitan waters between mid-May to the end of September, 
although the area is not recognised as a breeding or resting area. 

Advice from the DEWHA in regard to the issue of whales has been sought.  DEWHA has advised 
that deepening the Deep Water Channel and Entrance Channel is not likely to result in significant 
impacts upon migrating humpback whales. 

A resident population of bottlenose dolphins (Tursiops truncatus) frequent the Inner Harbour all 
year round.  Maintaining access to the Swan River for these individuals is a priority.  The presence 
of a dredge vessel and dredging activities are unlikely to cause restriction to the dolphins’ use of, 
and passage through, the Inner Harbour.  The goal of the Marine Mammal Management Strategy is: 

 To detect and mitigate against any impacts on marine mammals resulting from the dredging, 
spoil disposal and land reclamation activities. 

 

4.2.2. EPA Objective 

The EPA objective for marine fauna is to maintain the abundance, diversity, geographic 
distribution and productivity of marine fauna through the avoidance or management of adverse 
impacts that could occur due to dredging, dredge spoil disposal and land reclamation activities. 
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4.2.3. Risk Assessment 

Potential Impact Consequence Likelihood Risk 

Direct striking of cetaceans causing injury or mortality  Slight Unlikely Low 

Impacts to cetaceans from noise generated by the 
dredging vessels 

Minor Highly Unlikely Low 

Disruption to migration patterns Slight Unlikely Low 
 

4.2.4. Key Performance Indicators 

The relevant KPIs for this management strategy are: 

 No injury or mortality incidents for marine mammals. 

 

4.2.5. Management 

Due to their intelligent and mobile nature, the risk of direct strike with dolphins is considered low.  
As such, not all management measures described here will apply to dolphins.  Management to be 
applied as a result of dolphin sightings will be made on a case by case basis and will be based on 
the individual dolphin’s behaviour at the time. 

In the event that dredging occurs in the Deep Water Channel during the peak humpback whale 
migration period (mid September – November) a whale management plan will be implemented.  
Key actions of the whale management plan are given below. 

Prior to commencement of dredging activities, all crew will receive training from a qualified 
person.  This training will include details of procedures to be followed in the event of whale 
sighting, injury or death. 

All sightings of whales will be recorded. 

 Whale observation and response procedures, including the application of a 300 m exclusion 
zone from the dredge will be implemented if dredging in the Deep Water Channel during peak 
southern migration periods for humpback whales.  A lookout will be maintained for whales 
when dredging and while the dredge sails between the dredging area and spoil ground; 

 In the event that a whale is sighted within the 300 m exclusion zone, vessels speeds and 
direction will be adjusted to avoid impacting on the observed individual (within the safety 
constraints of the vessel); 
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 The dredge pump will be stopped as soon as possible after completion of dredging.  Where 
practical and within the requirements of the dredging operations, the drag head will not be 
lifted more than four metres above the seabed until the dredge pump is stopped; 

 Dredging and/or disposal activities will not resume until 15 minutes after whales have cleared 
the 300 m exclusion zone from the dredge; and 

 Any impacts will be documented to record location, time, tide conditions, weather conditions, 
number of individuals involved, corrective action undertaken and preventative action proposed 
for ongoing dredging to reduce risks. 

 

4.2.6. Monitoring 

The following monitoring activities will be undertaken during the peak humpback whale migration 
period (September to November): 

 Whale activity will be monitored throughout the dredging and spoil disposal works as part of 
the marine fauna management procedures. 

 

4.2.7. Reporting 

Reporting activities that will be applicable under this management strategy are: 

 Sightings of whales will be recorded; 

 Reports on management responses; and 

 Injury or mortality incidents whales will be reported to the DEC and DEWHA within 24 hours. 

 
4.3. Management Strategy 3 – Introduced Marine Pest 

4.3.1. Background and Goal 

Introduced marine pests can be described as ‘non-endemic invasive species that are nationally and/ 
or internationally regarded as representing a significant environmental, economic or social threat.  
Introductions are likely to impact on biodiversity, marine based economic activities (fisheries, 
aquaculture, tourism) and social aspects that include public health and coastal amenity.’ 

Fremantle Ports has undertaken a baseline introduced marine species study in conjunction with 
CSIRO’s Centre for Research on Introduced Marine Pests (CRIMP) in April and May 1999 
(CRIMP 2000).  Of the Australian Ballast Water Management Advisory Council (ABWMAC) 
listed marine pest species, only two were found within the Fremantle Port survey area – the 
European fan worm (Sabella spallanzanii) and a small infaunal mussel (Musculista senhousia).  In 
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addition, the dinoflagellate species Alexandrium tamarense was detected in low concentrations 
(CRIMP 2000).  No other ABWMAC pest species were recorded. 

 The European fan worm was found throughout the CRIMP survey area, notably in Rous Head 
Harbour, North Quay and at channel marker 10 (CRIMP 2000).  The population within Rous 
Head Harbour is of particular concern as sightings indicated the presence of large numbers of 
juvenile worms coating the pylons at all depths.  S. spallanzanii causes major fouling on 
anthropogenic structures and may prevent settlement of other organisms.  When present in 
high densities, S. spallanzanii may adversely affect shellfish culture operations which rely on 
settlement of wild spat either by reducing the available surface for settlement or by reducing 
the availability of planktonic food in the water column (CRIMP 2000); 

 M. senhousia was found in the Inner Harbour, Southern Flats of Cockburn Sound and the 
Northern Bank Area (CRIMP 2000).  This opportunistic bivalve can colonise anthropogenic 
structures as well as forming thick mats of byssus that anchor into the soft sediment habitats, 
out-competing resident biotic communities (Crooks 1998); and 

 Several other introduced and cryptogenic species were recorded. These are recognised as 
having been translocated to Australia but do not pose significant economic or environmental 
threats (CRIMP 2000). 

 
In 2007 Fremantle Ports partnered with the DoF to reassess the abundance and distribution of the 
previously identified marine pest species.  The European fan worm was not as widespread as 
previously reported and no specimens of the Asian date mussel were found.  Fremantle Ports will 
continue to work with DoF in monitoring marine pest species. 

The DoF class dredge vessels as high risk vessels for the translocation of introduced marine species 
via hull/internal fouling.  Key vectors where marine pests may be present on dredges include:  

 Ballast water; 

 Fouling on the vessel hull / external niches; 

 Fouling on internal niches (for example, sea water strainers); 

 Fouling on dredge equipment (for example, drag heads, anchors); and 

 Sediments. 

 

The goal of this management strategy is to prevent the introduction of marine pests to the marine 
environment via vessels and associated immersible equipment engaged in dredging activities. 
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4.3.2. EPA Objective 

The EPA’s objective for introduced marine pests is to maintain ecological function, species 
diversity and geographic distribution of marine biota by preventing the introduction of marine pests 
into Western Australian territorial waters. 

4.3.3. Risk Assessment 

Potential Impact Consequence Likelihood Risk 

Introduction and establishment of a marine pest species 
and associated impacts. 

Major Highly Unlikely Medium 

 

4.3.4. Key Performance Indicators 

The relevant KPIs for this management strategy are: 

 No work undertaken with any vessel classified as high risk (via risk assessment); and 

 Zero detection of introduced marine pests or sediments during vessel inspections conducted at 
Fremantle Port. 

 

4.3.5. Management Strategy 

Fremantle Ports will adhere to all legal regulations with respect to marine pests and will be require 
contracts to also obey regulations.  In addition, Fremantle Ports will be proactive in developing 
protocols for managing ballast water and biofouling.  For example, there have been AQIS 
requirements for a number of years on exchanging international ballast water at sea if it is to be 
discharged in a port.  These requirements will be mirrored for vessels coming into the port for the 
development from interstate locations (within the safety constraints of the vessels). 

The Biosecurity and Agricultural Management Act 2007 (BAM Act) governs all aspects of 
biosecurity in the marine environment.  The DoF is currently drafting regulations to accompany 
this Act.  The content of the regulations and the date that they will come into effect are not yet 
known.  It is however expected that the regulations will include risk assessment requirements and 
inspections for biofouling on vessels intending to visit Western Australian waters. 

Management of introduced marine pests will be achieved through the following vessel arrival 
clearance, invasive marine species response and vessel departure clearance processes. 

4.3.5.1. Vessel Arrival Clearance 

Implement the Vessel Clearance Procedure by: 
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 Assessing the risk that the vessel is infested with introduced marine pests based on a thorough 
environmental risk assessment supported by documentation demonstrating the record of hull 
cleaning, antifouling treatment, ship activity profile and location of each vessel since the most 
recent hull cleaning, as well as other relevant details; 

 Vessel inspections of all high risk vessels before mobilisation to site by an appropriately 
qualified marine scientist/appropriately qualified expert to ensure that: (1) there is no sediment 
in the dredging equipment and (2) any marine pest on or in any vessels or associated 
equipment have been removed or treated; 

 Cleaning and re-inspection of vessels and associated equipment, followed by an inspection 
carried out by an appropriately qualified marine scientist/appropriately qualified expert, 
accompanied by a DoF Officer, before coming to site where infestation of introduced marine 
pests are found prior to mobilisation; and 

 Inspections of vessels mobilising from outside of Western Australian state waters within 48 
hours after arrival on site. 

 

Vessel clearance will comply with Australian Quarantine Inspection Service (AQIS) mandatory 
ballast water requirements and hull fouling in accordance with DAFF (2008) National biofouling 
management guidelines for non-trading vessels. 

4.3.5.2. Invasive Marine Species Reponses 

In the event that introduced marine pests or significant amounts of fouling organisms or sediment 
(as deemed by the inspector) are found on a vessel during the arrival inspection at Fremantle Port, 
the following actions will be taken: 

 Immediate notification of DoF, AQIS and DEC; 

 Transference of the vessel from the port to an area with a water depth of at least 200 m (within 
the constraints of the vessel’s operational capabilities); 

 Cleaning/treatment of the vessel and re-application of the Vessel Clearance Procedure before 
remobilisation to site.  In this case the vessel would automatically be considered high risk; 

 Under no circumstances will the vessel be cleaned ‘in water’ within Western Australian state 
waters; and 

 Review the current monitoring program in consultation with the DoF and the DEC, and 
implement it to detect the establishment of any introduced marine pests in the waters 
surrounding the Port. 
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4.3.5.3. Vessel Departure Clearance: 

For vessels travelling to another location within Western Australian state waters, a vessel 
inspection will be undertaken before the vessel departs to ensure that: (1) there is no sediment in 
the dredging equipment; and (2) there are no biofouling organisms on or in any vessels or 
associated equipment. 

4.3.6. Monitoring 

The following monitoring activities will be undertaken throughout the life of the project: 

• No monitoring activities required after successful vessel clearance. 

4.3.7. Reporting 

Reporting activities that will be applicable under this management strategy are: 

 Prior to vessels mobilising, a report on the risk assessment will be provided to the DoF; and 

 Completed Vessel Inspection Checklists including an assessment on whether proof of freedom 
has been achieved will be provided to the DoF prior to the commencement of 
mobilisation/operations and within three working days of the completion of the inspection. 

 

4.4. Management Strategy 4 – PASS Material and Potentially Contaminated 
Sediments 

4.4.1. Background and Goal 

The areas proposed for placement of dredge spoil for land reclamation and to the off shore spoils 
ground are shown in Figure 2-2. 

The goal of this management strategy is to minimise the risk to the environment resulting from 
contaminated sediments associated with the dredged soils and maintain and protect water quality 
for existing environmental values and ecosystem function.  

4.4.1.1. Material Proposed for Land Reclamation 

Inner Harbour sediments contained elevated levels of some metals, TBT, pesticides and PAHs in 
comparison with NODGDM screening or maximum levels.  Levels were also elevated in 
comparison with the Contaminated Sites Management Series: Assessment Levels for Soil, Sediment 
and Water: Ecological Investigation Levels (DEP 2001) for total organochlorine pesticides and 
TBT in both Inner Harbour and Rous Head surface sediments; and pyrene (PAH) in Inner Harbour 
surface sediments.  All parameters analysed from Inner Harbour and Rous Head sediments were 
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below the Contaminated Sites Management Series HILs established for land zoned for industrial 
use. 

Elutriate testing of Inner Harbour surface sediments indicated that only exceeded the 
ANZECC/ARMCANZ (2000) guideline for marine water quality at the 99% species protection 
level.  Arsenic has thus been identified as a parameter for monitoring in the return water during 
disposal of dredged material. 

Sediments dredged from the Inner Harbour will be placed in a section of the reclamation area to be 
lined with geotextile fabric and will be capped with clean fill.  A preliminary site investigation 
would then be carried out on these sediments, in accordance with the Contaminated Sites 
Regulations 2006. 

Entrance Channel sediments, at several locations (sites EC4, EC5, EC8 and EC10), were found to 
have elevated levels of TBT and PAHs.  It is intended that this material will be disposed to the 
Rous Head reclamation area.  Elutriate testing of this material showed that TBT and PAHs were 
below detection levels in all samples, including those from the sites that exceeded the NODGDM 
screening levels.  

The presence of PASS was investigated within Inner Harbour sediments to be dredged.  The results 
showed that Net Acidity ranged from 0.04% to 0.47% and as such the action criterion of 0.03% 
sulphur was exceeded at each sampling location indicating presence of PASS. 

4.4.1.2. Material Proposed for Offshore Disposal 

The Deep Water Channel sediments did not exceed NODGDM screening levels for any parameter 
tested and are therefore considered ‘clean’ fill in accordance with the requirements of the 
NODGDM, and are suitable for unconfined offshore disposal. 

Entrance Channel sediments from sites that did not exceed the NODGDM screening levels are 
classified as ‘clean’ fill and suitable for unconfined offshore disposal, in accordance with the 
requirements of the NODGDM.  Elutriate testing of this material showed that TBT and PAHs were 
below detection levels in all samples.  Notwithstanding, these materials will be placed into the 
reclamation area at Rous Head. 

4.4.2. EPA Objectives 

To protect the environmental values of the Port including: 

 Maintaining the structure and functions of marine ecosystems; 

 Ensuring water quality is safe for recreational activities; 
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 Ensuring water quality is sufficient that any seafood caught or grown in the area is of a quality 
safe for eating; and 

 Minimising the risk to the environment arising from dredged sediment plumes by maintaining 
an acceptable water and sediment quality. 

 

To maintain ecological function, abundance, productivity and biodiversity in accordance with EPA 
Guidance Statement No. 29.  Fremantle Ports will also aim to protect environmental quality 
objectives (EQOs) defined in the Environmental Quality Criteria Reference Document for 
Cockburn Sound (2003 – 2004). 

4.4.3. Risk Assessment 

Potential Impact Consequence Likelihood Risk 

Impacts to water quality values and related impacts to 
marine fauna and flora as a result of the release of 
contaminants from contaminated sediment during the 
dredging and disposal activities. 

Minor Highly Unlikely Low 

 

4.4.4. Key Performance Indicators 

The relevant KPIs for this management strategy are: 

 No release of potentially contaminated sediments and associated water to identified receptors; 
and 

 Discharge waters not to exceed a high level of ecological protection (95 or 99%) (ANZECC/ 
ARMCANZ 2000). 

 

4.4.5. Management Strategy 

A process will be developed that will include an evaluation of the fate and transport mechanisms 
that may affect the distribution of potential contaminants in the dredged material once placed in the 
reclamation area.  And, assess the course that a potential contaminant may follow from its source to 
an identified receptor, and if such an exposure pathway may actually exist.  An environmental risk-
based assessment will be completed in accordance with the Contaminated Sites Regulations 2006.  
The objective of the risk assessment will be to evaluate the potential for exposure to contamination 
and the likely severity of the effect of such exposure. 

The reclamation area will be configured to receive and contain the dredged material for sufficient 
time as to allow the fines to settle.  Disposal of return water from the reclamation area or 
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intermediate storage location may include any one or combination of the disposal methodologies 
provided below. 

4.4.5.1. Surface Sediments 

Management actions for the land reclamation operations will include: 

 Minimising oxidation of PASS due to dredging, pumping of dredged material and relocation of 
surface sediments into the reclamation area; 

 Ensuring that identified dredged PASS materials remain saturated at all times during dredging 
and is disposed through pumping at Rous Head; 

 Burying PASS material with calcium rich material dredged from the Inner Harbour; and 

 Containment of dredged material from the Inner Harbour in a bunded area with a geotextile 
liner, to maximise settling and retention of sediment and dilution of return water. 

 

Inner Harbour Surface Sediments: 

 Where elutriate test results indicate there would be no effect on organisms in the water 
column, the Inner Harbour surface material would be considered suitable for use as 
reclamation fill; 

 If elutriate test data indicates that Inner Harbour surface sediments would exceed the 
recommended level of ecological protection at the discharge point, the hot spot areas already 
identified as being potentially contaminated in the Inner Harbour dredge area would be 
selectively dredged and placed in a section of the reclamation area which will be capped with 
clean fill.  A preliminary site investigation would then be carried out on these sediments, in 
accordance with the Contaminated Sites Regulations 2006; and 

 All surface material dredged from the Inner Harbour shall remain wet at all times, to keep it 
under anaerobic conditions until disposal and there will be no stockpiling of material.  The 
material placed in the hopper of the TSHD will be kept saturated during transport and disposal.  
This will be achieved by raising the overflow system to the highest point. 
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Entrance Channel Surface Sediments: 

 If elutriate test data indicates that Entrance Channel surface sediments would exceed the 
recommended level of ecological protection at the discharge point of the reclamation area, an 
alternative option for disposal of these sediments is proposed.  The sites already identified as 
potentially contaminated in the Entrance Channel dredge area would be selectively dredged 
with material placed in a section of the reclamation area which will be capped with clean fill.  
A preliminary site investigation would then be carried out on these sediments, in accordance 
with the Contaminated Sites Regulations 2006. 

 

The above proposed management options will identify appropriate engineering management 
protocols and environmental compliance monitoring requirements, and will be used for the 
development of contingency planning.  Specific regard will be made to preventative measures, 
which may include construction of engineered control or alternative mechanisms designed to 
minimise or eliminate exposure pathways.  Material will be capped with clean material and where 
possible kept below the tide level. 

Contingency measures will be addressed through the implementation of a contingency plan.  A 
contingency plan will be developed once the final design of the reclamation area has been defined, 
and a sediment management plan associated with potential contaminated sediments has been 
developed.  The contingency measures may address occurrences where the discharge waters exceed 
identified action criteria/trigger levels, and any testing or sampling associated with the dredged 
spoil and/or effluent. 

4.4.6. Monitoring 

The following monitoring activities will be undertaken throughout the life of the project: 

 Investigations of reclamation area in accordance with the Contaminated Sites Regulations 
2006 at completion of dredging. 

 

4.4.7. Reporting 

Reporting activities that will be applicable under this management strategy are: 

 Failure of engineered control. 
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4.5. Management Strategy 5 – Offshore Spoil Ground 

4.5.1. Background and Goal 

The offshore spoil ground to be used for the disposal of dredged material is shown in Figure 2-2. 

The conditions and requirements applicable to the disposal activities and spoil grounds will be 
specified within the applicable Sea Dumping Permit (SDP). 

Note: Impacts on water quality and sedimentation and the related potential impacts on marine fauna 
and flora will be managed via Management Strategy 1 – Water Quality, Sedimentation and BPPH 
Management. 

The goal for this management strategy is to manage the spoil disposal activities at the spoil ground 
in a manner that ensures potential environmental impacts are minimised. 

4.5.2. EPA Objective 

To protect the environmental values of the Port including: 

 Maintaining the structure and functions of marine ecosystems; 

 Ensuring water quality is safe for recreational activities; 

 Ensuring water quality is sufficient that any seafood caught or grown in the area is of a quality 
safe for eating; and 

 Minimising the risk to the environment arising from dredged sediment plumes by maintaining 
an acceptable water and sediment quality. 

 

To maintain ecological function, abundance, productivity and biodiversity in accordance with EPA 
Guidance Statement No. 29.  Fremantle Ports will also aim to protect environmental quality 
objectives (EQOs) defined in the Environmental Quality Criteria Reference Document for 
Cockburn Sound (2003 – 2004). 

4.5.3. Risk Assessment 

Potential Impact Consequence Likelihood Risk 

Significant loss of seagrass resulting from the spoil 
disposal activities including direct smothering of habitat 
and re-suspension of sediments within the spoil ground 
boundary. 

Minor Likely Medium 

Significant loss of seagrass resulting from the spoil 
disposal activities including direct smothering of habitat 
and re-suspension of sediments outside of the spoil 
ground boundary. 

Slight Unlikely Low 
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4.5.4. Key Performance Indicators 

The relevant KPIs for this management strategy are: 

 All material placed in designated spoil ground. 

 

4.5.5. Management Strategy 

 Spoil ground is divided into sub-areas.  A pre-determined number of discharges will be placed 
in the sub-areas for even distribution over the area; 

 Establish by Differential Global Positioning System that immediately prior to dumping the 
vessel is within an approved disposal site; 

 The hopper doors on the TSHD will be completely closed prior to leaving the disposal ground 
at the end of each spoil disposal event; and 

 Regular survey of offshore spoil ground area. 

 

4.5.6. Monitoring 

The following monitoring activities will be undertaken throughout the life of the project: 

 Surveyed dredged quantities (net measured in situ prior to dumping) will be recorded; 

 Review of vessel track recordings with disposal events and loading/discharge charts of that 
trip; and 

 A bathymetric survey of the spoil ground will be undertaken at regular intervals during 
execution, within one month and again within 12 months of the completion of all disposal 
activities authorised under the SDP. 

 

4.5.7. Reporting 

Reporting activities that will be applicable under this management strategy are: 

 Weekly plotting sheets including the following are to be retained for audit purposes: 

– The times and dates of commencement and completion of each dumping run; 

– The position (as determined by GPS) of the vessel at the time of each dump; and 

– Estimation of the volume of dredge spoil (in cubic meters) disposed at the disposal site for 
the specified operational period. 
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A report on the bathymetric surveys will be provided to the DEWHA within two months of the 
final bathymetric survey being undertaken.  This report will include a chart showing the change in 
seabed bathymetry as a result of dumping and include written commentary on the volume of 
dumped material that appears to have been retained within the spoil ground. 

To facilitate annual reporting to the International Maritime Organisation (IMO), the following will 
be reported to the DEWHA by 31 January each year: 

 Permit start date; 

 Permit expiry date; 

 Approved disposal site; 

 Nature of material; 

 Permit quantity; 

 Quantity dumped in preceding calendar year; and 

 Dumping method used. 

 

A digital copy of the bathymetric surveys will be provided to the RAN Hydrographer, Locked Bag 
8801, South Coast Mail Centre, NSW, 2521 at completion of the dredging activities. 

4.6. Management Strategy 6 – Hydrocarbon and Chemical 

4.6.1. Background and Goal 

Hydrocarbons and chemicals are used and handled every day during dredging operations.  The 
accidental release of these substances presents a potential risk to the environment.  The main 
potential sources of release of hydrocarbons and other chemicals into the marine environment are: 

 Diesel or HFO spills during refuelling (bunkering); 

 Hydraulic oil spills due to equipment failure (for example, burst hydraulic hose); 

 Incorrect storage and handling of hydrocarbons and other chemicals; 

 Release of oily bilge waters; and 

 Contaminated deck wash. 

 

The prevention of oil pollution from ships in Australia is based on Annex 1 of the MARPOL 73/78 
Convention to which Australia is a signatory. 

The goals for this management strategy are: 

 To minimise the risk of hydrocarbon or other chemical spills; and 
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 To minimise the potential impact of hydrocarbon and other chemical spills on the 
environment. 

 
4.6.2. EPA Objective 

The EPA objective for hydrocarbon and other chemical spills is to ensure these are handled and 
stored in an appropriate manner that minimises the potential for impact on the environment through 
leaks and spills. 

4.6.3. Risk Assessment 

Potential Impact Consequence Likelihood Risk 

Major spill causing reduction in water quality values and 
impacts to marine fauna and flora  

Major Highly Unlikely Medium 

Minor (for example, drum rupture) spill causing reduction 
in water quality values and impacts to marine fauna and 
flora 

Slight Possible Low 

 
4.6.4. Key Performance Indicators 

The relevant KPIs for this management strategy are: 

 Zero discharge of hydrocarbons into Port or surrounding waters; and 

 Zero non-compliance with hydrocarbon or other chemical spills management requirements. 

 

4.6.5. Management Strategy 

The contingency actions to be taken in response to a hydrocarbon spill will be outlined in the 
contractors Oil Spill Contingency Plan (OSPC) and Ship Board Oil Pollution Emergency Plans 
(SOPEPs).  Contractor’s document ‘BKA-205 Bunkering Procedures’ outlines the procedures in 
place for bunkering. 

4.6.5.1. Bunkering 

Bunkering will be undertaken at Fremantle Port as follows: 

 A work instruction will be prepared to provide guidance to crew and staff on how to minimise 
the risk of spills during bunkering; 

 Bunkering will be undertaken using suitable equipment and experienced personnel who will 
continuously monitor the bunkering equipment and tanks; 

 Bunkering will not take place during adverse conditions; and 

 Spill avoidance devices such as spill trays will be employed. 



Dredging and Spoil Disposal Management Plan  Fremantle Ports Inner Harbour Deepening Project 
 

     SINCLAIR KNIGHT MERZ 

PAGE 56  

4.6.5.2. Hydraulic oil spills 

To minimise the risk of hydraulic oil spills the following measures will be used at Fremantle Port: 

 The hydraulic oil system will be of a high quality, well maintained and regularly inspected; 

 At arrival on site the hydraulic system will be assessed by a hydraulic expert.  Where 
applicable hoses will be replaced.  A report of that assessment will be requested; and 

 If the result of the assessment indicates that additional mitigation measures are to be installed, 
they will be added to the hydraulic systems. 

 
4.6.5.3. Lubricant controls 

Management of lubricants will be achieved with the following measures: 

 The automatic grease system will be of a high quality, well maintained and regularly 
inspected; 

 Where there is direct contact with the water the use of biodegradable products is envisaged; 
and 

 Automatic grease systems will be managed in order to provide the desirable amount of grease 
where necessary. 

 

4.6.5.4. Storage and Handling 

Storage and handling of hydrocarbons and chemicals will be as follows: 

 All chemicals and detergents will be stored below deck in appropriate holds; and 

 Oil and grease drums will be stored below deck in appropriate holds.  Hydrocarbons stored 
above deck will be stored within bunded areas capable of containing 110% of the liquid 
volume to contain any leaks or spills. 

 

4.6.5.5. Bilge Waters 

Management of bilge waters will be as follows: 

 The discharge of bilge waters will be undertaken in accordance with MARPOL 73/78 Annex I 
requirements.  No bilge waters with an oil content more than 15 parts per million will be 
discharged.  Any discharge of bilge waters will be done whilst en route with oil discharge 
monitoring, filtering and control systems operating. 
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4.6.5.6. Contaminated Deck Wash 

Contaminated deck wash will be managed as follows: 

 Wharf wash down procedures specific to the type and grade of cargo have been developed, and 
are registered in Fremantle Ports’ Procedure Control System; and 

 Drainage water that is potentially contaminated with hydrocarbons will be contained and 
directed in to bilge waters tanks where practicable. 

 

4.6.5.7. Spill Response 

The following procedures will be implemented in response to a spill: 

 Spill response will be undertaken in accordance with the existing Fremantle Ports’ Emergency 
Response Plan, which incorporates an Oil Spill Response Plan (OSRP); 

 All personnel working on vessels will receive training in appropriate Oil Spill Response 
actions; 

 Each vessel will maintain a Ship Board Oil Pollution Emergency Plan (SOPEP) in accordance 
with Australia Government requirements and the MARPOL 73/78 convention; and 

 Suitable and sufficient oil spill response equipment (spill response kits) including oil absorbent 
booms and pads will be available and easily accessible in case of a hydrocarbon spill. 

 

4.6.6. Monitoring 

The following monitoring activities will be undertaken throughout the life of the project: 

 Audits of each vessels hydrocarbon and chemical handling procedures and equipment 
including spill kits will be undertaken before operations commence and on a regular ongoing 
basis. 

 

4.6.7. Reporting 

Reporting activities that will be applicable under this management strategy are: 

• All hydrocarbon and chemical spills will be reported in accordance with Fremantle Ports’ 
Incident Management Plan. 

 

 



Dredging and Spoil Disposal Management Plan  Fremantle Ports Inner Harbour Deepening Project 
 

     SINCLAIR KNIGHT MERZ 

PAGE 58  

5. Monitoring Programs, Surveys and 
Inspections 

5.1. Overview 

The monitoring programs, surveys and inspections that support the management strategies 
presented in Section 4 are described here. 

5.1.1. Reactive Management Monitoring 

 Seagrass Health Monitoring Program (Section 5.2);  

 Vessel Introduced Marine Pest Inspections (Section 5.3); 

 Sampling and Analysis of reclamation area (Section 5.4); and 

 Water Quality Monitoring Program (Section 5.6). 

 

Reactive management monitoring programmes will monitor sensitive values and provide an early 
warning of potential risk of impacts due to dredging, spoil disposal and land reclamation activities. 
Early warning can provide the Fremantle Ports time to mitigate potential impacts. Reactive 
management monitoring programmes are characterised by the frequency of data collection 
(fortnightly) and review.  

5.1.2. Long-term monitoring 

 Beach Surveys (Section 5.7). 

 

Fremantle Ports will continue its long-term Marine Quality Monitoring Program (MQMP), 
including measurement of water quality and sediment quality and at a number of locations in the 
Inner Harbour, as well as at Blackwell Reach, Rous Head Harbour and the Outer Harbour waters.  
Biannual beach surveys along Port Beach will also continue, as will bathymetric surveys of 
channels and harbours to monitor sedimentation levels.  The bathymetric surveys will be extended 
to include annual surveys of the offshore disposal area. 

5.2. Seagrass Health Monitoring 

The dominant BPP in Fremantle waters is seagrass.  A draft overview of the Seagrass Health 
Monitoring Program is shown in flow chart form in Figure 5-1.  The program will be further 
developed in consultation with DEC.  The program involves the following: 

 Three locations will be monitored (Deep Water Channel, Offshore Disposal Area and Rous 
Head/Harbour Entrance); 
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 At each of the locations, two monitoring sites will be selected within each of the modelled 
zones (effect and influence); 

 A minimum of three reference sites outside the predicted zone of influence will be monitored; 

 Baseline data will be collected from the reference sites and the impact sites a minimum of two 
months prior to commencement of dredging; 

 Monitoring of all sites will be undertaken mid-way through the dredging program for 
comparison to baseline data; 

 Monitoring of all sites will be undertaken within two months of the completion of dredging 
and disposal.  If required (shoot density in the zone of influence be reduced by over 50% 
relative to the reference sites), another post-dredging/disposal monitoring event will be 
undertaken during the next seagrass growing season; 

 Shoot density and epiphyte load will be monitored at each site.  Epiphyte loading will be 
quantitatively assessed during pre- and post-dredging/disposal monitoring events.  Shoot 
density will be undertaken during all monitoring events and will form the basis of a trigger for 
reactive management options; 

 Shoot density in the zones of effect and influence will be calculated as a percentage net loss 
value.  Seasonal variation at the reference sites will be taken into account by subtracting the 
average loss of seagrass shoot density at the reference sites (if any) from the losses within the 
predicted zones of effect and influence; and 

 In the event water quality thresholds are exceeded (see Section 5.6), seagrass health 
monitoring would be undertaken monthly. 

 

Staged management actions will be implemented based on measured decreases in seagrass shoot 
density in consultation with the DEC (Figure 5-1) as follows: 

 Should seagrass shoot density decrease by 50% or greater in the zone of influence or 80% in 
the zone of effect then the DEC will be consulted to determine the appropriate course of 
action. 
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 Figure 5-1  Seagrass Health Monitoring and Reporting Process 
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5.3. Vessel Introduced Marine Pests Inspections 

Vessel inspection for the presence of introduced marine pests may be required as a result of 
implementing the management strategy for introduced marine pests (Section 4.3).  Depending on 
the results of the risk assessment, inspections may be required prior to mobilisation, on arrival at 
Fremantle Port and prior to the vessel’s departure.  These inspections will focus on confirming that 
the vessel (including any residual sediment) is free of potential marine pests. 

5.3.1. Inspection Procedure 

Vessel inspections that are required to be undertaken will occur either in ‘dry dock’ or through 
inspection by divers if water conditions provide with sufficient visibility to conduct a proper 
inspection.  Inspections will be supervised by a qualified marine scientist and will include 
inspection of the following: 

 Vessel hull; 

 Internal and external niches (including anchor lockers, bow thrusters outlets, sea water 
strainers); 

 Vessel deck; and 

 Dredging equipment. 

 

Photographs or video images will be taken during the inspection to confirm the infestation status 
and condition of the antifouling coat.  The engine room logs will be examined to confirm the 
vessel’s compliance with the DAFF (2008) National biofouling management guidelines for non-
trading vessels. 

In the event that marine pest species are identified on a dredge vessel already at Fremantle Port, a 
sample will be taken and sent for expert taxonomic identification.  Specific management measures 
are detailed in Section 4.3. 

5.3.2. Reporting  

Within three working days of the completion of the inspection Completed Vessel Inspection 
Checklists, including an assessment on whether proof of freedom has been achieved, will be 
provided to the DoF.  Checklists will include a statement from the inspector providing an 
assessment on the status of the vessel in terms of introduced marine pest infestation. 

Within three weeks of completion of the inspection a full inspection report including details of the 
risk assessments, vessel history, antifouling coat status and inspection results will be provided to 
the DoF.  Where this is not possible (for example when taxonomic investigation is required) the 
report will be provided with two weeks of all information becoming available. 
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The DoF will be immediately notified if a vessel already in state waters is identified as being 
infested with a potentially invasive species. 

5.4. Sampling and Analysis of Sediments for Disposal to Reclamation Area 

Loose surface sediments in the Entrance Channel and Inner Harbour identified as being potentially 
contaminated will be placed within the reclamation area.  The seawall of the reclamation area 
would first be lined with a geotextile material and sediments capped with clean dredge material.  A 
preliminary site investigation will be carried out in the reclamation area at completion of the 
dredging in accordance with the Contaminated Sites Regulations 2006.  The results of these 
investigations will be reported to the DEC to demonstrate compliance with the requirements and 
appropriate screening of sediments with reference to the Contaminated Sites Regulations 2006 and 
associated Contaminated Sites Management Series Guidelines. 

5.5. Bathymetric Surveys 

Bathymetric surveys of the dredging and disposal areas will be undertaken pre and post dredging 
and at regular intervals during the dredging works for progress purposes.  Thereafter, bathymetric 
surveys of channels and harbours will continue to be undertaken annually to monitor sedimentation 
levels, and these will be extended to include survey of the offshore disposal area. 

5.6. Water Quality Monitoring Program 

5.6.1. Proposed Program 

The objectives of the water quality monitoring program are to: 

 Validate the water quality predicted by the  modelling study described in Section 3.8; 

 Correlate water quality with estimates of seagrass shoot densities from the same sites in order 
to explain temporal and spatial variability in shoot density over the project period, and 

 To ensure that contaminants and nutrients released from discharge at Rous Head are in 
compliance with water quality Guidelines. 

 

The water quality monitoring will be conducted as a two phase approach.  The first approach 
involves reactive monitoring required for the disposal of contaminated sediment to land at Rous 
Head and the other to be used in conjunction with seagrass health triggers to determine when 
additional management measures are required. 

Continuous water quality monitoring will be undertaken at each of the impact, influence and 
reference sites for the three areas of interest: contaminated spoil to Rous Head; clean spoil to the 
offshore spoil ground; and the channel deepening area at Gage Roads.  The locations of the 
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proposed monitoring sites are presented in Figure 5-2 and the coordinates are given in Table 5-1.  
These locations will need to be discussed with the DEC prior to program implementation.  Light 
attenuation readings will be recorded in situ every 30 minutes, 24 hours a day, using light loggers 
at each of the seagrass monitoring sites.  The loggers will be retrieved and the data will be 
downloaded on a fortnightly basis.  Water quality samples for TSS analysis will be collected 
simultaneously. 

The water quality sampling undertaken at each of the areas of interest and will be used to determine 
when additional management measures are required, to reduce the risk of environmental damage.  
The analysis of water quality monitoring data will also: 

 Provide early warning of deteriorating water quality that may impact on seagrass and the need 
for increased seagrass health monitoring; and 

 Provide contextual data in the investigation of exceedances of management trigger levels. 

The reactive monitoring conducted at Rous Head has been devised on a risk-based assessment of 
the type of contaminants found in the sediments in the Port area.  Of the elutriate and ecotoxicity 
tests, arsenic was the only contaminant of concern.  Lead, nickel and zinc were not above 
background, but were above the analytical detection limit.  Therefore, it was decided that all four 
contaminants should be examined in the reactive water quality monitoring at Rous Head.  This 
monitoring will start within two days of the seawater discharge through the weir box and continue 
on a weekly basis until discharge ceases.  Samples will be taken at four sites along a transect with 
increasing distance from the initial impact site.  The transect will follow the approximate trajectory 
of the plume and therefore will be spatially dynamic.  The two other parameters that will be 
measured at these sites are TSS, to track the distance of the plume to background, and the dissolved 
nutrients ammonium, filterable reactive phosphorus and nitrate-nitrite. 

The following will be reported on a four-weekly basis for each monitoring site: 

 Water quality results including trends (for example, medians, minimum/maximum turbidity); 

 Level of fouling/logger condition; 

 Reliability/usefulness of data obtained; and 

 Brief interpretation of results. 

 

5.7. Beach Surveys 

Fremantle Ports will continue to undertake biannual hydrographic surveys of Leighton and Port 
Beaches in order to monitor sediment movement and shoreline stability of both beaches, in 
conjunction with the Department for Planning and Infrastructure (DPI). 
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 Table 5-1  Water Quality Monitoring Sites and Parameters 

Site Description Longitude Latitude Parameter 

WQ E1 North of reclamation 
area discharge point 

t.b.d in 
consultation 
with DEC 

t.b.d in 
consultation 
with DEC 

Effect site for discharge from land 
reclamation at Rous Head – light and turbidity 
to be measured. 

WQ E2 South of Entrance 
Channel dredge area 

As above As above Effect site for dredging operations in Entrance 
Channel/Inner Harbour to assist in 
management of dredging activities – light and 
turbidity to be measured. 

WQ E3 North of proposed 
spoil ground 

As above As above Effect site at proposed spoil ground to assist 
in management of disposal operations – light 
and turbidity to be measured. 

WQ E4 North of Deep Water 
Channel dredge area 

As above As above Effect site for dredging operations in the 
Deep Water Channel to assist in 
management of dredging activities – light and 
turbidity to be measured. 

WQ R1 North of reclamation 
area discharge point 

As above As above Reference site for discharge from land 
reclamation at Rous Head to gather light and 
turbidity data to assist in distinguishing 
potential discharge point impacts from the 
land reclamation from natural variability and 
trends at this reference site. 

WQ R2 South of Entrance 
Channel dredge area 

As above As above Reference site for dredging operations in 
Entrance Channel/Inner Harbour to gather 
light and turbidity data to assist in 
distinguishing potential discharge point 
impacts from the land reclamation from 
natural variability and trends at this reference 
site. 

WQ R3 North of proposed 
spoil ground 

 
As above 

As above Reference site for proposed spoil ground to 
gather light and turbidity data to assist in 
distinguishing potential discharge point 
impacts from the land reclamation from 
natural variability and trends at this reference 
site. 

WQ R4 North of Deep Water 
Channel dredge area 

As above As above Reference site for dredging operations in the 
Deep Water Channel to gather light and 
turbidity data to assist in distinguishing 
potential discharge point impacts from the 
land reclamation from natural variability and 
trends at this reference site. 

WQ HB Hall Bank As above As above Continued monitoring of water quality at Hall 
Bank during dredging to collect light and 
turbidity data to assist in distinguishing 
potential discharge point impacts from 
previously collected baseline data. 

WQ RH Discharge point at 
reclamation area 

As above As above Water quality will be tested against trigger 
levels for the management of discharge water 
quality. 
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 Figure 5-2  Water Quality Monitoring Sites – Effect and Reference Sites 
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5.8. Reporting and Auditing 

5.9. Dredging and Spoil Disposal Management Plan Reporting 

Table 5-2 provides a summary of the regulatory reporting required during implementation of this 
Draft DSDMP. 

 Table 5-2  Regulatory Reporting Requirements 

Report Title Contents Regulator Frequency  

Management Strategy 1:Water Quality, Sedimentation and Benthic Primary Producer Habitat 
Management 
Seagrass Health 
Monitoring Reports 

Results of the seagrass health 
monitoring program 

DEC, 
DEWHA 

Pre and post dredging; 
monthly if water quality 
trigger levels exceeded. 

Water quality of 
discharge at Rous Head 

Results of water quality monitoring DEC, 
DEWHA 

Monthly 

Management Strategy 2: Marine Fauna Management 
Marine Mammal 
Sighting Reports 

Details of sightings of marine 
mammals (except dolphins), 
activities of fauna and 
management responses 

DEC Monthly 

Marine Mammal Incident 
Reports 

Details of incidents involving injury 
or mortality to marine mammals 

DEC, 
DEWHA 

Per occasion 

Management Strategy 3: Introduced Marine Pest Management 
Introduced Marine Pest 
Risk Assessment Report 

Details of risk assessment 
undertaken for dredge vessels 
mobilising from within WA state 
waters 

DEC, DoF Prior to entry to Fremantle 
Port 

Vessel Inspection 
Checklists 

Checklist completed during dredge 
vessel inspections including 
assessment of vessel pest status 

DEC, DoF, 
AQIS 

Within 3 days of each 
inspection 

Introduced Marine Pest 
Inspection Report 

Full report on dredge vessel 
inspection including vessel history 

DEC, DoF Within three weeks of 
each inspection 

Management Strategy 4: PASS Material and Potentially Contaminated Sediments Management 
Preliminary Site 
Investigation of 
Reclamation Area 

Investigation of sediment 
chemistry in accordance with the 
Contaminated Sites Regulations 
2006.  

DEC Within six months of 
project completion 

Contaminated Sites 
Auditor report  

Investigation of reclamation area 
as per Contaminated Sites 
Regulations 2006 

DEC At completion of dredging 

Management Strategy 5: Spoil Ground Management  
Weekly plotting sheets Times and dates of each dumping 

run. 
Position and track plot of each 
dumping run. 
Volume of each dumping run 
based on dredge onboard system, 

Retained for 
audit 
purposes 

Per occasion 
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Report Title Contents Regulator Frequency  
not on surveys. 

Spoil ground bathymetry Bathymetry of disposal ground 
after disposal has been completed 
including written commentary on 
volume of sediment retained. 

DEWHA Within two months of 
completion of disposal 
activities 

IMO Reporting Permit details. 
Details on the quantity and type of 
sediment disposed. 

DEWHA Annually, by 31st January  

Management Strategy 6: Hydrocarbon and Other Chemical Management  
Hydrocarbon or 
chemical spill report  

Report on any spill of hydrocarbon 
or other chemical. 

DEC Per occasion 

 

5.10. Compliance Auditing and Reporting 

5.10.1. Compliance Audit Schedule 

A compliance audit schedule will be developed based on the conditions contained within the 
various approvals documents.  The finalised audit criteria schedule will be provided to the DEC 
and DEWHA for approval as part of the Final DSDMP. 

5.10.2. Auditing and Reporting – State Government 

The proponent will submit environmental compliance reports to the CEO of the DEC annually, 
reporting on the previous 12-month period, unless required by the CEO to report more frequently. 

The environmental compliance reports will address each element of the audit program approved by 
the CEO and will be prepared and submitted in a format acceptable to the CEO. 

The environmental compliance report will: 

 Require endorsement by signature of the Proponent's CEO or a person delegated to sign on 
behalf of the proponent's CEO; 

 State whether the Proponent has complied with each condition and procedure contained in this 
statement; 

 Provide verifiable evidence of compliance with each condition and procedure contained in this 
statement; 

 State whether the Proponent has complied with each key action contained in any 
environmental management plan or program required by this statement; 

 Provide verifiable evidence of conformance with each key action contained in any 
environmental management plan or program required by this statement; 
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 Identify all non-compliances and non-conformances and describe the corrective and 
preventative actions taken in relation to each non-compliance or non-conformance; 

 Review the effectiveness of all corrective and preventative actions taken; and 

 Describe the state of implementation of the proposal. 

 

The Proponent will make the environmental compliance reports publically available in a manner 
approved by the CEO. 

5.10.3. Auditing and Reporting – Commonwealth Government 

An approved auditor will conduct an independent audit of compliance of the implementation of the 
final DSDMP within four weeks of the commencement of dredging, spoil disposal and land 
reclamation works.  The audit results will be reported to the DEWHA. 

5.10.4. Access for Observers 

If requested, access will be provided to two Australian government nominees to witness, inspect, 
examine or audit any part of the operations.  This will include any dumping or monitoring activity, 
the vessel or any other equipment, or any documented records.  The nominees will be provided 
with any assistance necessary to carry out their duties. 
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7. Glossary  
Term Definition 

BOM Bureau of Meteorology 

BPP Benthic Primary Producer 

BPPH Benthic Primary Producer Habitat 

cm Centimeter(s) 

DPI Department of Planning and Infrastructure 

DSDMP Dredging and Spoil Disposal Management Plan  

e.g. For Example 

hPa Hectapascals 

km Kilometre(s) 

km/hr Kilometre(s) Per Hour 

L Litre(s) 

LAC Light Attenuation Coefficient  

LWMF Low Water Mark Fremantle 

m Metre(s) 

mg Milligram 

mg/L Milligram(s) Per Litre 

NTU Nephelometric Turbidity Units 

PER Public Environmental Review 

RL Reduced Level 

SDP Sea Dumping Permit 

SE Standard Error 

SKM Sinclair Knight Merz 

TSS Total Suspended Solids 

 




