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EXECUTIVE SUMMARY 
Main Roads Western Australia (Main Roads) is proposing to build the Swan River Crossings (the 
Proposal) that includes the construction of new road and rail bridges, the upgrading of the existing 
rail bridge and the demolition of the existing Fremantle Traffic Bridge in Fremantle, Western 
Australia. The purpose of the Proposal is to ensure that the Swan River Crossing at this location 
provides appropriate levels of safety and transport capacity for motorists, pedestrians, cyclists, rail 
and river users. 
 
Works for the Proposal will include: 
Road Works 

• Construction of a standalone four-lane bridge over the Swan River (to the east / up-stream 
of the existing Fremantle Traffic Bridge).  

• Realignment and upgrade of Queen Victoria Street and Canning Highway to suit the new 
road bridge over the Swan River.  

• Construction of a PSP from North Fremantle Station to Canning Highway including:  
o Construction of a bridge structure to take the PSP over Tydeman Road. 
o Crossing the Swan River via the new road bridge, which is to accommodate 

separated pedestrian and cycling traffic. 
• Demolition of existing FTB (Bridge No. 0916) with a minimum of 19m over water to be 

retained at the southern end. 
Rail works  

• Construction of new standalone passenger rail bridge over the Swan River carrying two 
narrow gauge mainlines.  

• Realignment, modification and upgrade of existing rail infrastructure to suit new and retained 
rail bridge structures.  

• Retention and modification of the existing Fremantle Rail Bridge (Bridge No. 1579, over the 
Swan River) as a dedicated freight rail bridge.  

• Modification of existing rail-over-road bridge on Tydeman Rd (Bridge No. 1291).  
 
 
The purpose of this Environmental Protection Authority (EPA) Referral Supporting Document is to 
describe the Proposal and present a desktop environmental impact assessment of the Proposal to 
support the referral of the Swan River Crossings under Section 38 of the Environmental Protection 
Act 1986 (EP Act). 
 
The Proposal will have a number of potentially adverse impacts on environmental and heritage 
values. Most of these impacts will be temporary during construction and, with mitigation, the impacts 
can be minimised to acceptable levels of impact. 
 
Potentially adverse environmental and social impacts include: 

• Water quality: 
o Sedimentation during in-river construction. 
o Mobilisation of contaminants in river sediments. 

• Marine fauna: 
o Adverse impacts on water quality. 
o Noise due to piling and vessel movements. 

• Benthic habitat: 
o Adverse impacts on water quality. 
o Smothering of habitat due to sedimentation during construction. 

• Social amenity – noise: 
o Noise during construction, especially from piling. 
o Road and rail traffic noise during operation. 

• Aboriginal Heritage: 
o The Swan River is a significant Aboriginal heritage site and impacts on the river 

need to be carefully considered. 
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• Historic Heritage: 
o The Fremantle Traffic Bridge is listed on the State Heritage Register under the 

Heritage Act 2018. 
• Contamination: 

o There are a number of known contaminated or remediated sites within or in close 
proximity to the Proposal. 

o Historic land uses have left a legacy of pollution that may be mobilised by the 
Proposal. 

 
A key component of the Proposal is the replacement of the Fremantle Traffic Bridge with a solution 
that considers road, passenger and freight rail, maritime, pedestrian and cycling connectivity across 
the Swan River.  The Fremantle Traffic Bridge was opened in 1939 with a 40 year service life and 
has served its function well beyond that time. However, the bridge's structure has been deteriorating 
over a number of years and, despite extensive strengthening and maintenance works, the bridge 
needs to be replaced. 
 
The Proposal has a number of benefits, environmentally, socially and economically including but 
not limited to: 

• Improved safety for road users and pedestrians.  
• Increased rail efficiency.  
• Improved river navigation.  
• Improved water flows.  
• Acknowledgement of the history of this place as a crossing point of the Swan River.  

 
There are a number of the EPA’s factors that are relevant to the Proposal: 

• Benthic Communities and Habitat. 
• Marine Environmental Quality. 
• Marine Fauna. 
• Inland Waters. 
• Social Surroundings. 
• Terrestrial Environmental Quality.  

 
Despite a number of the EPA’s factors being relevant, Main Roads considers that the Proposal will 
meet the EPA’s environmental objective for each factor. Most impacts will be temporary in nature 
and occur within an area that has been subject to previous disturbance activities. The impacts 
associated with the Proposal are only expected to occur during construction that can be managed 
to minimise the level of impact.  All impacts associated with the Proposal are effectively managed 
through other legislation and regulation. 
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1 INTRODUCTION 
Main Roads Western Australia (Main Roads) is proposing to build the Swan River Crossings (the 
Proposal) that includes the construction of new road and rail bridges, the upgrading of the existing 
rail bridge and the demolition of the existing Fremantle Traffic Bridge in Fremantle, Western 
Australia. The purpose of the Proposal is to ensure that the Swan River Crossing at this location 
provides appropriate levels of safety and transport capacity for motorists, pedestrians, cyclists, rail 
and river users. 
 
Currently, the Fremantle Traffic Bridge is a large wooden structure that has far exceeded its 
anticipated service life. The existing rail bridge lies in close proximity to the traffic bridge, but on a 
slightly different alignment, and has insufficient rail tracks to cater for freight and passenger rail 
(Figure 1). The pier alignment of the two existing bridges complicates river navigation. 
 
The existing traffic bridge had an expected life of 40 years and was constructed in 1938/9, the third 
on the site since 1863. The bridge was upgraded in 1974 to extend its life for another 30 years. The 
bridge's structure has been deteriorating over a number of years and, despite extensive strengthening 
and maintenance works, the bridge needs to be replaced. Future road planning in the area has shown 
that there is a need to maintain a four lane traffic bridge across the Swan River at this location. At 
least 30,000 vehicles use the traffic bridge per day.  
 
The Proposal will ensure that the Swan River Crossing at this location will provide appropriate levels 
of safety and transport capacity for motorists, pedestrians, cyclists, rail and river users.  
 
Works for the Proposal will include: 
Road Works 

• Construction of a standalone four-lane bridge over the Swan River (to the east / up-stream 
of the existing Fremantle Traffic Bridge).  

• Realignment and upgrade of Queen Victoria Street and Canning Highway to suit the new 
road bridge over the Swan River.  

• Construction of a PSP from North Fremantle Station to Canning Highway including:  
o Construction of a bridge structure to take the PSP over Tydeman Road. 
o Crossing the Swan River via the new road bridge, which is to accommodate 

separated pedestrian and cycling traffic. 
• Demolition of existing FTB (Bridge No. 0916) with a minimum of 19m over water to be 

retained at the southern end. 
Rail works  

• Construction of new standalone passenger rail bridge over the Swan River carrying two 
narrow gauge mainlines.  

• Realignment, modification and upgrade of existing rail infrastructure to suit new and retained 
rail bridge structures.  

• Retention and modification of the existing Fremantle Rail Bridge (Bridge No. 1579, over the 
Swan River) as a dedicated freight rail bridge.  

• Modification of existing rail-over-road bridge on Tydeman Rd (Bridge No. 1291).  
 
1.1 Purpose and Scope 
The purpose of this Environmental Protection Authority (EPA) Referral Supporting Document is to 
describe the Proposal and present a desktop environmental impact assessment of the Proposal to 
support the referral of the Swan River Crossings under Section 38 of the Environmental Protection 
Act 1986 (EP Act).  
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1.2 Proponent 
The proponent for the Proposal is the Commissioner of Main Roads and formal contact details are: 
 
Proponent Commissioner of Main Roads  

Main Roads Western 
Australia PO Box 6202 
East Perth WA 6002 
 
ABN/ACN 50 860 676 021 

Project Key Contacts Martine Scheltema 
Manager Environment 
Main Roads Western Australia 
 
martine.scheltema@mainroads.wa.gov.au 
 
John Braid 
Principal Environment Officer 
Main Roads Western Australia 
 
John.braid@mainroads.wa.gov.au  

  

mailto:martine.scheltema@mainroads.wa.gov.au
mailto:John.braid@mainroads.wa.gov.au
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1.3 Environmental Impact Assessment Process 
This Proposal is being referred under Part IV of the EP Act. 
 
The EPA will place the referral document on their consultation hub for a seven day public comment 
period, once they are satisfied that the referral document is adequate. 
 
The EPA will make a determination on whether to assess the Proposal within 28 days of receipt of 
the referral.  
 
1.4 Other Approvals and Regulation 

1.4.1 Decision Making Authorities 
The authorities listed in Table 1 have been identified as decision-making authorities (DMAs) for the 
Proposal. 
 
Table 1: List of decision making authorities applicable to Swan River Crossings proposal 
and relevant legislation. 

Decision-making authority Relevant legislation 

Minister for Lands Land Administration Act 1997 

Minister for Transport Main Roads Act 1930, Government Railways 
Act 1904, Rail Freight System Act 2000, 
Public Transport Authority Act 2003. 

Minister for Environment Environmental Protection Act 1986 
Swan and Canning Rivers Management Act 
2006  

Minister for Heritage  Heritage Act 2018 

Minister for Aboriginal Affairs Aboriginal Heritage Act 1972 

Minister for Planning Planning and Development Act 2005 

Chief Executive Officer of the Department of 
Water and Environmental Regulation 

Environmental Protection Act 1986 

Chief Executive Officer of the City of 
Fremantle 

Planning and Development Act 2005 

Chief Executive Officer of the Department of 
Planning, Lands and Heritage 

Land Administration Act 1997 
Aboriginal Heritage Act 1972 
Heritage Act 2018 
Land Administration Act 1997 

Chief Executive Officer of the Department of 
Biodiversity, Conservation and Attractions 

Swan and Canning Rivers Management Act 
2006 

Fremantle Port Authority The Port Authorities Act 1999 
 

1.4.2 Other Approvals Required 
Although the environmental impacts associated with the Proposal are manageable and are not 
expected to have an adverse impact on the environment, given the nature and location of the 
Proposal, a range of approvals will need to be obtained in order to develop and operate the Proposal 
including: 

• Section 18 consent to disturb an Aboriginal site under the Aboriginal Heritage Act 1972. 
• Development approval under the Planning and Development Act 2005. 
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• Development approval under the Swan and Canning Rivers Management Act 2006 (SCRM 
Act). 

• Consent to impact a site on the State Heritage Register under the Heritage Act 2018. 
• Approval to work within the rail reserve. 
• Approval to undertake works within the Fremantle Port Authority boundary under the Port 

Authorities Act 1999. 
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2 THE PROPOSAL 
 
2.1 Background 
The rail and traffic bridges that connect Fremantle and North Fremantle are critical crossing points 
for Western Australia. At least 30,000 vehicles use the traffic bridge per day. 
 
The existing Fremantle Traffic Bridge was constructed in 1938/9 and had an expected life of 40 
years, the third bridge on the site since 1863. The bridge was upgraded in 1974 to extend its life for 
another 30 years (Figure 2). This extended life has now been reached, and future road planning in 
the area has shown that a four lane traffic bridge is required across the Swan River at this location.  
 
The current rail bridge was constructed in 1959 to replace a previous rail bridge (Figure 3). 
 
The previous rail bridge was on a different alignment, further west of the existing rail bridge (Figure 
4). Currently, there is only capacity for two rail lines on this bridge. The bridge services both the 
Fremantle passenger line and the freight rail line from the Fremantle Port. The passenger rail has 
priority over the freight rail on the bridge due to the frequency of services. This leads to inefficiencies 
running the freight rail, as it can only operate in a window between passenger services. 
 
 
 

 
Figure 2  Historical Photo of newly upgraded Fremantle Traffic Bridge (photo – 1974) 
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Figure 3  Historical Photo of newly built Fremantle Rail Bridge (photo – 1959) 

 

 
Figure 4  Historical Photo of previous position of the Fremantle Rail Bridge (photo – 
1953) 
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2.2 Justification 
The existing bridges do not meet the infrastructure needs of the community and industry. Main Roads 
has several major concerns regarding the ongoing use of the current Fremantle Traffic Bridge 
relating to safety: 

• The Fremantle Traffic Bridge is now well beyond its intended service life. 
• Ongoing maintenance of the wooden substructure is proving increasingly difficult and this 

has led to closure of all or part of the bridge in order to achieve repairs sufficient to have 
confidence that the load bearing capacity of the bridge is not compromised. 

• The traffic lanes are narrow for modern traffic and this makes it difficult to cross the bridge 
for larger vehicles during high wind conditions. 

• The dual use path is very narrow. 
• There is a mismatch between the navigation spans of this bridge and the neighbouring rail 

bridge, which can create a navigation hazard during spring tides to water vessels. 
• The clearance height of the bridge restricts the size of vessel that can travel upstream. 

 
Strengthening and pier protection works were undertaken in 2015-16 on both bridges. However, 
these measures were only considered temporary and were undertaken to reduce the likelihood of a 
catastrophic failure of either bridge prior to the implementation of a long term solution at the site. A 
significant body of environmental work was undertaken during these strengthening works. 
 
There have been a number of investigations in the past fifteen years into replacing the Fremantle 
Traffic Bridge in particular. However, none of these progressed beyond the initial design and 
investigation. 
 
2.3 Proposal Description 
Main Roads is proposing to build the Swan River Crossings (the Proposal) that includes the 
construction of new road and rail bridges, the upgrading of the existing rail bridge and the demolition 
of the existing Fremantle Traffic Bridge in Fremantle, Western Australia. The purpose of the Proposal 
is to ensure that the Swan River Crossing at this location provides appropriate levels of safety and 
transport capacity for motorists, pedestrians, cyclists, rail and river users. 
 
Once completed, the Swan River Crossings will consist of three bridge that incorporate four traffic 
lanes, three rail lines (two passenger, one freight) and pedestrian/cyclist facilities. 
 
Works for the Proposal will include: 
Road Works 

• Construction of a standalone four-lane bridge over the Swan River (to the east / up-stream 
of the existing Fremantle Traffic Bridge).  

• Realignment and upgrade of Queen Victoria Street and Canning Highway to suit the new 
road bridge over the Swan River.  

• Construction of a PSP from North Fremantle Station to Canning Highway including:  
o Construction of a bridge structure to take the PSP over Tydeman Road. 
o Crossing the Swan River via the new road bridge, which is to accommodate 

separated pedestrian and cycling traffic. 
• Demolition of existing FTB (Bridge No. 0916) with a minimum of 19m over water to be 

retained at the southern end. 
Rail works  

• Construction of new standalone passenger rail bridge over the Swan River carrying two 
narrow gauge mainlines.  

• Realignment, modification and upgrade of existing rail infrastructure to suit new and retained 
rail bridge structures.  

• Retention and modification of the existing Fremantle Rail Bridge (Bridge No. 1579, over the 
Swan River) as a dedicated freight rail bridge.  

• Modification of existing rail-over-road bridge on Tydeman Rd (Bridge No. 1291).  
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2.3.1 Actions that do not form part of Proposal 
The relocation of services within the Development Envelope from the existing Fremantle Traffic 
Bridge to Stirling Bridge (Stirling Highway) does not form part of this Proposal. The Fremantle Traffic 
Bridge contains a number of services including:  

• A redundant electrical cable. 
• A water main. 
• A bunker-fuelling conduit. 
• Optic fibre cables for telecommunications.  

 
These services will be relocated and upgraded outside of the current Proposal. These relocations 
are planned to be undertaken independent of the delivery of the Proposal due to the failure risks of 
the existing Fremantle Traffic Bridge.  All approvals for these relocations will be obtained separate 
to the Swan River Crossing Proposal. 
 

2.3.2 Proposal Key Characteristics 
The summary of the Proposal and its key characteristics are shown in Table 2 and Table 3. 
 
Table 2 Summary of the Proposal 

Proposal title Swan River Crossings – Fremantle  

Proponent name Commissioner of Main Roads Western Australia 

Short description The Proposal is to construct new rail and road bridges over the Swan 
River to connect Fremantle with North Fremantle, upgrade the existing 
rail bridge and demolish the existing Fremantle Traffic Bridge. Works 
will also include upgrading existing rail bridges over Tydeman Road, a 
Principal Shared Path from North Fremantle Station to Queen Victoria 
Street, Fremantle, and tying in of new works to the existing road and 
rail network. 

 
Table 3 Location and proposed extent of physical and operational elements 

Element Location Proposed extent 

Physical elements 
 Demolition of the existing 
Fremantle Traffic Bridge 

Queen Victoria Street, Fremantle over 
the Swan River 

Figure 1, Figure 5 

Construction of two new 
bridges over the Swan River  

Swan River  Figure 1, Figure 5 

Road and rail upgrades, 
including rail bridges over 
Tydeman Road and 
associated infrastructure 

Road and rail network between 
Tydeman Road and Canning Highway 

Figure 1 

Principal Shared Path 
(pedestrian and cycle path)  

From North Fremantle Station to 
Queen Victoria Street, Fremantle. 

Figure 1 

 
The Development Envelope and the indicative footprint for the Proposal is shown in Figure 1. The 
concept design of the bridge alignments is shown in Figure 5.
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2.4 Local and Regional Context 
The project is located in Fremantle within the road and rail corridor along Queen Victoria Street 
between Tydeman Road in the north and Canning Highway in the south. A PSP is proposed to the 
north along the rail corridor to North Fremantle station. The major component of the works involves 
the construction of two new bridges in the Swan River and the demolition of the existing Fremantle 
Traffic Bridge. 
 

2.4.1 Climate 
The climate of Fremantle is a Mediterranean climate with hot dry summers and temperate wet 
winters (Figure 6).  A key feature of this location is the strong sea breeze cycle, which means that 
the majority of afternoon winds come from the south-west. 
 
Fremantle has a mean annual rainfall of 734mm per year with the winter months accounting for 
more than 50% of the rainfall (data from the Swanbourne Bureau of Meteorology site – coastal 
weather site considered to best represent likely climate for Proposal area). Average maximum 
temperatures vary from 18.4oC in July to 30.4oC in February (BOM, 2019). 
 
A key feature of the summer climate in Fremantle is the sea breeze. Afternoon winds in summer 
are dominated by the “Fremantle Doctor” a south-westerly breeze that significantly modifies the 
summer maximum temperatures. In the mornings, there is usually an easterly wind blowing of the 
continental landmass. In winter, the prevailing winds bringing rain are from the west, often bringing 
strong winds. Fine conditions in winter are associated with a high-pressure system in the 
Australian Bight and bring light easterly winds. 
 

2.4.2 Geology and soils  
The Swan Coastal Plain comprises a series of quaternary parallel sand or calcarenite dunes that 
run in a north south direction. As sand accumulated and the sea level rose and fell through a 
series of ice advances, additional parallel dunes were laid down further and further to the west. 
The most westerly of these dunes is as far west as Rottnest Island, however following the last ice 
retreat a global sea level rise brought the coastline to its current location (Playford et al, 1976). 
 
The Swan River has discharged at this general location for a long time, however, like all westerly 
facing rivers in south west Western Australia it would probably have had a sand bar across the 
mouth except during high flow conditions. This condition changed when the limestone bars were 
blasted by C.Y. O’Connor in 1903 to allow navigation from the sea up the river. The resulting tidal 
scour has maintained a depth at this location of some 5 to 7m in mid-channel. 
 
Groundwater on the Swan Coastal Plain is typically elevated to the east and reaches sea level at 
the coast. However the Swan River represents the low point along its length and therefore, locally, 
the groundwater gradient will head towards the river. 
 
The Fremantle Port lies downstream of the existing bridges. The Fremantle Port area has been 
dredged in the past to maintain sufficient depth (approximately 12m) in the harbour to allow for the 
Fremantle Port’s operations. This depth is maintained through maintenance activities in the port. In 
2016, “dolphins” were constructed to protect the bridge piers from vessels accidently striking the 
rail or road bridges. These works followed an incident where a ship struck the rail bridge after 
slipping its moorings, which shut down the rail bridge for a period of time.  
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Figure 6 Temperature and Rainfall Averages for Fremantle (Swanbourne BOM site 1993-
2019) (BOM, 2019).  
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2.4.3 Flora and vegetation 
There is no remnant native vegetation within the project area. To the north of the river, there is a 
limited amount of landscaping and streetscaping of low aesthetic quality. To the south of the river, 
the area between the existing bridges has been landscaped with a mix of planted native species. 
There is no native vegetation and the vegetation does not constitute black cockatoo habitat. 
 

2.4.4 Terrestrial fauna  
No significant habitat for terrestrial fauna occurs within the Development Envelope. All areas of the 
Proposal have been heavily disturbed for many years and no natural and little artificial habitat 
remains for terrestrial fauna. 
 
Waterbirds may utilise the area, but no significant foraging or nesting habitat is present in the 
Development Envelope. 
 
No threatened or priority terrestrial fauna are anticipated to be adversely impacted by the Proposal. 
A search of the Department of Biodiversity, Conservation and Attractions (DBCA) threatened fauna 
database and the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) 
Protected Matters Search Tool (PMST) was conducted to assess whether any threatened or 
priority fauna was likely to occur in the project area. The results of the search and assessment of 
each species likelihood of occurring is provided in Appendix A. 
 

2.4.5 Aquatic Fauna 
The Swan River contains a mix of marine and estuarine species at the Fremantle Traffic Bridge and 
including: 

• Turtles. 
• Dolphins (Indo-Pacific Bottlenose Dolphins). 
• Swans. 
• Seals. 
• Bony fish. 
• Sharks. 

 
The Inner Harbour is an important route for the migration of fish, crabs and prawns between the 
Swan River and the ocean (SKM, 2009). Dolphins are found in the Swan River and a resident 
group of Indo-Pacific Bottlenose Dolphins use the Inner Harbour daily year round (SKM, 2009). 
 
Previous surveys (SKM, 2009) have indicated that the Inner Harbour has a low level of benthic 
habitat and communities. This is due to the historical disturbance of the area in its use as an active 
port and episodic dredging. Some benthic habitat and associated communities may be present 
around the piers of the existing bridges. 
 
A number of threatened aquatic fauna species have the potential to occur within the Development 
Envelope due to historical records (Appendix A). These include: Carcharodon carcharias (Great 
White Shark – Vulnerable); Carcharias taurus (Grey Nurse Shark – Vulnerable) and Caretta 
caretta (Loggerhead Turtle – Endangered). There is no significant habitat for these species within 
the Development Envelope.  
 
A search of the DBCA threatened fauna database and the EPBC Act PMST was conducted to 
assess whether any threatened or priority aquatic fauna was likely to occur in the project area. The 
results of the search and assessment of each species likelihood of occurring is provided in 
Appendix A. 
 



Swan River Crossings - EPA Referral Supporting Document 

 

Document No: D20#627360 Page 21 of 80 

2.4.6 Hydrology 

Surface water and drainage  
The project area directly impacts the Swan River, within the Swan Coastal catchment. The project 
is located within the Swan/Canning Estuary surface water allocation sub-areas.  

Wetlands  
The Swan River Estuary, classified as an Estuary-Waterbody, is within the project area. The Swan 
River is a Conservation Category Wetland. 
 
Wetlands of International Significance are listed under the Ramsar Convention, an International 
treaty that covers the conservation of internationally important wetlands. The closest Ramsar 
wetlands are Thomsons Lake and Forrestdale Lake located approximately 13 km south southwest 
and 19 km southeast, respectively, from the proposed action. The proposed action does not drain 
into the surface water catchment of either Ramsar wetland.  
 
The risk of potential surface water impacts including uncontrolled surface water runoff, 
hydrocarbon contamination and erosion is likely to be similar or less than from the existing road 
infrastructure with new drainage infrastructure proposed. 

Groundwater  
The project area lies within a Proclaimed Groundwater Area as defined under the Rights in Water 
and Irrigation Act 1914. 
 
Depth to groundwater varies with the ground topography. The groundwater level throughout the 
project area is 0-1 mAHD. 
 
Groundwater throughout the project area is likely to be saline due to saltwater intrusion to the 
surficial aquifer. However, this may still be suitable for construction purposes, but it is unlikely to be 
suitable for irrigation. Groundwater is likely to be saline south of the project area. 

Groundwater to the north of the river has the potential to be contaminated by historical land uses. 

Public drinking water resource areas  
A search of the database identified no Public Drinking Water Source Areas within the project area 
(DWER, 2018). 
 

2.4.7 Terrestrial and Aquatic Environmental Quality 

Contamination 
Most of the landward side of the Fremantle Port complex has been classified under the 
Contaminated Sites Act 2003 as “Remediated Restricted Use” (Figure 7). Fremantle Port has been 
classified as “Remediated Restricted Use” and is restricted to commercial/industrial use. This 
classification is due to detection of petroleum hydrocarbons in soils and groundwater and residual 
asbestos containing materials (ACM) present in soil in a confined containment cell. 
 
The “Basic Summary of Records” describes North Quay (33 Tydeman Road North Fremantle) as: 
“primarily reclaimed land largely filled by dredged spoil” that was used for “oil distribution, grain 
storage, a tannery, railway land, cement manufacturer and wool storage and treatment”. 
 
The existing rail bridge was built around the same time as Fremantle Port’s North Quay expansion 
in the 1960s. It is likely that the fill material used to construct the rail bridge would be of the same 
quality as the adjacent port fill material. 
 
The rail embankment material, especially on the northern side of the river, may contain ACM or 
other contaminants. The railway line may also contain elevated levels of metals from railway 
operations due to spills and dust deposition from rail carting (eg lead or nickel ore being 
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transported to the Fremantle Port in open carriages). 

The river sediments are likely to contain levels of contaminants due to historical port activities and 
historical land uses in the area and through the accumulation of contamination from upstream 
contaminating activities. 

 

Acid Sulfate Soils 
The Development Envelope within the river – between the bridge abutments – is a “high to 
moderate risk” (risk class 1) of encountering Acid Sulfate Soils (ASS). The southern foreshore (up 
to Riverside Road) is a “moderate to low” risk of encountering ASS (risk class 2) (Figure 7). 

From previous works on the Fremantle Traffic Bridge, all surficial river sediments are expected to 
be ASS and can be effectively through implementing standard ASS management measures.  

2.4.8 Air Quality 
Perth’s air quality (and Fremantle’s) is considered relatively clean. A large proportion of this is due 
to the ability for pollutants to disperse due to the strong prevailing winds. 

Air quality is well below the National Environmental Protection Measure (NEPM) Ambient Air 
Quality standards for all criteria pollutants, other than particulate matter (PM10 and PM2.5). 

Perth experiences a number of PM10 and PM2.5 exceedances annually. This varies due to location, 
but is attributed to: 

• Vehicle emissions.
• Wood fired heaters.
• Industrial emissions.
• Bushfires.

Dust from Fremantle Port has been an issue in the area in the past. 

2.4.9 Social Surroundings 

Aboriginal Heritage 
There is one registered site within the Development Envelope: 

• ID 3536 Swan River.
The Swan River is a mythological site of significance to the Noongar people. All impacts to the river 
are considered to have an impact on the mythological site (Figure 8). 

One registered site abuts the southern extent of the proposed works: 
• ID 3419 Fremantle: Cantonment Hill (Registered Site).

Cantonment Hill is a ceremonial, mythological and camp site. 

Historic Heritage 
The Proposal area has numerous historic heritage places associated with settlement, the 
Fremantle area and Fremantle port (Figure 9). These include places on the State Register of 
Heritage Places, the Commonwealth Heritage List, ship wrecks and places identified on Local 
Heritage Surveys. 

The Fremantle Traffic Bridge and ferry capstan base are listed as a single entry on the Heritage 
Council of Western Australia’s Register of Heritage Places. A historic record of the Fremantle 
Traffic Bridge has been developed and is attached at Appendix D.  



Swan River Crossings - EPA Referral Supporting Document 

 

Document No: D20#627360 Page 23 of 80 

 
The Fremantle Traffic Bridge as a piece of road infrastructure is obsolete and unable to be 
maintained. The bridge does not meet current safety design standards for road users, pedestrians 
or cyclists. The structure of the bridge does not allow the existing structure to be maintained or 
upgraded. The wooden structure has deteriorated in the marine environment over the past 80 
years of its operational life and is at risk of catastrophic failure. 
 
The State Heritage Register listing identifies a number of historic and community values 
associated with the Fremantle Traffic Bridge and ferry capstan base. These have been listed 
below: 
 
Historic values: 
• Fremantle Traffic Bridge (1939) is located at a site which has been a river crossing point since 

1866 when an earlier bridge, associated with the convict era of Western Australian history, was 
built.  

• Fremantle Traffic Bridge (1939) is also built on the site of the earlier 1898 bridge, associated 
with the development of Fremantle Harbour and the expansion of public works in Western 
Australia in the Gold Boom of the 1890s.  

• Fremantle Traffic Bridge (1939) demonstrates the continued use of timber in bridge building in 
Western Australia into the 1930s, where its cost was low, relative to other materials, and its 
qualities well understood.  

• Ferry Capstan Base contributed to the development of Fremantle through its use in hauling 
vessels on the river in the nineteenth century.  

• Fremantle Traffic Bridge (1939) was designed by engineer E.W. (Ernie) Godfrey, who was in 
charge of the Bridge Section of Main Roads from his arrival in Perth from Victoria in 1928 until 
his retirement in 1957, and was responsible for the design of all the bridges built in Western 
Australia in this period, and construction of the major ones.  

 
Community Values: 
• Fremantle Traffic Bridge (1939) is valued by the community as an important public amenity, as 

demonstrated by the documenting of maintenance works to the structure in local and State 
news media.  

• Fremantle Traffic Bridge (1939) is well used for recreational fishing, as it is the only bridge on 
the Swan River from which it is legal to fish.  

• Fremantle Traffic Bridge (1939) contributes to the community’s sense of place, both as a 
landmark in its own right, and for its situation on the site of earlier 1866 and 1898 bridges.  

 
Due to its age, it is likely that the rail bridge has some level of historical and/or heritage 
significance. The Heritage Council will be consulted prior to any works on this bridge. 
 
There are a number of places on the State Register of Heritage Places whose boundaries abut 
that of the project area but works will not take place within these places: 

• Place No. 991 Artillery Barracks and Fremantle Harbour Signal Station (former) which 
includes three Child Places:  

o Naval Stores (Place No. 20320). 
o Limestone Features (Place No. 21554) at 101 Queen Victoria Street. 
o Fmr Married Officers Quarters (Place No. 21555) at 105-121 Queen Victoria Street. 

 
There are also five places on the Local Heritage Surveys within the Project Area: 

• Place No. 22385 North Fremantle Precinct. 
• Place No 22095 House, 85 Stirling Highway. 
• Place No 22097 House, 87 Stirling Highway. 
• Place No 22417 Everybody’s Park. 
• Place No 21605 Limestone Feature(s), Beach Street Reserve. 
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The following Local Heritage Survey Areas abut the Project Area but do not fall within the footprint: 
• Place No 990 Swan Hotel. 
• Place No 991 Artillery Barracks & Fremantle Harbour Signal Station (former) which includes 

three Child Places:  
o Naval Stores (Place No. 20320) at 141 Queen Victoria Street. 
o Limestone Features (Place No. 21554) at 101 Queen Victoria Street. 
o Fmr Married Officers Quarters (Place No. 21555) at 105-121 Queen Victoria Street. 

• Place No 3135 North Fremantle Primary School (fmr). 
• Place No 4610 House, 81 Tuckfield Street. 
• Place No 16585 House, 79 Tuckfield Street. 
• Place No 17484 Residence. 
• Place No 19196 Residence, 2 East Street. 
• Place No 21493 Former Hall, 3 Pearse Street. 
• Place No 21495 House, 5 Pearse Street. 
• Place No 21497 House, 9 Pearse Street. 
• Place No. 22253 House and Former Bakery, 40 Tydeman Road. 
• Place No 22506 Site of North Fremantle Convict Depot. 
• Place No 22517 Swan Street Alignment. 
• Place No 22531 Inner Harbour. 
• Place No 22801 Duplex, 99 Stirling Highway. 
• Place No 22931 Cantonment Hill. 

 
Commonwealth Heritage List  
The Artillery Barracks Place is also a Listed Place on the Commonwealth Heritage Register (Place 
ID 105332) under the EPBC Act. 
 
Maritime Archaeology Act 1973 
The Western Australian Maritime Archaeology Act 1973 protects pre-1900 maritime archaeological 
sites on Western Australian lands and waters and this Act is administered by the Western 
Australian Museum (WAM). 
 
There are two places on the WAM Database (Carnac Register Number 1179, Priestman Grab 
Crane Pontoon ‘A’ Register Number 574). As they have a wreckage date of 1940 and 1968 
respectively, they do not fall under the protection of the Maritime Archaeology Act 1973. 
 

Noise 
The Fremantle Traffic Bridge and the rail bridge are operating roads and railways and there is an 
existing level of road and rail traffic noise that affects adjacent noise sensitive receivers. 
 
As the Proposal is a major road and rail upgrade, it is subject to the provisions described within the 
State Planning Policy 5.4 – Road and Rail (SPP 5.4). 
 
Many of the sensitive receivers located near the Fremantle Traffic Bridge were constructed after 
the publication of the 2009 SPP 5.4.  Accordingly, it is anticipated that many of the nearby noise 
sensitive receivers will already have appropriate noise mitigation within the building to meet the 
noise levels described within SPP 5.4. 
 
Bridge protection works undertaken in 2015/16 involved piling. The piling adversely affected 
adjacent noise sensitive receivers during construction, particularly where piling was conducted out-
of-hours. 
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3 STAKEHOLDER ENGAGEMENT 
Stakeholder consultation has been a key component in the development of the Proposal.  To date 
the consultation has largely been with Government agencies. A wider community consultation 
program began on 6 August 2020. The overarching objectives of the Proposal’s stakeholder 
engagement program are: 

• To inform stakeholders about the Proposal and its impacts to the environment and to 
describe the outcomes of consultation on project design. 

• To establish relationships with key stakeholders that enable ongoing dialogue though 
implementation and regulation of the Proposal. 

 
3.1 Key Stakeholders 
Key stakeholders have been identified through Main Roads’ delivery of projects in the area 
including the High Street Upgrade, which is currently in construction. Key stakeholders consulted 
to date are listed in Table 4. 
 
Table 4 Key Stakeholders for the Proposal 

Stakeholder  Consultation  
Department of Water and 
Environmental Regulation (EPA 
Services) 

Meeting 23 January 2020 to discuss project  
Email correspondence 8-9 June 2020 discussing timing 
of referral. 

Department of Planning, Lands and 
Heritage  

A submission of a Regulation 7 & 10 application under 
the Aboriginal Heritage Act Regulations 1974 for 
geotechnical investigations will be submitted in  
September 2020 

City of Fremantle  The Mayor and Chief Executive Officer of the City of 
Fremantle are members of the Swan River Crossings 
Project Steering Committee. 
 
The City of Fremantle is a member of the Heritage, 
Movement and Place working group and the 
Communications working group.  

WA Museum June 2020 – discussions around the location and 
potential impacts on two shipwrecks in the vicinity of the 
Proposal. Main Roads will undertake a geophysical 
survey of the river bed prior to geotechnical 
investigations being conducted to ensure that the 
geotechnical bore holes do not impact the shipwrecks. 

Fremantle Ports Fremantle Ports is a key stakeholder and is represented 
on a number of project groups including: the Swan River 
Crossings Project Steering Committee, the Heritage, 
Movement and Place working group and the 
Communications working group.  
 

Public Transport Authority (PTA)  The PTA is a key stakeholder for the project and will be 
the ultimate asset owner of part of the works. They are 
on the Swan River Crossings Project Steering 
Committee, the Heritage Movement and Place working 
group, the Communications working group and the 
Technical Working Group. 
 

Department of Transport A series of briefings between October 2019 and July 
2020 have been held with various units within the 
Department of Transport – including freight, marine and 
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active transport to define constraints and opportunities 
to inform the project scope. 
 
The Department of Transport is a member of the 
Heritage, Movement and Place working group and the 
Communications working group. 

Department of Biodiversity, 
Conservation and Attractions, Rivers 
and Estuaries Branch 

Meeting on 1 July 2020 to discuss in-river survey 
methodology. 

Whadjuk People An Aboriginal heritage survey was undertaken on 3 
August 2020 and no new sites were identified within the 
Development area. The Whadjuk People are also 
represented on the Heritage, Movement and Place 
working group. 
 

South West Aboriginal Land and Sea 
Council (SWALSC) 

Ongoing consultation from May 2020 under the Noongar 
Standard Heritage Agreement to identify Aboriginal 
Consultants for Aboriginal heritage surveys. 
 

State Heritage Office, Heritage Council 
and Office of the State Government 
Architect 

Main Roads has been engaging with these agencies 
since September 2019. Main Roads has presented to 
the Heritage Council on several occasions. This 
included a presentation to the State Design Review 
Panel in July 2020. These agencies are represented on 
the Heritage, Movement and Place working group. 

 
3.2 Stakeholder Engagement Process 
Main Roads has developed a Communications and Stakeholder Engagement Strategy, including a 
stakeholder engagement process, to guide the planning, development and delivery of the Swan 
River Crossings Project. The timeline of the stakeholder engagement process is included at 
Appendix E. 
 
A key stakeholder workshop was held on Wednesday 30th October 2019 to: 

• Consider and inform key project parameters and requirements. 
• Inform the design development process. 
• Understand stakeholder needs and expectations; and 
• Inform the scope finalisation process. 

 
A wider community consultation plan was launched on 6 August 2020. Key activities include an 
online engagement hub, community surveys, project newsletters and drop in sessions designed to 
build awareness, gather feedback on the planning to date and identify opportunities to interpret the 
Aboriginal and non-Aboriginal heritage of the crossing into the development and design of the 
project.  
 
The community consultation plan will also seek feedback on the priorities of the community 
regards the urban landscape and design elements of the project. This feedback will be used to 
inform the urban landscape and design framework and strategy of the project as it moves through 
planning, development and construction. 
 
Main Roads is seeking community feedback regarding the replacement of the Fremantle Traffic 
Bridge. Feedback is currently being sought (until 20 September 2020), through an on-line survey 
and community drop in sessions, which will be held in August and September 2020. 
 
To ensure the community is well informed about the Proposal, Main Roads has established a 
Swan River Crossings webpage (https://www.mainroads.wa.gov.au/projects-
initiatives/projects/metropolitan/Swan-River-Crossings/). The website provides useful guidance and 

https://www.mainroads.wa.gov.au/projects-initiatives/projects/metropolitan/Swan-River-Crossings/
https://www.mainroads.wa.gov.au/projects-initiatives/projects/metropolitan/Swan-River-Crossings/
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details on the key elements of the Proposal including: 
• What is happening. 
• Community consultation. 
• Timeline. 
• Project history. 
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4 ENVIRONMENTAL PRINCIPLES AND FACTORS 
 
4.1 Principles 
Section 4A of the EP Act establishes the object and principles of the Act. In accordance with the 
EPA’s Statement of Environmental Principles, Factors and Objectives (EPA, 2020), this section 
describes how each of the five principles of the EP Act has been applied to the Proposal (Table 5). 
 
Table 5 EP Act Principles 

Principle  Consideration 
1. 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:  
a) careful evaluation to avoid, where 
practicable, serious or irreversible damage to 
the environment; and  
b) an assessment of the risk-weighted 
consequences of various options.  

Main Roads will ensure that the Proposal’s 
design avoids serious or irreversible damage to 
the environment. The potential impacts of bridge 
construction are well known and manageable. 
However further studies are required to assess 
the receiving environment. 
 
As part of the alignment definition, potential 
physical and tenure constraints on the alignment 
were considered. These included topography, 
reserves, buildings and major infrastructure. The 
design for the Proposal has been developed after 
taking into account engineering, environmental 
and social considerations and stakeholder 
consultation. 
 
Impacts have been identified and described 
under each key environmental factor and 
mitigation and management measures have 
been proposed to ensure they are 
environmentally acceptable. 

2. 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.  

The Proposal will ensure the health, diversity and 
productivity of the environment is maintained by 
constructing bridges that are sensitive to the 
environment in which they are constructed. 
There has been a crossing of the Swan River at 
this location for more than one hundred years 
and this proposal will allow future generations to 
safely cross the river by various transport modes 
for the foreseeable future.  

3. The principle of the conservation of 
biological diversity and ecological integrity  
 
Conservation of biological diversity and 
ecological integrity should be a fundamental 
consideration.  

This principle is a fundamental consideration in 
Main Roads environmental assessment of this 
proposal. From previous experience in the area 
and knowing the heavy levels of disturbance due 
to the site being adjacent to a working port 
facility, it is anticipated that there is a low level of 
biological diversity and ecological integrity within 
the Development Envelope. Studies are being 
undertaken to determine the level of biological 
diversity and ecological integrity of the site. 
 
It is important to maintain the existing levels of 
biological diversity in a heavily disturbed site 
such as this. Impacts outside of the direct 
footprint of the works will be minimised through 
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management actions such as managing 
sediment transport and the impacts of 
construction noise on marine fauna. 

4. 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 principles – 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.  
 
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.  

Main Roads will bear the costs of mitigation, 
management and remediation of the impacts of 
the Proposal to the Swan River and social 
surroundings.  
 
Full life cycle costs will be considered during 
design and construction of the new bridges. 
 
Through the Infrastructure Sustainability Council 
of Australia (ISCA) framework, the Proposal will 
develop concepts in the design phase to protect 
the environment and enhance the sustainability 
of the Proposal. The Proposal’s design has 
incorporated measures to ensure containment 
and abatement of pollution, through effective 
stormwater management, and by establishing a 
wide median to retain as many large trees as 
practicable.  
 
The ISCA framework encourages the 
implementation of best‐practice and innovative 
sustainability solutions to deliver long-term 
environmental, social and economic benefits. 
 

5. 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.  

The original concept design for the road and 
rail crossing at this location involved the 
demolition of both existing bridges. However 
now the existing rail bridge will be retained and 
enhanced, reducing the amount of waste 
generated by the project. 
 
Unfortunately, the Fremantle Traffic Bridge is 
well beyond its service life.  The bridge's 
structure has been deteriorating over a number 
of years and, despite extensive strengthening 
and maintenance works, the bridge needs to be 
replaced, other than a small portion for a 
historical monument. Where possible the 
timbers from the existing bridge will be reused 
by the community. 
 
The design for the Proposal includes drainage 
design to prevent the discharge of untreated 
storm water into the Swan River.  

 

Waste will be minimised by adopting the 
hierarchy of waste controls; avoid, minimise, 
reuse, recycle and safe disposal. 
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4.2 Identification of Environmental Factors 
Environmental factors are those parts of the environment that may be impacted by an aspect of a 
proposal. The EPA has 13 environmental factors, organised into five themes: Sea, Land, Water, 
Air and People. 

The environmental factors and EPA objectives and their relevance to this Proposal are listed in 
Table 6.the relevance of each factor to the Proposal is summarised and the significant 
environmental factors that require further consideration are identified. Further information 
regarding the factors that are considered relevant to the Proposal is provided in the following 
sections.  

Table 6 Environmental factors relevant to the Proposal 

Theme Factor Objective Relevance to Proposal Significant 
Env Factor 

Sea Benthic 
Communiti
es and 
Habitats 

To protect benthic 
communities and 
habitats so that 
biological diversity 
and ecological 
integrity are 
maintained. 

Some benthic habitat and associated 
communities may be present around the 
piers of the existing bridges. 

Potential loss of benthic habitat through 
direct loss (physical loss of habitat 
through construction). 

Yes 

Coastal 
Processes 

To maintain the 
geophysical 
processes that 
shape coastal 
morphology so 
that the 
environmental 
values of the coast 
are protected. 

No impacts to coastal processes. No 

Marine 
Environme
ntal Quality 

To maintain the 
quality of water, 
sediment and biota 
so that 
environmental 
values are 
protected. 

Piling and sediment excavation may 
impact marine water quality. 

Yes 

Marine 
Fauna 

To protect marine 
fauna so that 
biological diversity 
and ecological 
integrity are 
maintained. 

The Inner Harbour is an important route 
for the migration of fish, crabs and 
prawns between the Swan River and the 
ocean. 

Piling impacts may have a temporary 
acoustic impact on aquatic species, in 
particular cetaceans. 

Yes 

Land Flora and 
Vegetation 

To protect flora 
and vegetation so 
that biological 
diversity and 
ecological integrity 
are maintained. 

There is no remnant native vegetation 
within the project area.  

To the north of the river, there is a 
limited amount of landscaping and street 
scaping of low aesthetic quality. 

No 
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Landforms  To maintain the 
variety and 
integrity of 
significant physical 
landforms so that 
environmental 
values are 
protected.  

Distinctive landforms are not present. No 

Subterrane
an Fauna  

To protect 
subterranean 
fauna so that 
biological diversity 
and ecological 
integrity are 
maintained.  

No subterranean fauna is expected to be 
impacted given the location of the 
Development Envelope. 

No 

Terrestrial 
Environme
ntal Quality  

To maintain the 
quality of land and 
soils so that 
environmental 
values are 
protected.  

Terrestrial environmental quality is not 
expected to be affected by the Proposal.  
 
Although there is a high likelihood of 
encountering contaminated soils during 
works within fill material, standard 
management measures minimise the 
potential of significant adverse impacts 
to the environment. 

No 

Terrestrial 
Fauna  

To protect 
terrestrial fauna so 
that biological 
diversity and 
ecological integrity 
are maintained.  

No significant habitat for terrestrial fauna 
occurs within the Development 
Envelope. All areas of the Proposal have 
been heavily disturbed for many years 
and no natural and little artificial habitat 
remains for terrestrial fauna. 

Yes 

Water Inland 
Waters  

To maintain the 
hydrological 
regimes and 
quality of 
groundwater and 
surface water so 
that environmental 
values are 
protected.  

 

The Swan River is a Nationally 
Important Wetland and is designated as 
a Conservation Category Wetland by 
DBCA.  

The project area lies within a Proclaimed 
Groundwater Area as defined under the 
Rights in Water and Irrigation Act 1914. 

Depth to groundwater varies with the 
ground topography. The groundwater 
level throughout the project area is 0-1 
mAHD.  

Development Envelope is already highly 
disturbed, with Proposal consistent with 
adjacent and current land use.  
Implementation of the Proposal is 
expected to have an environmental 
benefit through the improved 
management of stormwater. 

Yes 

Air Air Quality  To maintain air 
quality and 
minimise 

Perth and Fremantle’s air quality is 
considered relatively good for a city of its 
size. A large proportion of this is due to 

No 
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emissions so that 
environmental 
values are 
protected. 

the ability for pollutants to disperse due to 
the strong prevailing winds.  
 
There are a number of sensitive receivers 
near the works. It is not expected that 
noticeable air emissions will be 
generated during the construction or 
operation of the Proposal 

Greenhous
e Gas 
Emissions 

To reduce net 
greenhouse gas 
emissions in order 
to minimise the 
risk of 
environmental 
harm associated 
with climate 
change. 

Greenhouse gas emissions from 
construction are not expected to exceed 
the annual 100,000 tonnes CO2-e 
threshold described in the EPA’s factor 
guideline. 
 
This Proposal will reduce the operational 
greenhouse gas emissions due to 
improved freight transport in the 
immediate area and within the Perth 
airshed as more freight will be able to be 
moved by rail from Fremantle Port. 
Currently the freight rail line shares a rail 
track with the passenger rail and the 
passenger rail limits freight rail 
movements. With a dedicated freight rail 
line, the number of freight rail movements 
is expected to double following the 
completion of the project. This will 
significantly reduce the number of truck 
movements to and from Fremantle Port. 

No 

People Social 
Surroundin
gs  

To protect social 
surroundings from 
significant harm.  

Aboriginal heritage, historic heritage and 
noise are all relevant to the Proposal. 

Yes 

Human 
Health  

To protect human 
health from 
significant harm. 

No human health impacts expected. No 
radiation emissions.  

No 

.  
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4.3 Benthic Communities and Habitat  
4.3.1 EPA Objective 

To protect benthic communities and habitats so that biological diversity and ecological integrity are 
maintained. 
 

4.3.2 Policy and Guidance 
• Environmental Factor Guideline – Benthic Communities and Habitats (EPA, 2016a)  
• Statement of Environmental Principles, Factors and Objectives (EPA, 2020) 

 
4.3.3 Receiving Environment 

Benthic communities are biological communities that live in or on the seabed. These communities 
typically contain light-dependent taxa such as algae, seagrass, mangroves and corals, which 
obtain energy primarily from photosynthesis, and/ or animals such as molluscs, sponges and 
worms, that obtain their energy by consuming other organisms or organic matter. 
 
Previous surveys in the Fremantle Harbour (SKM, 2009) have indicated that the Inner Harbour has 
a low level of benthic habitat and communities. This is due to the historical disturbance of the area 
in its use as an active port and episodic dredging. The area within the Fremantle Ports 
management area was dredged about ten years ago. Fremantle Ports regularly maintains the 
depth of the dredged depth of the harbour through raking and therefore it is unlikely that any 
benthic habitat occurs downstream of the Development Envelope. 
 
Some benthic habitat and associated communities may be present around the piers of the existing 
bridges. Advice from DBCA Rivers and Estuaries Branch suggests that some patches of 
ephemeral sea grass may occur in the area and provide benthic habitat. Further survey is required 
to confirm the presence or absence of these ephemeral sea grass patches.  
 
Given that sea grass patches are ephemeral and are not currently known within the Development 
Envelope, it is unlikely that its size will exceed 250 m2 (approximately 1% of the Development 
Envelope within the river). Much of the river in this location is likely to be too deep for sea grasses 
and no patches are readily visible in the shallows. 
 

4.3.4 Potential Impacts 
There are three potential impact pathways where this Proposal may cause an impact on benthic 
habitats and communities. These are: 

• Direct loss of benthic habitat by removal of the Fremantle Traffic Bridge and by sediment 
excavation during construction. Any impact on sea grass benthic habitat will be less than 250 
m2. 

• Smothering of benthic habitat through sedimentation caused by disturbance of river 
sediments. 

• Toxicological impacts on organisms within the benthic habitat due to the mobilisation of 
pollutants in river sediments. 

 
However, these impacts are not expected to be significant to benthic habitats due to the lack of 
significant or extensive benthic habitat within the Development Envelope. Impacts from bridge 
construction and demolition will not cause any more sedimentation than the periodic raking that 
occurs within the harbour or the high volume of shipping movements within the vicinity of the 
Development Envelope. 
 

4.3.5 Mitigation 
Main Roads is proposing to undertake a benthic habitat assessment within and upstream of the 
Development Envelope in order to determine the extent, diversity and significance of benthic 
habitat and communities near the Proposal. If significant benthic communities and habitat is 
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identified, the mitigation hierarchy of avoid and minimise will be used to reduce any significant 
residual impact to as low as practicable. 
 
Benthic habitat surveys are not proposed downstream of the Development Envelope, as this area 
was dredged less than ten years and is maintained by Fremantle Ports, so that it is extremely 
unlikely that any benthic habitats exist in this area.  
 
Main Roads will examine opportunities to create habitat for benthic communities as part of the 
bridge construction works. DBCA Rivers and Estuaries Division noted that the piers of the new 
bridges could be used to create habitat. Further investigations will be undertaken to determine if 
this is feasible. 
 
The proposed in-river survey plan, including a benthic habitat survey, is included at Appendix B.  
 

4.3.6 Outcome 
Due to past activities within the Development Envelope, including dredging, Port activities, 
recreational use and existing infrastructure, it is considered unlikely that any significant benthic 
communities or habitat occurs within the project area. Any benthic habitats or communities 
disturbed during implementation of the Proposal would be expected to recolonise following 
completion of the works. 
 
The EPA’s objectives for this factor can be met, as there is unlikely to be any permanent impact on 
significant benthic communities or habitat. 
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4.4 Marine Environmental Quality 
4.4.1 EPA Objective 

To maintain the quality of water, sediment and biota so that environmental values are protected. 

4.4.2 Policy and Guidance 
• Environmental Factor Guideline – Marine Environmental Quality (EPA, 2016b)
• Statement of Environmental Principles, Factors and Objectives (EPA, 2020)

4.4.3 Receiving Environment
The area considered for assessment is the waters of the Swan River Estuary, from the Stirling 
Bridge in Fremantle to the boundary of the Fremantle Harbour, downstream of the rail bridge. This 
is described as part of the Lower Swan Estuary.  

Water quality in the Development Envelope is influenced by both the marine environment and to a 
lesser extent by freshwater river flows in winter. The Lower Swan Estuary has a strong tidal 
influence and is largely composed of marine and saline waters. The low-nutrient marine waters 
limit algal blooms in the lower estuary during summer. During winter, nutrient rich freshwater is 
discharged to the ocean as a plume flowing over saline waters. Deeper waters in the lower estuary 
remain saline even in winter. The ecosystem health of the Lower Swan Estuary is considered to be 
good, despite large historical disturbance (SRT, 2007). 

The Swan River in this location has had a number of potentially contaminating activities that may 
have impacted the quality of the existing river sediments including: 

• Port operations – Fremantle has been an active harbour since the 19th century.
• Dredging of Fremantle Harbour.
• Mooring and operation of private river vessels.
• Previous industry.
• Historical crossing infrastructure.
• Historical in-river works.

Only the higher levels (ie closest to the river bed) of the riverine sediments are expected to contain 
contaminants from historical uses. Deeper sediments, laid down before the 19th century are 
unlikely to contain contaminants. Piling carried out in 2015 confirmed this – the alluvial sediments 
near the river bed contained high levels of contaminants when “mucking out” the piles. Deeper 
sediments from limestone and sandstone layers were relatively inert. 

The Swan River within the Development Envelope is mapped as a “high to moderate risk” (risk 
class 1) of encountering ASS. The southern foreshore (up to Riverside Road) is a “moderate to 
low” risk of encountering ASS (risk class 2). 

4.4.4 Potential Impacts 
The key issues that could impact on Marine Environmental Quality are associated with vessel 
movements, piling and sediment excavation (dredging) and include: 

• Adverse impacts on water quality of contaminant release and mobilisation of sediments.
• ASS impacts.
• Aesthetic issues in the Swan River.

Sediment excavations are expected to be limited in scale and will only be required to allow access 
to the northern river foreshore. The amount of material to be excavated is relatively minor (in the 
order of 1,000 m3). Given the relatively small amount of material to be excavated, this material will 
be disposed of off site. The excavation of sediment is expected to result in a temporary reduction 
in river water quality. 
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Vessel movements have the potential to mobilise sediments when operating in shallow waters, 
resulting in a reduction in river water quality. 

Piling may mobilise sediments through the action of hammering the piles or when “mucking out” 
the piles. Piles used in construction will usually be a hollow steel tube, driven in by a hydraulic 
hammer. As the piles are driven into the river bed, the hollow middle fills up with sediment. Once 
the piles have been driven to their required depth, the sediment is removed (mucking out) and the 
pile is filled with concrete to provide sufficient strength to the pile. Piles will be driven to a depth of 
around 60 m below the surface. 

The hammering action of driving the piles may mobilise small quantities of sediment, resulting in 
a minor, localised reduction in river water quality.  

A vacuum pump will likely undertake “mucking out” of piles. The first 3-5 m will be retained for 
disposal off-site. This is the material most likely to contain contaminants including ASS that may 
pollute the water column. The remainder of the material from the pile is inert and will be disposed 
of to the river bed.  

It is anticipated that the risk of contamination of marine water and sediment quality from the 
Proposal is low. However, this will depend on the results of river sediment sampling to determine 
levels of contamination in the river sediments. 

4.4.5 Mitigation 
Mitigation measures to minimise the impacts on Marine Environmental Quality include the 
following: 

• Refinement of construction methodology.
• Baseline sediment surveys.
• Sediment transport modelling.
• Desktop contamination assessment (Preliminary Site Investigation in accordance with

Department of Water and Environmental Regulation (DWER) Contaminated Sites
Guidelines).

• Development of an ASS management plan in accordance with DWER’s ASS guidelines.
• Water quality monitoring during construction.
• Silt curtains.

The proposed survey plan is included at Appendix B. 

Main Roads is proposing to undertake baseline sediment quality sampling in order to understand 
the level of contaminants present in the upper levels of the river sediments and to inform a 
sediment transport model. 

A Preliminary Site Investigation (PSI) is currently being undertaken to understand the historical 
land use and potential contamination issues throughout the whole Development Envelope. The 
PSI will be conducted in accordance with DWER’s Contaminated Sites Guidelines (DER, 2014 & 
DER, 2017) and may lead to further detailed investigations. 

ASS management will be undertaken in accordance with DWER ASS guidelines (DER, 2015a & 
DER, 2015b). A desktop assessment will be undertaken as part of the PSI. During geotechnical 
investigations, a preliminary investigation of ASS potential will be undertaken. These investigations 
will give an indication of the extent of ASS within the Development Envelope, but will not constitute 
a full ASS investigation in accordance with DER (2015a). A full ASS investigation will be 
undertaken following final design in accordance with DER (2015a). An ASS management plan will 
be developed in accordance with DER (2015b) once the ASS investigation is complete. 

Water quality baseline sampling will be undertaken for at least 12 months once an approval has 
been obtained under the SCRM Act. Water quality monitoring will be undertaken during 
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construction to ensure the protection of ecological and aesthetic values within the Swan River. The 
suite of analytes to be included in the water quality monitoring is the same as for the baseline 
survey as per the survey plan in Appendix B.  

Monitoring will also include visual monitoring for visible plumes during in-river construction 
activities. A camera will be installed to provide remote real-time surveillance for plumes. DBCA and 
Fremantle Ports Authority will be provided access to the camera. There will also be a dedicated 
spotter on-site looking for plumes. When visible plumes do not rapidly disperse, in-river works will 
cease until the reason for the plume is identified and remediated.  

Silt curtains will be used where practicable for in-river works to mitigate potential plumes. The use 
of silt curtains will be limited for this Proposal due to the fast currents in the main river channel. Silt 
curtains are not designed to contain all sediment produced and there will be some sediment that 
escapes the curtains, however given the tidal nature of the Development Envelope, the sediment 
levels are not expected to be substantial. 

4.4.6 Outcome 
Construction operations (e.g. piling and sediment excavation) may cause sediment suspension, 
which may remobilise any contaminants present in the sediment. However, given that increased 
sedimentation and suspension of sediments occurs naturally within the river system at this location 
(e.g. during high rainfall events when there is increased run-off entering the river and also due to 
Fremantle Port’s operations), this temporary impact is considered unlikely to have a significant 
detrimental impact on the marine environmental quality of the area in the longer term.   

The EPA’s objectives for this factor can be met, as there is unlikely to be any permanent impact on 
hydrology or water quality during bridge construction or operation. Impacts on marine 
environmental quality during construction will be minimal and can be readily controlled to ensure 
that there is no environmental harm. The hydrology of the Swan River will be maintained 
throughout construction and operation. 

4.5 Marine Fauna 
4.5.1 EPA Objective 

To protect marine fauna so that biological diversity and ecological integrity are maintained. 

4.5.2 Policy and Guidance 
• Environmental Factor Guideline – Marine Fauna (EPA, 2016c).
• Statement of Environmental Principles, Factors and Objectives (EPA, 2020).

4.5.3 Receiving Environment
The Swan River contains a mix of marine and estuarine species at the Fremantle Traffic Bridge 
and these include: 

• Turtles.
• Dolphins (Indo-Pacific Bottlenose Dolphins).
• Swans.
• Seals.
• Bony fish.
• Sharks.

Dolphins are found in the Swan River and a resident group of Indo-Pacific Bottlenose Dolphins 
(Turisops aduncus) use the Inner Harbour daily year round (SKM, 2009). 

The Inner Harbour is an important route for the migration of fish, crabs and prawns between the 
Swan River and the ocean (SKM, 2009). 
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It is unlikely that any listed or protected species under State or Commonwealth legislation reside in 
the Development Envelope. 

4.5.4 Potential Impacts 
Potential impacts on marine fauna because of this Proposal include: 

• Acoustic impacts from piling and vessel movements.
• Reduction in water quality.

Acoustic impacts are likely to occur during piling operations and to a lesser extent through vessel 
movements. There is evidence that pile driving can effect dolphins’ ability to communicate with 
each other (David, 2006). Of more concern is the possible direct physical trauma in marine 
mammals, birds and fish due to the peak impulse sound pressure of piling. 

The threshold for direct physical trauma in marine animals for peak impulse sound pressure is 
considered to be around 200 dB (David, 2006). Southall et al (2007) identified an injury criteria of 
198 dB re 1 μPa2 ‐s (weighted SEL) mid-range cetaceans (bottle-nosed dolphins) exposed to 
multiple pulses in water.  

When pier protection works were undertaken on the existing Fremantle Traffic Bridge in 2015 
(Appendix C), underwater noise monitoring recorded the following sound exposure levels: 

• Upstream 163.2 dB re 1 µPa2.s at 68 m
• Downstream 172.2 dB re 1 µPa2.s at 21 m.

The levels observed during the piling works in 2015 at Fremantle Traffic Bridge are well below 
those required for direct physical trauma to be likely to occur. It is anticipated that underwater 
noise levels will be similar for this Proposal. 

Parnum et al (2015) recommended the following shut down zones following their investigation into 
piling noise during the 2015 Fremantle Traffic Bridge pier protection works (Appendix C): 

• 20 m shut down zone for marine mammals.
• 500 m shut down zone if distressed marine mammals are observed.
• 1 km no-go zone for swimmers, divers and people in watercraft with a high risk of falling into

the water.

Sedimentation caused by activities such as river bed excavation has the potential to smother 
benthic habitats, reducing habitat availability to marine fauna. Given there is limited benthic habitat 
within the Development Envelope and its immediate vicinity and the limited duration and extent of 
any sediment disturbance, it is unlikely that there will be any significant impact on marine fauna 
due to loss of habitat.   

4.5.5 Mitigation 
In order to obtain a better understanding of the receiving environment, the following additional 
studies are proposed: 

• Underwater acoustic assessment to evaluate the impacts of piling in particular
• Benthic habitat assessment.
• Desktop aquatic fauna survey.

Acoustic impacts to marine fauna will be managed through a piling acoustic mitigation plan that 
includes: 

• Soft start procedures:
o Commence piling with low power and shot frequency and increase to a rate of six

pulses per minute over no less than a 15 minute period.
o If the piling hammer is completely shut down for any reason for a period of more than

10 minutes, the full soft start procedures must be undertaken.
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• Marine Mammal Observers:
o A Marine Mammal Observer (MMO) is to be a trained and competent person
o MMO to be present on site during all piling works to the satisfaction of the

Superintendent.
o The MMO shall keep a record of the time, date and nature of all sightings in

accordance with the Swan River Dolphin Watch program
• Marine Mammal Exclusion Zones:

o 20 m total exclusion zone for all marine mammals – if an animal moves into this zone
all piling works are to cease immediately

o 500 m exclusion zone for marine mammals in distress – if an animal is observed
within 500 m of the works that appears to be in distress, works are to cease.

Main Roads has implemented similar mitigation measures in two recent Swan River bridge 
construction projects involving piling without any incidents of injury to bottle-nosed dolphins. 
Anecdotal observations from these projects suggests that dolphins are initially attracted to the 
sound of the piling, but then they become acclimatised to the noise and undertake normal 
behaviours. 

Main Roads will investigate options for marine habitat enhancement. DBCA Rivers and Estuaries 
Branch suggested at a meeting on 1 July 2020 that Main Roads investigate habitat enhancement 
around the new bridge piers, in order to replace habitat lost because of the project and to enhance 
marine fauna habitat in the Fremantle Port area.  

Mitigation of sedimentation and smothering of marine fauna habitat is addressed under the Benthic 
Communities and Habitats and Marine Environmental Quality environmental factors and is not 
considered significant for the Proposal. 

4.5.6 Outcome 
The EPA’s objectives for this factor can be met as bridge construction and demolition is unlikely to 
significantly impact marine fauna within the Swan River. Proposed mitigation measures including 
MMO’s, soft start procedures for piling and marine fauna exclusion zones, which have worked 
successfully for other major Swan River projects, will minimise the possibility of harm to marine 
mammals. There is limited benthic habitat in the form of seagrass within or adjacent to the 
Development Envelope that may be impacted by the Proposal. 
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4.6 Inland Waters 
4.6.1 EPA Objective 

To maintain the quality of groundwater and surface water so that environmental values are 
protected. 

4.6.2 Policy and Guidance 
• Environmental Factor Guideline- Inland Waters Environmental Quality (EPA, 2016d)
• Statement of Environmental Principles, Factors and Objectives (EPA, 2020)

4.6.3 Receiving Environment
There is a significant overlap between the Inland Waters environmental factor and the Marine 
Environmental Quality environmental factor. This is due to the Proposal’s proximity to the mouth of 
the Swan River. 

The area considered for assessment is the waters of the Swan River Estuary, from the Stirling 
Bridge in Fremantle to the boundary of the Fremantle Harbour, downstream of the rail bridge. This 
is described as part of the Lower Swan Estuary. The Swan River Estuary is classified as an 
Estuary-Waterbody and a Conservation Category Wetland. 

Water quality in the Development Envelope is influenced by both the marine environment and to a 
lesser extent by freshwater river flows in winter. The Lower Swan Estuary has a strong tidal 
influence and is largely composed of marine and saline waters. The low-nutrient marine waters 
limit algal blooms in the lower estuary during summer. During winter, nutrient rich freshwater is 
discharged to the ocean as a plume flowing over saline waters. Deeper waters in the lower estuary 
remain saline even in winter. The ecosystem health of the Lower Swan Estuary is considered to be 
good, despite large historical disturbance (SRT, 2007). 

The Swan River in this location has had a number of potentially contaminating activities that may 
have impacted the quality of the existing river sediments including: 

• Port operations – Fremantle has been an active harbour since the 19th century.
• Dredging of Fremantle Harbour.
• Mooring and operation of private river vessels.
• Previous industry.
• Historical crossing infrastructure.
• Historical in-river works.

Only the higher levels (ie closest to the river bed) of the riverine sediments are expected to contain 
contaminants from historical uses. Deeper sediments, laid down before the 19th century are 
unlikely to contain contaminants. Piling carried out in 2015 confirmed this – the alluvial sediments 
near the river bed contained high levels of contaminants when “mucking out” the piles. Deeper 
sediments from limestone and sandstone layers were relatively inert. 

The Swan River within the Development Envelope is mapped as a “high to moderate risk” (risk 
class 1) of encountering ASS. The southern foreshore (up to Riverside Road) is a “moderate to 
low” risk of encountering ASS (risk class 2). 

Depth to groundwater within the Development Envelope varies with the ground topography. The 
groundwater level throughout the project area is 0-1 mAHD. Groundwater is likely to be saline due 
to saltwater intrusion to the surficial aquifer. However, this may still be suitable for construction 
purposes, but it is unlikely to be suitable for irrigation.  

Groundwater to the north of the river has the potential to be contaminated by historical land uses. 
Several sites are listed as contaminated or remediated restricted use and may have leached 
hydrocarbons and heavy metals to the groundwater. 
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4.6.4 Potential Impacts 
The Proposal has the potential to result in minor temporary impacts to water quality the 
hydrological regime and aquatic fauna.   

Temporary, short-term impacts on the Swan River Reserve may occur during the construction 
phase, including: 

• increased turbidity and sediment resuspension from piling, demolition, excavation and other
works in the river that may create sediment plumes (and potentially mobilise contaminants
within these plumes)

• hydrocarbon spills due to project activities
• impacts to aquatic fauna, due to benthic habitat modifications, increased turbidity, mobilised

contaminants in sediments and impacts arising from construction noise and vibration (these
are addressed under the Environmental Factor – Marine Fauna)

Permanent impacts that may arise from bridge construction may include modifications to riverbed 
levels and condition. The installation of bridge footings will result in the loss of small area of 
benthic habitat (<1 ha) and temporary impacts to a small area of benthic habitat surrounding this. 

4.6.5 Mitigation 
The following mitigation measures are proposed to minimise impacts on Inland Waters: 

• Where possible, there will be no foreshore disturbance on the Swan River outside of the
permanent footprint of the Proposal.

• The road and rail drainage design for works associated with the Swan River and its
catchment will incorporate measures to improve the current situation regarding potential
downstream impacts from run-off.  All drainage water will be treated prior to entering the river.

• The principles of water sensitive urban design for stormwater management will be
incorporated into road and bridge drainage design.

• New bridges will not drain directly to the river.
• Management of impacts from riverbed/benthic habitat disturbance and prevention of

sediment plumes.
• Careful consideration of bridge construction methods in order to minimise river bed impacts

outside of the permanent footprint.
• Where temporary filling of the river is required (i.e. for the construction of a temporary

causeway) all fill material is to be removed from the river and the river bed reinstated to pre-
construction levels using clean fill material approved by DBCA

• All temporary fill material placed into the river below the water line is to have a minimum
diameter/ particle size of 50 mm.

• If excavation of river sediments is required, the excavated sediments will be removed from
the river and disposed of or reused (outside of the river) in an appropriate manner.

• Collection of river baseline data on water quality, sediments and benthic habitat/fauna.
• Use of silt curtains where practical for in-river works.
• Measures to protect fauna from underwater noise and vibration impacts including the use of

a marine mammal observer, soft-start piling procedures and stop-work procedures will be
implemented.

• Fit-for-purpose lighting will be installed that minimises light spill into the river to avoid impacts
to aquatic fauna.

• Access to the foreshore by members of the public will be maintained or enhanced post-
construction.

• A geotechnical and groundwater investigation to determine the risk of the mobilisation of
contaminated groundwater into the river will be carried out prior to construction.

Any works in the river within the SCRM Act Development Control Area, including geotechnical and 
scientific investigations, requires approval by DBCA under the SCRM Act. 
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4.6.6 Outcome 
Given the Proposal’s close proximity to the mouth of the Swan River, there is a significant overlap 
between the Inland Waters environmental factor and the Marine Environmental Quality 
environmental factor. Only one of these factors should be considered potentially significant for this 
Proposal. Due to the significant marine influence on this part of the Swan Estuary, Main Roads 
considers it more appropriate that the impacts are assessed under Marine Environmental Quality 
rather than Inland Waters. 

The EPA’s objectives for this factor can be met, as there is unlikely to be any permanent impact on 
hydrology or water quality during bridge construction or operation. Impacts on water quality during 
construction will be minimal and can be readily controlled to ensure that there is no environmental 
harm. Hydrology of the Swan River will be maintained throughout construction and operation. 

The bridge construction and demolition works may have a small direct effect on Swan River water 
quality. Construction operations (e.g. piling) may cause sediment resuspension, which is likely to 
temporarily impact on sessile benthic species and may remobilise any contaminants present in the 
sediment. However, given that increased sedimentation and resuspension of sediments occurs 
naturally within the river system (e.g. during high rainfall events when there is increased run-off 
entering the river), this temporary impact is considered unlikely to have a significant detrimental 
impact on the ecosystem of the area in the longer term.  
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4.7 Social Surroundings (Noise and Heritage) 
4.7.1 EPA Objective 

To protect social surroundings from significant harm. 

4.7.2 Policy and Guidance 
• Environmental Factor Guideline – Social Surroundings (EPA, 2016e).
• Statement of Environmental Principles, Factors and Objectives (EPA, 2020).
• The Western Australian Environmental Protection (Noise) Regulations 1997 (Noise

Regulations).
• State Planning Policy 5.4 – Road and Rail Traffic Noise (DPLH, 2019).

4.7.3 Receiving Environment

Aboriginal Heritage 
There is one registered Aboriginal heritage site within the Development Envelope: 

• ID 3536 Swan River

The Swan River is a mythological site of significance to the Noongar people. Any impacts to the 
river are generally considered to have an impact on the mythological site (Figure 8). 

One registered site abuts the southern extent of the proposed works: 
• ID 3419 Fremantle: Cantonment Hill (Registered Site).

Cantonment Hill is a ceremonial, mythological and campsite. 

Historic Heritage 
The Fremantle Traffic Bridge and ferry capstan base are listed as a single entry on the Heritage 
Council of Western Australia’s Register of Heritage Places. A historic record of the Fremantle 
Traffic Bridge has been developed and is attached at Appendix D.  

The Fremantle Traffic Bridge as a piece of road infrastructure is obsolete and unable to be 
maintained. The bridge does not meet current safety design standards for road users, pedestrians 
or cyclists. The structure of the bridge does not allow the existing structure to be maintained or 
upgraded. The wooden structure has deteriorated in the marine environment over the past 80 
years of its operational life and is at risk of catastrophic failure. 

The State Heritage Register listing identifies a number of historic and community values 
associated with the Fremantle Traffic Bridge and ferry capstan base. These have been listed 
below: 

Historic values: 
• Fremantle Traffic Bridge (1939) is located at a site which has been a river crossing point since

1866 when an earlier bridge, associated with the convict era of Western Australian history, was
built.

• Fremantle Traffic Bridge (1939) is also built on the site of the earlier 1898 bridge, associated
with the development of Fremantle Harbour and the expansion of public works in Western
Australia in the Gold Boom of the 1890s.

• Fremantle Traffic Bridge (1939) demonstrates the continued use of timber in bridge building in
Western Australia into the 1930s, where its cost was low, relative to other materials, and its
qualities well understood.

• Ferry Capstan Base contributed to the development of Fremantle through its use in hauling
vessels on the river in the nineteenth century.

• Fremantle Traffic Bridge (1939) was designed by engineer E.W. (Ernie) Godfrey, who was in
charge of the Bridge Section of Main Roads from his arrival in Perth from Victoria in 1928 until
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his retirement in 1957, and was responsible for the design of all the bridges built in Western 
Australia in this period, and construction of the major ones.  

Community Values: 
• Fremantle Traffic Bridge (1939) is valued by the community as an important public amenity, as

demonstrated by the documenting of maintenance works to the structure in local and State
news media.

• Fremantle Traffic Bridge (1939) is well used for recreational fishing, as it is the only bridge on
the Swan River from which it is legal to fish.

• Fremantle Traffic Bridge (1939) contributes to the community’s sense of place, both as a
landmark in its own right, and for its situation on the site of earlier 1866 and 1898 bridges.

Due to its age, it is likely that the rail bridge has some level of historical and/or heritage 
significance. The Heritage Council will be consulted prior to any works on this bridge. 

There are a number of places on the State Register of Heritage Places whose boundaries abut 
that of the project area but works will not take place within these places: 

• Place No. 991 Artillery Barracks and Fremantle Harbour Signal Station (former) which
includes three Child Places:

o Naval Stores (Place No. 20320).
o Limestone Features (Place No. 21554) at 101 Queen Victoria Street.
o Fmr Married Officers Quarters (Place No. 21555) at 105-121 Queen Victoria Street.

There are also five places on the Local Heritage Surveys within the Project Area: 

• Place No. 22385 North Fremantle Precinct.
• Place No 22095 House, 85 Stirling Highway.
• Place No 22097 House, 87 Stirling Highway.
• Place No 22417 Everybody’s Park.
• Place No 21605 Limestone Feature(s), Beach Street Reserve.

The following Local Heritage Survey Areas abut the Project Area but do not fall within the footprint: 
• Place No 990 Swan Hotel.
• Place No 991 Artillery Barracks & Fremantle Harbour Signal Station (former) which includes

three Child Places:
o Naval Stores (Place No. 20320) at 141 Queen Victoria Street.
o Limestone Features (Place No. 21554) at 101 Queen Victoria Street.
o Fmr Married Officers Quarters (Place No. 21555) at 105-121 Queen Victoria Street.

• Place No 3135 North Fremantle Primary School (fmr).
• Place No 4610 House, 81 Tuckfield Street.
• Place No 16585 House, 79 Tuckfield Street.
• Place No 17484 Residence.
• Place No 19196 Residence, 2 East Street.
• Place No 21493 Former Hall, 3 Pearse Street.
• Place No 21495 House, 5 Pearse Street.
• Place No 21497 House, 9 Pearse Street.
• Place No. 22253 House and Former Bakery, 40 Tydeman Road.
• Place No 22506 Site of North Fremantle Convict Depot.
• Place No 22517 Swan Street Alignment.
• Place No 22531 Inner Harbour.
• Place No 22801 Duplex, 99 Stirling Highway.
• Place No 22931 Cantonment Hill.

Commonwealth Heritage List 
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The Artillery Barracks Place is also a Listed Place on the Commonwealth Heritage Register (Place 
ID 105332) under the EPBC Act. 

Maritime Archaeology Act 1973 
The Western Australian Maritime Archaeology Act 1973 protects pre-1900 maritime archaeological 
sites on Western Australian lands and waters and this Act is administered by the Western 
Australian Museum (WAM). 

There are two places on the WAM Database (Carnac Register Number 1179, Priestman Grab 
Crane Pontoon ‘A’ Register Number 574). As they have a wreckage date of 1940 and 1968 
respectively, they do not fall under the protection of the Maritime Archaeology Act 1973. 

Noise 
A number of existing noise sources occur within and adjacent to the Development Envelope. 
These include: 

• Fremantle harbour – vessel movement and freight handling
• Passenger railway
• Freight railway
• Road traffic along Queen Victoria Street, Tydeman Road and Canning Highway
• Other river vessels

A noise sensitive receiver is defined under State Planning Policy 5.4 Road and Rail Noise as: 
Land-uses or development occupied or designed for occupation or use for residential purposes 
(including dwellings, residential buildings or shortstay accommodation), caravan park, camping 
ground, educational establishment, child care premises, hospital, nursing home, corrective 
institution or place of worship (DPLH, 2019). 

There are a number of noise sensitive receivers to the north of the Swan River and several noise 
sensitive receivers to the south of the river. Many of these receivers have been in place for many 
years and are unlikely to have any form of noise mitigation within the structures. However there are 
a number of more recent developments north of the river that have been built in the context of the 
existing noise environment and should have had noise mitigation installed during construction. 

Some residential apartments are less than 50 m away from the proposed new traffic bridge. 

North of Tydeman Road there are several noise sensitive receivers very close to the existing rail 
bridges. These properties are less than 10 m from the passenger rail track. Rail noise in this 
location is likely to be in the order of 64-68 dBA LAeq. 

4.7.4 Potential Impacts 

Aboriginal Heritage 
One registered Aboriginal site ID 3536 Swan River will be directly impacted by the proposal. The 
Swan River is a mythological site of significance to the Noongar people. Any impacts to the river 
are generally considered to have an impact on the mythological site.  

An Aboriginal heritage survey with the Whadjuk People was undertaken on 3 August 2020 
whereby the representatives on the survey did not object to a s18 application to be submitted by 
Main Roads to disturb the registered site, Swan River, for the purposes of constructing the Swan 
River Crossings Project and subsequent maintenance of these structures. The Aboriginal 
Consultants also gave consent for Main Roads to submit an application under Regulations 7 and 
10 of the Aboriginal Heritage Regulations 1974 to undertake geotechnical investigations within the 
Swan River. 
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Historic Heritage 
The Proposal will significantly impact the State Heritage registered site “Fremantle Traffic Bridge 
and Capstan”. The existing bridge will be demolished as part of the Proposal and it is likely the 
Capstan base will be demolished or relocated. 

A number of sites listed on the Municipal Heritage Inventory will potentially be impacted. These 
include but are not limited to: a direct impact on the Beach Street Reserve “Limestone Feature” 
(Place no 21605); works within the North Fremantle Precinct (Place no 22385) and a PSP through 
“Everyman’s Park” North Fremantle (Place no 22417). Other sites listed on the Local Heritage 
Survey Areas above may also be adversely impacted. 

Noise 
Noise from this proposal has the potential to impact adjacent noise sensitive receivers during both 
construction and operation. 

Construction noise is likely to have a significant detrimental impact on nearby noise-sensitive 
receivers during bridge construction and to a lesser extent during road construction. Piling during 
bridge construction will have the most impact on social surroundings, especially as some 
residential apartments are likely to be within 50 m of piling activities. 

The impact of piling on amenity is due to both the loudness of the piling hammer striking the pile 
and duration of piling. Piling will produce an A-weighted sound power level of between 126-147 dB 
at the pile. This will reduce by approximately 40 dB at 50 m and 50 dB at 100 m. Several dozen 
piles will need to be driven during the construction of the two new bridges. Piling is expected to 
continue for several months and may occur over several periods during construction. 

Road traffic noise is unlikely to increase beyond existing levels. The replacement of the traffic 
bridge will not increase the capacity of the existing road network and traffic volumes are not 
expected to increase beyond normal traffic growth. The realignment of the traffic bridge may bring 
Queen Victoria Street closer to some noise sensitive receivers. Without noise modelling it is not 
possible to quantify the impact to existing noise sensitive receivers. 

Rail noise may increase slightly from existing levels, as the passenger rail line will move closer to 
some residents when it is realigned onto the new bridge over the river. However, this is still 
expected to be below the SPP 5.4 noise target of 60 dBA. Residential properties north of Tydeman 
Road will likely be receiving noise in excess of the noise target. 

A road and rail noise assessment is required to determine the extent of the impact of noise from 
this proposal. 

4.7.5 Mitigation 

Aboriginal Heritage 
Ongoing consultation will be undertaken with the Whadjuk Noongar representatives in order to 
establish mitigation measures to minimise potential impacts on Aboriginal heritage.  

Main Roads will apply for a Section 18 consent to disturb an Aboriginal heritage site under the 
Aboriginal Heritage Act 1972. 

Mitigation measures are expected to include, but are not limited to: 
• Minimising the number of bridge piers to be placed in the river as far as practicable:

o The new rail bridge will have the same number of piers as the existing rail bridge (six
piers in the river).

o The new traffic bridge will have no more than five piers in the river.
• Engaging Aboriginal monitors to be present during ground disturbing activities.
• Interpretive signage.
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• Cultural ceremony prior to works commencing. 
• Cultural ceremony prior to bridge opening. 
• Consider Aboriginal place names for the bridge(s)  

 

Historic Heritage 
Main Roads has been engaging with a number of stakeholders to develop a Heritage Interpretation 
Strategy for this Proposal. The strategy will ultimately be approved by the State Heritage Council 
and will be implemented in the construction of the new traffic bridge and the demolition of the 
current traffic bridge. 
 
The Heritage Interpretation Strategy is currently in development and will include the following 
elements: 

• A design response interpreting the old built form and fabric of the traffic bridge in the new 
bridge. 

• Adaptive reuse of part of the old bridge as a viewing platform and historical monument. 
• Historic narratives through landscaping, graphic design and/or artefacts. 
• Public artworks. 
• Lighting design. 
• Interpretive and wayfinding signage. 
• Nomenclature. 
• Events. 

 

Noise 
General construction noise will be managed in accordance with Regulation 13 (Construction) in the 
Environmental Protection (Noise) Regulations 1997 (Noise Regulations). A construction noise 
management plan will be developed for approval by the City of Fremantle (under delegation from 
DWER).  
 
The greatest impact of construction noise will be from piling during bridge construction. Piling noise 
impacts will be mitigated through the following actions: 

• Consultation with nearby noise sensitive receivers to inform them of when piling will be 
occurring. 

• Restricting piling to the hours of 7am to 5pm Monday to Friday:  
o Note that this is a reduction in the hours of work permitted in the Noise Regulations 
o No piling permitted on weekends or public holidays 
o This allows for an extension of time to 7pm where piling has commenced but was not 

completed prior to 5pm 
• Piles are to be hollow to improve penetration (in comparison to flat bottomed piles) 
• Piling hammer is to be encased and if possible to be fitted with a shroud 

 
A road and rail noise assessment is required in order to determine what noise mitigation will be 
required as a result of this proposal.  
 

4.7.6 Outcome 
The EPA’s objective of protecting social surroundings from significant harm can be achieved for 
this proposal. 
 
Main Roads is consulting with a number of stakeholders regarding historic heritage. Consultation 
through the Heritage, Movement and Place stakeholder reference group will ensure that the new 
structure and surrounds will be sympathetic to the history of the bridge and the location as a 
crossing place.  
 
Consultation with Aboriginal stakeholders was delayed due to the COVID-19 restrictions. 
Consultation occurred on 3 August 2020 and a report on the outcomes is currently being 
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developed. Main Roads will seek to minimise impacts on Aboriginal heritage as far as practicable 
during construction. 
 
Construction noise is likely to cause impacts to adjacent residents. However, this will be a 
temporary impact during construction and can be managed under the provisions of the 
Environmental Protection (Noise) Regulations 1997 in order to minimise the impacts as far as 
practicable. 
 
Road and rail traffic noise is not expected to appreciably increase because of the Proposal. 
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4.8 Terrestrial Environmental Quality 
4.8.1 EPA Objective 

To maintain the quality of land soils so that environmental values are protected. 

4.8.2 Policy and Guidance 
• Environmental Factor Guideline – Terrestrial Environmental Quality (EPA, 2016f)
• Statement of Environmental Principles, Factors and Objectives (EPA, 2020)
• Contaminated Sites Guidelines (DER, 2014 & DER, 2016)
• ASS Guidelines (DER, 2015a & DER, 2015b)

4.8.3 Receiving Environment
The Development Envelope has been heavily disturbed by a number of land uses over the past 
century or more. Many of these land uses have been potentially contaminating through historical 
industrial or port activities. This has led to most of the landward side of the Fremantle Port complex 
being classified under the Contaminated Sites Act 2003 as “Remediated Restricted Use” (Figure 
7). 

Fremantle Port has been classified as “Remediated Restricted Use” and is restricted to 
commercial/industrial use. This classification is due to detection of petroleum hydrocarbons in soils 
and groundwater and residual ACM present in soil in a confined containment cell. 

The “Basic Summary of Records” describes North Quay (33 Tydeman Road North Fremantle) as: 
“primarily reclaimed land largely filled by dredged spoil” that was used for “oil distribution, grain 
storage, a tannery, railway land, cement manufacturer and wool storage and treatment”. 

The existing rail bridge was built around the same time as Fremantle Port’s North Quay expansion 
in the 1960s. It is likely that the fill material used to construct the approaches to the rail bridge is of 
similar quality to the adjacent port fill material. 

The Development Envelope within the river – between the bridge abutments – is a “high to 
moderate risk” (risk class 1) of encountering ASS. The southern foreshore (up to Riverside Road) 
is a “moderate to low” risk of encountering ASS (risk class 2) (Figure 7). 

From previous works on the Fremantle Traffic Bridge, all surficial river sediments are expected to 
be ASS and contain contaminants. 

 

4.8.4 Potential Impacts 
There is a high likelihood of encountering contaminated soils during works within fill material. 

The rail embankment material, especially on the northern side of the river, may contain ACM or 
other contaminants. The railway line is also likely to contain asbestos and metals from railway 
operations. Spills and dust deposition from rail carting (eg lead or nickel ore being transported to 
Fremantle Port in open carriages) may have also lead to contamination. 

The river sediments are likely to contain levels of contaminants due to historical Fremantle Port 
activities and accumulation of contamination from upstream contaminating activities. 
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4.8.5 Mitigation 
Main Roads is currently undertaking a PSI for the Development Envelope in accordance with 
DWER’s Assessment and management of contaminated sites. Contaminated sites guidelines 
(DER, 2014). The intent of the PSI is to identify areas for additional survey and sampling through a 
Detailed Site Investigation (DSI). 

A Contamination Management Plan will be developed based on the results of the PSI and DSI and 
the proposed construction methodology.  

A detailed ASS investigation will be undertaken once the final design and location of bridge piers is 
known. An ASS management plan will be developed because of the ASS investigation. The ASS 
management plan is likely to include: 

• An ASS pad to be established prior to the commencement of works to manage any ASS or
PASS encountered. The ASS pad will be above the 100-year ARI flood level

• Consultation with DBCA (Rivers and Estuaries) regarding management of ASS in the river
sediments

• The ASS investigation and management plan will be developed in accordance with
DWER’s ASS guidelines (DER, 2015a & DER, 2015b).

 

4.8.6 Outcome 
The EPA’s objective for Terrestrial Environmental Quality can be readily met through routine 
contamination management. It is unlikely that there will be any uncontrollable releases of any 
contaminants into the environment because of the Proposal. The potential for encountering 
contamination is well known and the expected contaminants are readily managed to minimise any 
impact on the environment. 
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5 OTHER ENVIRONMENTAL FACTORS OR MATTERS 
No other environmental factors or matters are considered to be significant (Table 6). 

6 OFFSETS 
As the Proposal will not have a significant residual impact on any of the environmental factors, no 
offsets are proposed for this Proposal. 
 

7 MATTERS OF NATIONAL ENVIRONMENTAL SIGNIFICANCE 
The Swan River Crossings project is unlikely to have a significant impact on any matter of national 
environmental significance, as described under the Commonwealth EPBC Act. Main Roads does 
not intend to refer this project to the Commonwealth Department of Agriculture, Water and the 
Environment. 
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8 CONCLUSION 
Main Roads is proposing to build the Swan River Crossings (the Proposal) that includes the 
construction of new road and rail bridges, the upgrading of the existing rail bridge and the 
demolition of the existing Fremantle Traffic Bridge in Fremantle, Western Australia. The purpose of 
the Proposal is to improve the levels of safety and transport capacity for motorists, pedestrians, 
cyclists, rail and river users at the Swan River Crossing. 
 
The Fremantle Traffic Bridge was opened in 1939 as a temporary crossing and has served its 
function well. However, the bridge's structure has been deteriorating over a number of years and, 
despite extensive strengthening and maintenance works, the bridge needs to be replaced. 
 
The Proposal will: 

• Replace the Fremantle Traffic Bridge. 
• Include a new rail bridge for passenger rail. 
• Include a new principal shared path for pedestrians and cyclists connecting North 

Fremantle Station to the new bridge and across the Swan River. 
• Seek to retain parts of the old bridge on the southern foreshore for future community use. 

 
The Proposal has the potential to adversely impact environmental and social values within the 
Development Envelope. A summary of these impacts include but are not limited to: 

• Water quality: 
o Sedimentation during in-river construction. 
o Mobilisation of contaminants in river sediments. 
o ASS. 

• Marine fauna: 
o Adverse impacts on water quality. 
o Noise due to piling and vessel movements. 

• Benthic habitat: 
o Adverse impacts on water quality. 
o Smothering of habitat due to sedimentation during construction. 

• Social amenity – noise: 
o Noise during construction, especially from piling. 
o Road and rail traffic noise during operation. 

• Aboriginal Heritage: 
o The Swan River is a significant Aboriginal heritage site and impacts on the river 

need to be carefully considered. 
• Historic Heritage: 

o The Fremantle Traffic Bridge is listed on the State Heritage Register under the 
Heritage Act 2018. 

• Contamination: 
o There are a number of known contaminated or remediated sites within or in close 

proximity to the Proposal. 
o Historic land uses have left a legacy of pollution that may be mobilised by the 

Proposal. 
 
Main Roads considers that there are a number of the EPA’s factors that are relevant to the 
Proposal: 

• Benthic Communities and Habitat. 
• Marine Environmental Quality. 
• Marine Fauna. 
• Inland Waters. 
• Social Surroundings, and 
• Terrestrial Environmental Quality.  
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The Proposal has a number of benefits, environmentally, socially and economically including but 
not limited to: 

• Improved safety for road users and pedestrians. The current Fremantle Traffic Bridge does 
not meet current safety standards for road users and pedestrians. The new bridge will meet 
all modern safety standards. 

• Increased rail efficiency. The Proposal will result in a dedicated freight rail line from 
Fremantle Port, increasing the number of rail movements available from the port. This will 
enable more freight to be transported by rail rather than road. 

• Improved river navigation. The current Fremantle Traffic Bridge has only two navigation 
spans that do not align well with the rail bridge navigation spans. The new bridges will 
increase the size of the navigation spans under the traffic bridge and will better align the 
navigation spans with the existing rail bridge to improve river navigation. 

• Improved water flows. The large number of piles in the river from the existing Fremantle 
Traffic Bridge causes some impediment to water flows to and from the Swan Estuary. This 
creates a turbulent water flow and affects river navigation. A reduction in the number of 
piles will allow a less turbulent flow of water under the bridge. 

• Acknowledgement of the history of this place as a crossing point of the Swan River. The 
Swan River entrance was a natural crossing point of the Swan River by Aboriginal people 
for thousands of years before European settlement. This location has also been the site of 
four previous road bridges since European settlement and will continue to be an important 
crossing point of the river. The Proposal will acknowledge this through the retention of part 
of the existing bridge as an interpretive centre. 

 
Although the Proposal will potential affect up to six of the EPA’s factors, Main Roads considers that 
the potential affect on each factor is minor, temporary, readily managed and well regulated through 
other regulatory processes.   
 
Proposal will meet the EPA’s environmental objective for each factor.  
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10 APPENDICES 
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Appendix A: Assessment of listed fauna species likelihood of occurrence. 
 



Swan River Crossings - EPA Referral Supporting Document 

 

Document No: D20#627360 Page 62 of 80 

Table A1 –-Listed Species and Communities that may occur within the Development Envelope (species list from Protected Matters Search 
Tool and DBCA database search). 
Species Common Name EPBC Status BC Act Status Likelihood of Occurrence 
Birds     

Actitis hypoleucos Common Sandpiper Migratory  
Marine 

MI Unlikely to occur – recorded to 3.5km upstream at Chidley 
Reserve in 2011. No important sites in WA1. 

Anous stolidua Common Noddy Migratory 
Marine 

MI Unlikely to occur. Has been recorded within 1 km of the project 
area in 1946 and at North Mole in 2002. At extreme southern end 
of range (SPRAT). No important habitat. 

Anous tenuirostris 
melanops 

Australian Lesser 
Noddy 

Vulnerable 
Marine 

Endangered Unlikely to occur – species is known to breed in the Houtman 
Abrolhos and potentially at Ashmore Reef. Individuals tend to 
remain near breeding islands all year, but may be displaced by 
gale force winds2. No recent nearby records from past 50 years. 

Apus pacificus Fork – tailed Swift Marine 
Migratory 

MI May occur – exclusively aerial. No important habitat. 

Arenaria interpres Ruddy Turnstone Migratory 
Wetland 

MI May occur – no important habitat 

Ardea alba / Ardea 
modesta 

Great Egret, White 
Egret Marine - Not considered further – EPBC Act only applicable in regards to 

this species in or on a Commonwealth area. 

Ardea ibis Cattle Egret Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Ardenna carneipes Flesh-footed 
Shearwater Migratory Vulnerable  

MI May occur – historical records within 1 km. No important habitat. 

Botaurus poiciloptilus Australasian Bittern Endangered 
Endangered Unlikely to occur – historical records from Swanbourne and 

Mosman Park more than 60 years old. Prefers freshwater 
wetlands with tall dense vegetation, particularly habitats with 

                                                
1 Bamford M., D. Watkins, W. Bancroft, G. Tischler & J. Wahl, (2008) Migratory Shorebirds of the East Asian - Australasian Flyway: Population estimates and 
internationally important sites. Accessed 3 October 2019 from http://www.environment.gov.au/system/files/resources/782ebed5-6bdd-4a41-9759-
b60273b52021/files/shorebirds-east-asia.pdf.   
2 Threatened Species Scientific Committee (2015). Conservation Advice Anous tenuirostris melanops. Australian Lesser Noddy. Accessed 3 October 2019 at 
http://www.environment.gov.au/biodiversity/threatened/species/pubs/26000-conservation-advice-01102015.pdf 

http://www.environment.gov.au/system/files/resources/782ebed5-6bdd-4a41-9759-b60273b52021/files/shorebirds-east-asia.pdf
http://www.environment.gov.au/system/files/resources/782ebed5-6bdd-4a41-9759-b60273b52021/files/shorebirds-east-asia.pdf
http://www.environment.gov.au/biodiversity/threatened/species/pubs/26000-conservation-advice-01102015.pdf
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Species Common Name EPBC Status BC Act Status Likelihood of Occurrence 
sedges, rushes and reeds3. No suitable habitat within project 
area. 

Calidris acuminata Sharp tailed 
Sandpiper 

Migratory 
Marine 

MI Unlikely – prefers shallow fresh or brackish wetlands and the 
deep marine environment does not support suitable habitat for 
the species4.  

Calidris alba Sandarling Migratory 
Marine 

MI Unlikely – found along the coast, with an important site at Garden 
Island, they like open sandy beaches4. No suitable habitat. 

Calidris canutus Red Knot Endangered 
Marine 

Endangered  
MI 

Unlikely to occur – historical record (1982) 3 km east of project 
area. Nearest internationally important site is Lake McLeod, just 
north of Carnarvon1. Multiple records from the Peel-Harvey 
estuary. Their preferred foraging habitat of intertidal mudflats, 
sand flats and sandy beaches on sheltered coasts does not 
occur within the project area4. 

Calidris ferruginea Curlew Sandpiper 

Critically 
Endangered 
Marine 
Migratory 

Critically 
Endangered 
MI 

Unlikely to occur – Multiple records at Alfred Cove, 6km 
upstream in the Swan River. No records in the immediate vicinity 
of the project area. Preferred habitat is intertidal mudflats in 
sheltered coastal areas, such as estuaries, bays, inlets and 
lagoons, which does not occur in the project area4. 

Calidris melanotos Pectoral Sandpiper Migratory 
Marine 

MI Unlikely to occur – suitable habitat not present within the project 
area. Nearby records at Woodman Point, South Lake and 
Thomsons Lake. Prefers shallow fresh to saline wetlands4. 

Calidris ruficollis Red-necked Stint Migratory 
Marine 

MI Unlikely to occur – preferred habitat of coastal areas, including 
in sheltered inlets, bays, lagoons and estuaries with intertidal 
mudflats4 does not occur within project area, but there are 
numerous records of the species in the mudflats of the Swan 
River including Alfred Cove and the South Perth foreshore. 

                                                
3 Threatened Species Scientific Committee (2010). Conservation Advice Botaurus poiciloptilus. Australasian Bittern. Accessed 4 October 2019 at 
http://www.environment.gov.au/biodiversity/threatened/species/pubs/1001-conservation-advice.pdf 
4 Department of the Environment and Energy. (2019). Species Profile and Threats Database. Available online from: http://www.environment.gov.au/cgi-
bin/sprat/public/sprat.pl / Accessed 4 October 2019. 

http://www.environment.gov.au/biodiversity/threatened/species/pubs/1001-conservation-advice.pdf
http://www.environment.gov.au/cgi-bin/sprat/public/sprat.pl
http://www.environment.gov.au/cgi-bin/sprat/public/sprat.pl
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Calidris subminuta Long-toed Stint Migratory 
Marine 

MI Unlikely to occur – nearest record at Woodman Point. Prefers 
shallow terrestrial wetlands4.  

Calidris tenuirostris Great Knot 

Critically 
Endangered 
Marine 
Migratory 

Critically 
Endangered 
MI 

Unlikely to occur – all internationally important sites for the 
species occur in northern Australia1. Known records upstream in 
the Swan River at Alfred Cove and Perth Water. Suitable habitat 
for the species includes sheltered coastal habitats with intertidal 
mudflats or sandflats4. This habitat is not present in the project 
area. 

Calonectris 
luecomelas Streaked Shearwater Migratory 

Marine 
MI Unlikely to occur – not listed in PMST search 

Calyptorhynchus 
banksii naso 

Forest Red-tailed 
Black Cockatoo Vulnerable Vulnerable Likely to occur – no foraging or breeding habitat present in 

project area. 

Calyptorhynchus 
baudinii Baudin’s cockatoo Endangered Endangered Unlikely to occur – Outside of known range, no foraging or 

breeding habitat present in project area. 

Calyptorhynchus 
latirostris 

Carnaby's Cockatoo, 
Short-billed Black-
Cockatoo 

Endangered 
Endangered Likely to occur – no foraging or breeding habitat present in 

project area. 

Catharacta skua Great Skua Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Charadrius bicinctus Double-banded Plover Migratory 
Marine 

MI Unlikely to occur – no national or internationally significant sites 
within Western Australia1. No habitat for this wader occurs in the 
project area.  

Charadrius dubius Little ringed plover Migratory 
Marine 

MI Unlikely to occur – not listed in PMST search 

Charadrius 
leschenaultii Greater Sand Plover Vulnerable 

Marine 

Vulnerable 
MI 

Unlikely to occur – some records within the Swan River upstream 
(eg Alfred Cove). Internationally or nationally important sites 
within Australia are in the far north from Eighty Mile Beach to the 
Gulf of Carpentaria1. No suitable habitat occurs in the project 
area as the species prefers sheltered locations with mudflats or 
sandbanks4. 
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Charadrius monolus Lesser Sand Plover Endangered 
Marine 

Endangered 
MI 

Unlikely to occur – sites of international and national importance 
occur in north east Queensland1. Species habitat is primarily 
intertidal sandflats and mudflats – these do not occur in the 
project area. Has been recorded upstream in the Swan River at 
Pelican Point. 

Childonias 
leucopterus 

White-winged black 
tern 

Marine 
Migratory 

MI Unlikely to occur – not listed in PMST search 

Diomedea 
amsterdamensis Amsterdam Albatross 

Endangered 
Marine 
Migratory 

Critically 
Endangered Unlikely to occur – it is a non-resident visitor to Australia and will 

likely only occur at sea in Australian waters. 

Diomedea dabbenena Tristan Albatross Endangered 
Marine 

Critically 
Endangered 

Unlikely to occur – it is a marine pelagic seabird that forages, 
sleeps and rests on the ocean when not breeding4. 

Diomedea 
epomophora 

Southern Royal 
Albatross 

Vulnerable 
Marine 

Vulnerable Unlikely to occur – a marine pelagic seabird only makes land 
when breeding on a small number of subantarctic islands. 

Diomedea exulans Wandering Albatross 
Vulnerable 
Marine 
Migratory 

Vulnerable 
MI Unlikely to occur – critical habitat is Macquarie Island (breeding). 

It is marine, aerial and pelagic4. 

Diomedea sanfordi Northern Royal 
Albatross 

Endangered 
Marine 
Migratory 

Endangered 
Unlikely to occur – feeds in the Southern Ocean4. 

Falco peregrinus Peregrine Falcon - OS May overfly area – no important habitat 

Gallinago megala Swinhoe’s Snipe Migratory 
Marine 

MI Unlikely to occur – primarily found in northern Australia during 
migrations1 

Gallinago stenura Pin-tailed Snipe Migratory 
Marine 

MI Unlikely to occur – no sites of international significance in 
Australia 1. 

Glareola maldivarum Oriental Pratincole Migratory 
Marine 

MI Unlikely to occur 

Haliaeetus 
leucogaster 

White-bellied Sea-
Eagle Marine MI Not considered further – EPBC Act only applicable in regards to 

this species in or on a Commonwealth area. 
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Halobaena caerulea Blue Petrel Vulnerable 
Marine 

- Unlikely to occur – breeds in subantarctic islands may be present 
as a vagrant. No records in DBCA database 

Heteroscelus brevipes Grey-tailed Tattler Marine MI Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Hydroprogne caspia Caspian Tern Migratory 
MI 

 
May occur – some records exist in the Perth area. Prefers 
sheltered coastal embayment’s. May overfly project area, no 
important habitat present. 

Ixobrychus dubius Australian Little Bittern - P4 Unlikely to occur 

Larus pacificus Pacific Gull Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Leipoa ocellata Malleefowl Vulnerable Vulnerable Does not occur –no suitable habitat  

Limicola falcinellus Broad-billed 
Sandpiper 

Migratory 
Marine 

MI Unlikely to occur – only Australian site of international 
importance at Port Hedland saltworks2. Few records exist in the 
south west of WA4. 

Limosa lapponica 
baueri 

Bar-tailed Godwit 
(bauera) Vulnerable 

Vulnerable Unlikely to occur – no suitable habitat present as it prefers 
mudflats. Suitable habitat present upstream at Alfred Cove and 
other places in the Swan River. 

Limosa lapponica 
menzbieri 

Northern Siberian Bar-
tailed Godwit Endangered 

Critically 
Endangered 

Unlikely to occur – internationally important sites in Australia are 
in the north west around Eighty Mile Beach. No records within 
100km of Perth. 

Limosa lapponica Bar-tailed Godwit Marine 
Migratory 

MI Unlikely to occur – no suitable habitat present as it prefers 
mudflats. Suitable habitat present upstream at Alfred Cove and 
other places in the Swan River. 

Limosa limosa Black-tailed Godwit Marine MI Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Macronectes 
giganteus Southern Giant-Petrel 

Endangered 
Marine 
Migratory  

MI Unlikely to occur – no suitable habitat forages and breeds in 
Antarctica and may be observed as far north as Australia in 
winter.  



Swan River Crossings - EPA Referral Supporting Document 

 

Document No: D20#627360 Page 67 of 80 

Species Common Name EPBC Status BC Act Status Likelihood of Occurrence 

Macronectes halli Northern Giant Petrel 
Vulnerable 
Marine 
Migratory 

MI Unlikely to occur – species is marine and oceanic4. May visit 
subtropical waters. 

Merops ornatus Rainbow Bee-eater Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Minatopus 
himantopus Pied Stilt Marine - Not considered further – EPBC Act only applicable in regards to 

this species in or on a Commonwealth area. 

Motacilla cinerea Grey Wagtail Migratory  
Marine 

MI Not considered further – extremely uncommon migrant, no 
important habitat5 

Ninox connivens 
connivens 

Barking Owl (SW 
Population) - P3 Unlikely to occur 

Numenius 
madagascariensis 

Eastern Curlew, Far 
Eastern Curlew 

Critically 
Endangered 
Marine 
Migratory 

Critically 
Endangered 
 

Unlikely to occur – species occur in southern WA from Eyre with 
scattered records from Stokes Inlet to Peel inlet. It is a scarce 
visitor to Houtman Abrolhos and has been recorded around 
Shark Bay6. Sites of international importance in WA are in the 
north west. Has been recorded at Alfred Cove. 

Numenius minutus Little Curlew Migratory MI Unlikely to occur - Sites of international importance in WA are in 
the north west. No important habitat present. 

Numenius phaeopus Whimbrel Migratory 
Marine 

MI Unlikely to occur – Sites of international importance in WA are in 
the north west. No important habitat present. Occasionally 
recorded in south west WA. 

Oceanites oceanicus Wilson’s storm-petrel Migratory MI Unlikely to occur – not listed in PMST search 

Onychoprion 
anaethetus Bridled Tern Migratory MI Unlikely to occur – species rarely recorded along mainland 

coasts as it forages offshore. Breeding is widespread in WA on 

                                                
5 Commonwealth of Australia (2015). Draft referral guideline for 14 birds listed as migratory species under the EPBC Act. Accessed 4 October 2019 from 
http://www.environment.gov.au/biodiversity/threatened/publications/epbc-act-referral-guidelines-migratory-birds. 
6 Threatened Species Scientific Committee (2015). Conservation Advice Numenius madagascariensis. Eastern Curlew. Accessed 3 October 2019 at 
http://www.environment.gov.au/biodiversity/threatened/species/pubs/847-conservation-advice.pdf 
 

http://www.environment.gov.au/biodiversity/threatened/publications/epbc-act-referral-guidelines-migratory-birds
http://www.environment.gov.au/biodiversity/threatened/species/pubs/847-conservation-advice.pdf
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islands from Cape Leeuwin to Shark Bay4. Known records at 
Shoalwater Bay 30km south of the project area. 

Oxyura australis Blue-billed duck - P4 Unlikely to occur. 

Pachyptila turtur 
subantarctica Fairy Prion (southern) Vulnerable 

Marine 

- Unlikely to occur – mainly known around its breeding site at 
Macquarie Island in Australian territory, but has a circumpolar 
distribution. No DBCA records in WA. 

Pandion haliaetus Osprey Migratory 
Marine 

MI May overfly area, no important habitat. 

Phaethon rubricauda Red-tailed tropicbird Migratory 
Marine 

MI Unlikely to occur – not listed in PMST search 

Phalaropus lobatus Red-necked 
Phalarope 

Migratory 
Marine 

MI Unlikely to occur. Known to be a regular at Rottnest Island4. 
Species has a largely oceanic distribution outside of its breeding 
season. No internationally important sites for the species in 
Australia1. 

Philomachus pugnax Ruff Migratory 
Marine 

MI Unlikely to occur – no recent records. 

Phoebetria fusca Sooty Albatross Vulnerable 
Marine 

Endangered Unlikely to occur – not listed in PMST search 

Plegadis falcinellus Glossy Ibis Migratory 
Marine 

MI Unlikely to occur – not listed in PMST search 

Pluvialis fulva Pacific Golden Plover Migratory 
Marine 

MI Unlikely to occur – nearby records all from shallow wetlands or 
mudflats. It is rarely recorded from the south west of WA 4. 

Pluvialis squatarola Grey Plover Marine 
Migratory 

MI May occur – existing record in Fremantle Port, but prefers 
mudflats for foraging. No breeding occurs in Australia. No 
internationally important sites in the project area4. 

Pterodroma mollis Soft-plumaged Petrel Vulnerable 
Marine 

- Unlikely to occur – generally a subantarctic species, but can be 
found in subtropical waters. The Soft-plumaged Petrel is a 
marine oceanic specie that feeds on cephalopods, fish and 
crustaceans 
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Puffinus assimilis Little Shearwater Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Recurvirostra 
novaehollandiae Red-necked Avocet Marine - Not considered further – EPBC Act only applicable in regards to 

this species in or on a Commonwealth area. 

Rostratula australis Australian Painted-
snipe 

Endangered 
Marine 

Endangered Unlikely to occur – not recorded within 5 km and suitable habitat 
not present 

Sterna anathetus Bridled Tern Marine MI Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Sterna caspia Caspian Tern Marine MI Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Sterna dougallii Roseate Tern Migratory MI Unlikely to occur – rarely occurs in inshore waters or near the 
mainland 4. 

Sterna nereis nereis Fairy Tern Vulnerable Vulnerable Unlikely to occur – historical record only  

Stercorarius 
parasiticus Artic Jaeger Marine MI Unlikely to occur – not listed in PMST search 

Stercorarius 
pomarinus Pomarine Jaeger Migratory MI Unlikely to occur – not listed in PMST search 

Thalassarche carteri Indian Yellow-nosed 
Albatross Vulnerable Endangered Unlikely to occur – oceanic species. 

Thalassarche cauta 
cauta 

Shy Albatross, 
Tasmanian Shy 
Albatross 

Vulnerable 
Marine 
Migratory 

Vulnerable 
MI Unlikely to occur – oceanic species. 

Thalassarche cauta 
steadi 

White-capped 
Albatross 

Vulnerable 
Marine 
Migratory  

Vulnerable 
MI Unlikely to occur – oceanic species. 

Thalassarche 
impavida 

Campbell Albatross, 
Campbell Black-
browed Albatross 

Vulnerable 
Marine  
Migratory 

Vulnerable 
MI Unlikely to occur – oceanic species. 
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Thalassarche 
melanophris 

Black-browed 
Albatross 

Vulnerable 
Migratory 
Marine 

Endangered 
MI Unlikely to occur – oceanic species. 

Thalasseua bergii Crested Tern Marine  
Migratory 

MI Unlikely to occur – not listed in PMST search 

Thinornis rubricollis Hooded Plover Marine P4 Unlikely to occur – not listed in PMST search 

Tringa brevipes Grey-tailed Tattler Migratory 

MI Unlikely to occur – species is known to occur between Augusta 
and Cervantes in the south west of WA. Species preferred 
habitat is sheltered coasts or intertidal mudflats4. Neither occurs 
in the project area – no important habitat. 

Tringa glareola Wood Sandpiper Migratory 
MI Unlikely to occur – no internationally important sites in Australia1. 

No important habitat in project area as species prefers well-
vegetated shallow freshwater wetlands. 

Tringa nebularia Common Greenshank Marine 
Migratory 

MI Unlikely to occur – there are many records from freshwater 
wetlands in the Perth area and also upstream in the Swan River 
from Point Walter. No suitable or important habitat present in 
project area. 

Tringa stagnatilis Marsh Sandpiper Marine 
Migratory 

MI Unlikely to occur – internationally important sites in Australia are 
from Darwin to the Gulf of Carpentaria1. No suitable habitat. 

Tringa totanus Common Redshank Migratory MI Unlikely to occur – only DBCA records are from the Pilbara. 

Tyto novaehollandiae 
navaehollandiae Masked Owl (SW) - P3 Unlikely to occur 

Xenus cinereus Terek Sandpiper Migratory MI Unlikely to occur – nearest DBCA record is the Peel Inlet. 

Mammals     

Arctocephalus forsteri New Zealand Fur-seal Marine OS Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Arctocephalus 
tropicalis Subantarctic fur-seal Endangered 

Marine 
Vulnerable Unlikely to occur 
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Balaenoptera 
acutorostrata Minke Whale Marine - Not considered further – EPBC Act only applicable in regards to 

this species in or on a Commonwealth area. 

Balaenoptera 
physalus Fin Whale Vulnerable 

Migratory 
Endangered Unlikely to occur 

Balaenoptera 
musculus Blue Whale 

Endangered 
Migratory  
Marine 

Endangered Unlikely to occur – blue whales are known off the Perth coastline, 
but it highly unlikely that they will travel up the harbour to the 
project area. 

Balaenoptera edeni Bryde’s Whale Migratory  
Marine 

- Unlikely to occur – Bryde’s whales are known off the Perth 
coastline, but it highly unlikely that they will travel up the harbour 
to the project area. 

Caperea marginata Pygmy Right Whale Migratory  
Marine 

- Unlikely to occur – generally found south of 32oC latitude. 

Delpnius delphis Common Dolphin Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Dasyurus geoffroii Chuditch, Western 
Quoll Vulnerable Vulnerable Unlikely to occur – suitable habitat not present 

Eubalaena australis Southern Right Whale 
Endangered 
Migratory  
Marine 

Vulnerable Unlikely to occur – unlikely to travel up the harbour to the project 
area. 

Grampus griseus Risso’s Dolphin Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Hydromys 
chrysogaster Water-rat - P4 Unlikely to occur. No DBCA records of the species within 10km 

since 1935. 

Isoodon fusciventer Quenda - P4 Unlikely to occur – no records within 2 km. 

Megaptera 
novaeangliae Humpback Whale 

Vulnerable 
Migratory 
Marine 

Conservation 
Dependent 
Fauna  

Unlikely to occur – Humpback Whales are known to migrate up 
the west coast of WA to calving grounds in the Kimberley from 
their Antarctic feeding area. The Perth region is not recognised 
important resting area during the migration4. 
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Neophoca cinerea Australian Sea-lion Vulnerable 
Marine 

Vulnerable Unlikely to occur – no known colonies near the project area, 
although there are several colonies in islands around Garden 
Island and northern beaches of Perth. 

Orcinus orca Killer Whale Migratory 
Marine 

- Unlikely to occur – rarely seen off Perth.  

Pseudocheirus 
occidentalis 

Western Ringtail 
Possum 

Critically 
Endangered 

Critically 
Endangered  Unlikely to occur – suitable habitat not present 

Setonix brachyurus Quokka Vulnerable Vulnerable Unlikely to occur – may stow away on the Rottnest Ferry. 

Stenella attenuata Spotted Dolphin Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Tursiops aduncus Indian Ocean 
Bottlenose Dolphin Marine - Not considered further – EPBC Act only applicable in regards to 

this species in or on a Commonwealth area. 

Tursiops truncates s. 
str Bottlenose Dolphin Marine - Not considered further – EPBC Act only applicable in regards to 

this species in or on a Commonwealth area. 
Plants     

Andersonia gracilis Slender Andersonia Endangered Vulnerable  Does not occur – nearest record 150km north 

Caladenia huegelii Grand Spider-orchid Endangered Critically 
Endangered 

Does not occur. Nearest record 8km south east. No suitable 
habitat, no native vegetation present. 

Diuris micrantha Dwarf Bee-orchid Vulnerable Vulnerable Does not occur. Nearest record 24km south. No suitable habitat, 
no native vegetation present. 

Diuris purdiei Purdie's Donkey-
orchid Endangered Endangered Does not occur. Nearest record 16km south east. No suitable 

habitat, no native vegetation present. 

Drakaea elastica Glossy-leafed 
Hammer Orchid Endangered Critically 

Endangered 
Does not occur. Nearest record 8km south east. No suitable 
habitat, no native vegetation present. 

Drakaea micrantha Dwarf Hammer-orchid Vulnerable Endangered Does not occur. Nearest record 16km south east. No suitable 
habitat, no native vegetation present. 

Eleocharis keigheryi Keighery's Eleocharis Vulnerable Vulnerable Does not occur. Nearest record 40km north east. No suitable 
habitat, no native vegetation present. 
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Lepidosperma 
rostratum Beaked Lepidosperma Endangered Endangered Does not occur. Nearest record 16km east. No suitable habitat, 

no native vegetation present. 

Thelymitra stellata Star Sun-orchid Endangered Endangered 
 

Does not occur. Nearest record 16km east. No suitable habitat, 
no native vegetation present. 

Reptiles     

Caretta caretta Loggerhead Turtle Marine 
Endangered 

Endangered May occur – Historical records on Perth beaches north and south 
of Fremantle. No critical habitat present. Breeding occurs north 
of Shark Bay. No foraging aggregation areas in the vicinity.  

Chelonia mydas Green Turtle Marine 
Vulnerable 

Vulnerable Unlikely to occur – Green Turtles nest, forage and migrate 
across northern Australia, but individuals can stray into 
temperate waters4. 

Dermochelys coriacea Leatherback Turtle Marine 
Endangered 

Vulnerable Unlikely to occur – The Leatherback Turtle is a highly pelagic 
species that only ventures close to shore during nesting season. 
There are no major nesting sites in Australia4. 

Eretmochelys 
imbricata Hawksbill Turtle Vulnerable 

Marine 
Vulnerable Unlikely to occur 

Lerista lineata Lined Lerista - P3 May occur – common in the Metropolitan area 

Natator depressus Flatback Turtle Marine 
Vulnerable 

Vulnerable Unlikely to occur – in WA the species mainly occurs in the north 
west of the state, from Exmouth to the Kimberley Coast 4. 

Neelaps calonotos Black-striped Snake - P3  
Sharks     

Carcharias taurus  
Grey Nurse Shark 
(west coast 
population) 

Vulnerable 
Vulnerable 
 

May occur – species is not known to frequent estuaries. No 
critical habitat for the species in the project area. 

Carcharodon 
carcharias Great White Shark 

Vulnerable 
Migratory 
Marine 

Vulnerable May occur –No critical habitat for the species in the project area. 

Lamna nasus Mackerel Shark Migratory 
Marine 

- Unlikely to occur – primarily inhabits oceanic waters and areas 
around the continental shelf. 
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Manta alfredi Reef Manta Ray Migratory 
Marine 

- Unlikely to occur – species predictably aggregates at particular 
locations. No evidence of aggregations around Fremantle. 

Manta birostris Giant Manta Ray Migratory 
Marine 

- Unlikely to occur – pelagic species migrates across oceans 

Rhincodon typus Whale Shark 
Vulnerable 
Migratory 
Marine 

Other specially 
protected fauna 

Unlikely to occur – prefers warmer waters and rarely sighted 
near Perth 

Fish     
Acentronura australe Southern Pygmy 

Pipehorse 
Marine - Not considered further – EPBC Act only applicable in regards to 

this species in or on a Commonwealth area. 

Campichthys galei Gale's Pipefish Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Choeroichthys suillus Pig-snouted Pipefish Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Halicampus brocki Brock's Pipefish Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Heraldia nocturna Upside-down Pipefish Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Hippocampus 
angustus 

Western Spiny 
Seahorse 

Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Hippocampus 
breviceps 

Short-head Seahorse Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Hippocampus 
subelongatus 

West Australian 
Seahorse 

Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Histiogamphelus 
cristatus 

Rhino Pipefish Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Lissocampus caudalis Australian Smooth 
Pipefish 

Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 
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Lissocampus 
fatiloquus 

Prophet's Pipefish Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Lissocampus runa Javelin Pipefish Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Maroubra perserrata Sawtooth Pipefish Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Mitotichthys 
meraculus 

Western Crested 
Pipefish 

Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Nannocampus 
subosseus 

Bonyhead Pipefish Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Phycodurus eques Leafy Seadragon Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Phyllopteryx 
taeniolatus 

Common Seadragon Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Pugnaso curtirostris Pugnose Pipefish Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Solegnathus lettiensis Gunther's Pipehorse Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Stigmatopora argus Spotted Pipefish Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Stigmatopora nigra Widebody Pipefish Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Syngnathoides 
biaculeatus 

Double-end Pipehorse Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Urocampus 
carinirostris 

Hairy Pipefish Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Vanacampus 
margaritifer 

Mother-of-pearl 
Pipefish 

Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 
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Species Common Name EPBC Status BC Act Status Likelihood of Occurrence 
Vanacampus phillipi Port Phillip Pipefish Marine - Not considered further – EPBC Act only applicable in regards to 

this species in or on a Commonwealth area. 

Vanacampus 
poecilolaemus 

Longsnout Pipefish Marine - Not considered further – EPBC Act only applicable in regards to 
this species in or on a Commonwealth area. 

Invertebrate     

Hesperocolletes 
douglasi 

Douglas Broad-
headed Bee 

Critically 
Endangered 

Critically 
Endangered 

Unlikely to occur – recent discovery of species in 2015 was in 
Banksia woodlands 50km to the north. The lack of native 
vegetation and the highly disturbed landscape in the vicinity of 
the project area make it highly unlikely that the species may 
occur in the area. 

Hylaeus globuliferus Woolybush Bee - P3 Unlikely to occur. Two records from North Mole from 1934 & 
1935. Unlikely that suitable habitat still remains. 

Leioproctus contrarius A short-tongued bee  P3 Unlikely to occur. Very few records or information on the species 
available. Only one record within 10km at Murdoch University.  

Synemon gratiosa Graceful Sunmoth - P4 Does not occur. No suitable habitat 

Westralunio carteri Carter's freshwater 
mussel Vulnerable Vulnerable Does not occur. Species requires freshwater with salinity of 

<1.6ppt. Project area is essentially a marine environment. 
Ecological 
Communities     

Banksia Woodlands of the Swan Coastal Plain 
ecological community 

Endangered 
Community 

- Unlikely to occur – suitable habitat not present. No native 
vegetation in project area 

Coastal Saltmarsh – Subtropical and 
Temperate Saltmarsh  Vulnerable - Unlikely to occur – suitable habitat not present. No native 

vegetation or foreshore vegetation present 

Tuart Woodlands and Forests of the Swan 
Coastal Plain ecological community 

Critically 
Endangered 

- Unlikely to occur – no native vegetation present. 
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1. Introduction 
 

1.1 Project Description 
 
Main Roads Western Australia (Main Roads) is proposing to build a new road and rail bridge solution 
in Fremantle Western Australia to replace the existing Fremantle Traffic and Rail Bridges. The existing 
Fremantle Traffic Bridge will be demolished and two new bridges will be built (for a total of three 
bridges) incorporating four traffic lanes, three rail lines (two passenger, one freight) and 
pedestrian/cyclist facilities.  
 
Currently the Fremantle Traffic Bridge is a large wooden structure and is well beyond its anticipated 
service life. The existing rail bridge lies in close proximity to the traffic bridge, but on a slightly 
different alignment and with insufficient rail tracks to cater for freight and passenger rail. The pier 
alignment of the two existing bridges complicates river navigation. 
 
The existing traffic bridge had an expected life of 40 years and was constructed in 1938/9, the third 
on the site since 1863. The bridge was upgraded in 1974 to extend its life for another 30 years. This 
extended life has now been reached, and future road planning in the area has shown that there is a 
need to maintain a four lane traffic bridge across the Swan River at this location. At least 30,000 
vehicles use the traffic bridge per day.  
 
The Proposal will ensure that the Swan River Crossing at this location will provide appropriate levels 
of safety and transport capacity for motorists, pedestrians, cyclists, rail and river users.  
 
Works will include: 
• Construction of a new road and rail traffic bridge with the following features: 

o 4 traffic lanes 
o 3 rail tracks to allow separation of the passenger and freight rail lines 
o Principle Shared Path 

• The new bridges will tie into the existing road and rail network south of the river 
• Roadworks to tie into Queen Victoria Street north of the river before Tydeman Road 
• Demolition of the existing road traffic bridge 
• New alignment and bridges to replace the existing rail bridges over Tydeman Road 
• Rail works north of Tydeman Road to tie rail tracks into the existing network 
• PSP to North Fremantle Station 
 
Refer to Figure 1 for project location.  
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1.2 Project Background 
 

The existing traffic bridge had an expected life of 40 years and was constructed in 1938/9, the third 
bridge on the site since 1863. The bridge was upgraded in 1974 to extend its life for another 30 
years. This extended life has now been reached, and future road planning in the area has shown 
that there is a need to maintain a four lane traffic bridge across the Swan River at this location. At 
least 30,000 vehicles use the traffic bridge per day (Main Roads WA, 2020). 
 
The rail bridge was constructed in 1959 to replace the previous rail bridge. The previous rail bridge 
was on a different alignment and had collapsed and been repaired in 1926 following floods. 
Currently there is only capacity for two rail lines on this bridge. However, the bridge services both 
the Fremantle passenger line and the freight rail line from the port of Fremantle. The passenger rail 
has priority over the freight rail on the bridge due to the frequency of services. This leads to 
inefficiencies running the freight rail, as it can only operate in a window between passenger 
services. 
 
The Fremantle Traffic Bridge has permanent listing on the Heritage Council of WA’s register of 
heritage places and is associated with a Ferry Capstan Base found on the southern bank of the 
river. Whilst the heritage listing covers both, it is clear that the main association between the two is 
that together they represent continuous river crossing at this location over a period of almost 200 
years. Nevertheless, different engineers constructed the two at different times. This site is also 
identified as a major river crossing for the Nyungah People and as such represents a place of 
crossing for tens of thousands of years. 
 

1.3 Justification 
 
The existing bridges do not meet the infrastructure needs of the community and industry. Main 
Roads has several major concerns regarding the ongoing use of the current Fremantle Traffic 
Bridge relating to safety: 

• The Fremantle Traffic Bridge is now well beyond its intended service life 
• Ongoing maintenance of the wooden substructure is proving increasingly difficult and this 

has led to closure of all or part of the bridge in order to achieve repairs sufficient to have 
confidence that the load bearing capacity of the bridge is not compromised, 

• The traffic lanes are narrow for modern traffic and this makes it difficult to cross the bridge 
for larger vehicles during high wind conditions, 

• The dual use path is very narrow, 
• There is a mismatch between the navigation spans of this bridge and the neighbouring rail 

bridge, which can create a navigation hazard during spring tides to water vessels, 
• The clearance height of the bridge restricts the size of vessel that can travel upstream. 

 
Strengthening and protection works were undertaken in 2015-16 on both bridges. However, these 
measures were only considered temporary and were instigated to ensure that there was no 
catastrophic failure of either bridge prior to a determination on a permanent solution at the site. A 
significant body of environmental work was undertaken during these works. 
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There have been a number of investigations in the past fifteen years into replacing the Fremantle 
Traffic Bridge in particular. However, none of these have progressed beyond initial design and 
investigation. 
 

1.4 Project Location 
 
The project area is located on Queen Victoria Street (H031) and the adjacent rail line in the port of 
Fremantle as this road and rail cross the river. Roadworks are anticipated to extend north to 
Tydeman Road and will tie into the existing road network south of the river at Canning Highway 
and Queen Victoria Street (Figure 1). 
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Figure 1 Swan River Crossings project location 
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2. Survey Requirements
2.1 Survey Background 

The key component of the Swan River Crossings project is the demolition of the existing road 
traffic bridge and construction of a new road and rail traffic bridge over the Swan River.  
Any large-scale development with in-river works is likely to present risk of habitat loss, the 
disturbance of contaminated sediments, and the longitudinal distribution of these contaminants. 
Smothering of benthic fauna from uncontained sediment plumes is an additional, but easily 
controlled, risk. 

Main Roads has prepared a Preliminary Environmental Impact Assessment (PEIA) for the project 
that details the likely key impacts that need to be managed to progress the works program, the 
associated scopes of work and the approvals regime. Key environmental issues identified in the 
PEIA that will require further investigation and surveys, include: 

• Contamination – Likely associated with Port activities. Asbestos Containing Material (ACM)
may exist around bridge abutments and Poly-fluoroalkyl substances (PFAS) and tributyltin
organotin compounds (TBT) may be present in the water/sediment.

• Acid Sulfate Soils (ASS) – Project works will require excavation of the river sediments via
dredging, mucking out of piles and demolition of existing bridges, causing the potential to
expose ASS.

• Groundwater – Dewatering may be required for bridge abutments.
• Surface Water Quality – Water quality within the river is likely to be impacted during new

bridge construction and the demolition of the existing structure.
• River Geomorphology – There will likely be changes to sedimentation patterns as a result of

the project works.
• Aquatic Fauna – Potential impacts to river fauna as a result of piling noise.
• Benthic Communities – Potential to cause loss of habitat for Benthic communities.

The PEIA for the Swan River Crossings project determined that the project is not likely to have a 
significant impact on any Matters of National Environmental Significance (MNES) and does not 
require referral to the Department of Agriculture, Water and the Environment (DAWE).  
Due to the scale of the project, the potential significance of its impacts on social surroundings and 
the Swan River, as well as the significant public and media interest that is expected to be generated 
by the project, referral to the Environmental Protection Authority (EPA) is required. 

This report aims to outline the scope for the in-river surveys that are required for the Swan River 
Crossings project. 
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3. Contamination 
 

3.1 Overview 
 
Contaminated sites are regulated in Western Australia (WA) by the Department of Water and 
Environmental Regulation (DWER), through the Contaminated Sites Act 2003 and Contaminated 
Sites Regulations 2006. DWER requires that site assessments refer to the Assessment and 
Management of Contaminated Sites (DWER, 2014) and National Environment Protection (Assessment 
of Site Contamination) Measure (NEPC, 2013).  
 
The entire Swan River is mapped as having a “high to moderate risk of Acid Sulfate Soils (ASS) 
within three metres of the natural site level”, with portions of the southern embankment appearing 
to have a “moderate to low risk of ASS within three metres of the natural site level but high to 
moderate risk of ASS beyond three metres”. 
 
Whilst the sediments in the Swan River will likely be ASS, there is potential given the proximity to 
the ocean and nature of the surrounding geology, that there will be sufficient kinetically available 
buffering present through naturally occurring limestones and lime sand. As such, Acid Neutralising 
Capacity testing (ANC) is proposed to determine the existing acid buffering capacity. 
 

3.2 Survey Approach 
 
A Preliminary Site Investigation (PSI) is currently being undertaken to identify potential pollutant 
linkages and will warrant further investigations in the form of a Detailed Site Investigation (DSI). As 
such, terrestrial ASS is not considered further as part of this survey report. 
 
 
Marine ASS investigations will be done as part of geotechnical investigation works and will be 
combined with data sourced from water quality monitoring. Sampling methodology for marine ASS 
will include: 

• Sampling will be attempted to be undertaken to a depth: 
- Barge: 3.0 m below river base using a barge mounted rig 
- Upstream locations: 1 m below river base (where possible) using push core tubes or Van 

Veen. This will occur in areas not subject to future excavation 
- Downstream locations: 0.5 m below river base (where possible) using a Van Veen 

• Sampling will be completed from the barge mounted rig and/or boat 
• Sediment samples will be collected at 0.25 m intervals to the base of each bore/push core. 

 
The marine ASS analysis will consist of: 

• All sediment samples (~146) will be submitted for a field screening assessment, field pH 
(pHF) and pH after oxidation (pHFOX) testing, inclusive of the required Quality Control (QC) 
samples, i.e. duplicates. 

• Following a review of the field screening data, select samples will be submitted for 
confirmatory analysis including: chromium reducible sulfur (CRS), titratable actual acidity 
(TAA), acid neutralising capacity (ANC), titratable peroxide acidity (TPA), pHKCl, and pH after 
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oxidation (pHOX). This is approximately equivalent to the DWER recommended sampling 
density (one sample per 1.1 m vertical interval). 

In addition, analysis of 10 samples for a modified ANC method (dried, uncrushed/pulverised, sieved 
to 0.6 mm sample), to determine kinetically available acid-buffering potential will be undertaken. 

4. Water Quality
4.1 Overview 

The removal of the existing bridge and construction of new bridges to modern design standards 
has the potential to improve the drainage water quality during operation by replacing open 
scuppers with adequate drainage. Conversely, the construction of the new bridge and demolition 
of the existing bridges has the potential to adversely affect water quality during construction. In-
river works are likely to result in disturbance of sediments that may affect water quality. Changes to 
water flows as a result of the new bridges (and demolition of existing bridge) have the potential to 
affect river water flows, flooding and distribution of sedimentation and erosion. 

A desktop review of available Swan River water quality monitoring data in the vicinity of the 
existing bridges and/or nearest available locations upstream and downstream, will be undertaken 
initially. This will be followed with surface water sampling in accordance with the following 
guidance: 

• Water quality – Sampling. Part 1: Guidance on the Design of Sampling Programs, Sampling
Techniques and the Preservation and Handling of Samples (Standards Australia, 1998.
AS.NZS 5667.1 : 1998)

• Water quality – Sampling. Part 6: Guidance on sampling of rivers and streams (Standards
Australia, 1998. AS/NZS 5667.6 : 1998)

• Water quality – Sampling. Part 9: Guidance on sampling from marine waters (Standards
Australia, 1998. AS/NZS 5667.9 : 1998)

• PFAS National Environmental Management Plan (HEPA, 2020)
• Swan River Trust Guideline SRT/A2 Scientific Studies

4.2 Objectives 

The objectives of the water quality sampling are to obtain a water chemistry assessment of the 
Swan River Estuary within the vicinity of the proposed new bridge. The surveys will also provide 
baseline data to inform the environmental impact assessment process and to identify habitats for 
fauna that currently exist within the survey area. 

4.3 Sampling Methodology 

Sampling will be undertaken monthly for 12 months, i.e. 12 events. Due to the tidal exchange of 
water at the site, sampling will be aimed to be timed to be on the same tides per month and time 
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during the day. Observations of the tide and large vessel movements in Fremantle port will also be 
recorded during sampling, especially if visible plumes are evident at the time of sampling. 

Samples will be taken from the main channel (WS1), also the southern (WS2) and northern (WSA3) 
shoreline/shallows within the vicinity of the site and immediately downstream of the site (WSA4). 
One background (reference) sample will also be collected upstream of the project site, north of the 
Stirling Highway Bridge (WS5). Refer to Figure 2 and Table 1 for proposed water quality sampling 
locations. 

A multi-parameter meter will be employed that measures pH, electrical conductivity (EC), redox 
potential, dissolved oxygen (DO) and temperature. These will be recorded on the surface water 
sampling log. 
The water column profile will be measured at WSA1 site only and will include temperature, salinity 
(electrical conductivity), pH turbidity and dissolved oxygen, using a YSI Pro meter. Measurements 
will be made at 0.5 m intervals through the water column. Samples from the top (1m below water 
surface level) and bottom (1m above riverbed) of the water column will be collected. Additionally, a 
surface water sample and bottom water sample (~0.2 m above the sediment) will be collected for 
Chlorophyll-a analysis. 

The following quality assurance and quality control samples will be collected during the works and 
analysed for the below surface water suite: 

• Duplicate (1 per 10 for PFAS, 1 per 20 for remainder)
• Rinsate and blank (metals, turbidity, Total Petroleum Hydrocarbons / Benze, toluene,

ethylbenzene and xylenes (TRH/BTEX), Polycyclic aromatic hydrocarbons (PAH),
Organochlorine pesticides (OCP), PFAS only)

• Trip blank (BTEX, TRH, PFAS only).

All samples will be analysed for the following analytical suite: 

• Dissolved metals and metalloids: aluminium, arsenic, cadmium, chromium, cobalt, copper,
iron, lead, manganese, mercury, molybdenum, nickel, selenium, silver and zinc.

• Total metals: aluminium and iron.
• Major anions: sulfate, chloride, alkalinity (hydroxide, carbonate, bicarbonate, fluorine and

silicon)
• Major cations: sodium, potassium, calcium and magnesium.
• Nutrients: total and reactive phosphorus, total nitrogen, total Kjeldahl nitrogen (TKN), total

ammonia, Nitrates and nitrites.
• Sulfide
• Total dissolved solids (TDS)
• Total suspended solids (TSS)
• Turbidity
• TRH/BTEX
• PAH
• OC Pesticides (OCP)
• Poly-fluoroalkyl substances (PFAS)
• Dissolved organic carbon (DOC)
• Chlorophyll-A and Phaeophytin-A
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• Water column profiles for temperature, salinity (electrical conductivity), pH and dissolved 
oxygen. 

 
Phytoplankton (microalgae) samples will also be collected at sites WS1 and WS5 using a hose 
sampler, to collect an integrated water sample, and a vertical plankton tow with a 20 μm mesh net 
weighted at the bottom.  
 
On one sampling occasion, samples will be analysed for the molecular markers of invasive marine 
species. Further consultation with the Department of Primary Industries and Regional Development 
will be undertaken to design the assessment. 
 
Table 1 Site sampling locations  
 

Site Longitude Latitude 
WS1 115.7541 -32.0411 
WS2 115.7544 -32.0419 
WS3 115.7542 -32.0403 
WS4 115.7536 -32.0419 
WS5 115.7611 -32.0375 
SS1 115.7538 -32.0405 
SS2 115.7537 -32.0411 
SS3 115.7536 -32.0418 
SS4 115.7542 -32.0406 

SS5 & B1 115.7542 -32.0412 
SS6 115.7541 -32.0419 
SS7 115.7547 -32.0406 
SS8 115.7549 -32.0408 
SS9 115.7549 -32.0412 

SS10 115.7550 -32.0416 
B2 115.7600 -32.0397 
B3 115.7619 -32.0355 
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Figure 2 – Water Quality Sampling Locations 
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5. Benthic Habitat  
 

5.1 Overview 
 
Benthic communities are communities of aquatic flora and fauna that are primarily associated with 
seabed habitats.  
 
The Swan river is fast flowing near its mouth and the water is generally turbid. The project area is 
not expected to support large areas of conservation habitats such as corals and perennial 
seagrasses but may have patches of ephemeral seagrasses. Benthic marine fauna of recreational 
and commercial significance, including river prawns and crabs, are resident or pass through the 
area in seasonal migrations. Hard substrates in the area that may support populations of seahorses, 
being strongly associated with a small area of habitat, could be affected by removal of hard 
substrates e.g. old piles and rocks.  
 
Previous surveys (SKM, 2009) have indicated that the Inner Harbour has a low level of benthic 
habitat and communities. This is due to the historical disturbance of the area in its use as an active 
port and episodic dredging. Some benthic habitat and associated communities may be present 
around the piers of the existing bridges. 
 

5.2 Objectives 
 
The objective of Benthic habitat survey efforts are to obtain baseline information on the benthic 
fauna present and a water chemistry assessment near the proposed new bridge location. The 
benthic habitat survey will also determine the nature (type, concentration and spatial variability) of 
nutrient, non-nutrient and organic compounds present in the vicinity of the proposed bridge.  
 
A hydro-acoustic assessment of river bed conditions at the proposed bridge structures including a 
combined bathymetric and geophysical survey is proposed as part of geotechnical investigations 
for the project (Appendix 1). The hydro-acoustic survey that will be undertaken (extending from 
Stirling Bridge upstream to 50 m downstream of the existing rail bridge) will be analysed to map 
benthic habitat and structural complexity within the vicinity of the bridges. The outcomes of this 
will be analysed to interpret the benthic habitat distribution and the existing river geomorphology. 
A description of the proposed hydro-acoustic survey including the methodology and survey 
equipment to be utilised is included at Appendix 1. 
 
The benthic sediment sampling survey will be undertaken to identify infauna, epifaunal and 
macrophyte community composition within the survey area.  Benthic habitat and aquatic fauna 
surveys will cover benthic habitats, macroinfauna and a desktop survey for other aquatic fauna. The 
surveys will be designed to fulfil the objectives and requirements, as far as possible, of the EPA’s 
Technical Guidance – Protection of Benthic Communities and Habitats (2016a) and Environmental 
Factor Guideline – Benthic Communities and Habitats (2016b). The sampling sites will reflect the 
areas to be directly disturbed and areas upstream, which may be affected indirectly by noise, turbid 
plumes and sedimentation (refer to Figure 3 for proposed sampling locations). 
 
The benthic habitat and aquatic fauna survey will consist of: 
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• A comprehensive desktop review including analysis and interpretation of the hydro-

acoustic survey data results  
• Grab and core sampling within the project boundary 
• Underwater survey (underwater camera or divers), pending results of initial benthic habitat 

investigations and will include survey of the existing bridge piers. 
 

5.3 Survey Methodology 
 
Sampling for benthic habitat and aquatic fauna will involve sediment sampling at one site within 
the proposed construction area and two upstream reference sampling locations; one at 500 m and 
one at 1 km upstream (B1-B3 on Figure 3). Depending on the outcome of the hydro acoustic 
survey and if suitable benthic habitat is identified, three additional sampling locations between the 
Queen Victoria Street bridge and the Stirling Street bridge may be added. No downstream benthic 
habitat survey is proposed, as this would be within the Fremantle Port dredged area. 
 
Quarterly sampling over a 12 month period will be undertaken to allow consideration of temporal 
variability of both the environment and fauna. This will be achieved by extending over two 
sampling periods; one in Autumn when salt water conditions in the estuary are more stable and the 
second in Spring when the onset of river discharge from Winter rainfall. Due to the tidal exchange 
of water at the site, sampling will aim to be timed to avoid peak-flow periods during the day. 
 

5.3.1 Benthic Macroinvertebrates 
 
Benthic invertebrates will be sampled from three sites; B1 being within the proposed construction 
area and B2 - B3 being 500 m and 1 km upstream, respectively (Figure 3 and Table 1). At each site, 
a Petite Ponar grab sampler will be used to collect five replicate samples. The grab samples will be 
elutriated into a 500-μm mesh sieve and preserved in 100% ethanol for laboratory processing and 
identification. Additional grab samples will be collected for sediment chemistry and particle size 
analysis. Benthic invertebrate samples will be sorted under a dissecting microscope and specimens 
identified to species where possible. 
 
Five replicate samples for benthic macroinvertebrates and one sample for particle size distribution 
will be collected from each sample site. Samples within the project area will be collected using 11 
cm diameter diver push cores (surface area sampled 96 cm2), to a minimum sample depth of 15 cm 
below the sediment surface (Wildsmith et al. 2009, Wildsmith et al. 2011).  
 
Divers are required for this aspect as the diameter of the core results in loss of sample/fauna (due 
to loss of sample cohesion and washout) during recovery from surface-based push core sampling. 
Depending on the findings of these initial grab samples and the results of the hydro-acoustic 
testing, additional sampling may be required. Samples at all other locations will be collected using 
grabs (e.g. petite ponar). Particle size samples will be collected at the same time as infauna 
samples, as particle size is known to have a significant effect on macroinvertebrate assemblages 
and is likely to change seasonally.  
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Due to the mobile nature of the seabed under the bridges, sediments are likely to be patchy and 
therefore an extra core/grab for sediment for particle size distribution analysis must be collected at 
the same time and location as infauna samples. 
Benthic macroinvertebrate samples will be wet sieved on shore using a 500 μm sieve. The sample 
will then be preserved using 100 % ethanol (total in-sample concentration of approximately 80 % 
when considering dilution by seawater in the sample) for transfer to the taxonomic analysis 
laboratory. 
 
Benthic macroinvertebrates (>500 μm) will be sent to a laboratory for picking (removal of biota 
from sediment retained on the sieve) and taxonomic analysis, to species level where possible. 
 

5.3.2 Ground-truthing of habitats and epibiota 
 
Validation (ground-truthing) of geophysical survey outputs will be required to map the benthic 
habitats in the PCA. Ground-truthing of target locations will be achieved via diver survey 
(undertaken within the core sampling activities) or via remote deployment of an underwater video 
camera. Opportunistic diver survey of individual bridge pilings will also be undertaken where 
possible and safe to do so. These aspects will be undertaken during the grab/core sample surveys. 
Information on habitats, epibiota and seabed features derived from these surveys will be used to 
groundtruth the geophysical data. Any records of Matters of National Environmental Significance 
(MNES) (e.g. seahorses, dolphins) will also be reported. 
 

6. Sediment Assessment 
 

6.1 Overview 
 
The benthic habitat and marine fauna of the development area are expected to comprise soft 
sediment habitats and communities, scattered areas of rocky habitats and communities and marine 
biofouling on the existing bridge supports. The river is an estuarine system but is predominantly 
marine near the river mouth where the project is situated. Although freshwater flows out of the 
river in winter after heavy rain, it is mainly on the surface and the benthic communities remain 
strongly influenced by tidal movements of the underlying salt water ‘wedge’ for most of the year. 
 
In addition to this detailed sediment analysis with the project area, a combined bathymetric and 
geophysical survey is being undertaken as an assessment of bathymetric conditions at the 
proposed bridge structures. This survey proposes to utilise a variety of different techniques 
including Multi-beam echo sounder (MBES), Side Scab Sonar (SSS), Magnetometer (or 
Gradiometer), Sub Bottom Profiling (SBP), Multi-channel Seismic Reflection, grab sampling and 
vessel / track plots. Refer to Appendix 1 for the grab sampling methodology. The grab sample 
locations for this geophysical survey are shown in Figure 3. 
 

6.2 Survey Approach 
 
Two sediment assessments will be undertaken at each sampling location, with ten samples (SSA1 – 
SS109 in Figure 3) proposed in the area of the project construction. Sediment samples from sites at 
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the existing bridge piers will be taken to a depth of at least 1m. For other sites, sediment collection 
will be from a single sample from the surface sediment and sampled to a depth of 15 cm. Sediment 
samples will be homogenised within a controlled environment at the laboratory, according to 
Australian Standards. Compounds will be quantified to the lowest-available limit of reporting with 
sediments samples analysed for: 

• Grain size
• Total Organic Carbon (TOC)
• Bioavailable Metals (Al, Ag, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb, Sb,Se, Zn)
• Polycyclic Aromatic Hydrocarbons (PAH)
• Hydrocarbons (Total/BTEX)
• Organochlorine (OC) Pesticides
• Per- and Poly-fluoroalkyl substances (PFAS)
• Algal cysts
• Ecotoxicity

6.3 Survey Methodology 

Sediment surface samples (uppermost 3 cm) will be collected from all locations (Figure 3). At each 
site, five replicate samples will be collected and composited into the site sample. A separate sample 
will be collected from each site for particle size analysis. For the ten sites within the proposed 
bridge construction area (SS1 – SS10, sediment core samples will be collected (Table 1). Cores will 
be collected to a maximum depth where possible using a Dormer undisturbed wet soil sampler 
hand corer. Once collected, the sediment cores will be placed onto a plastic tray, measured, 
photographed and visually examined for any changes in strata.  

The core will then be divided into three sections (surface – uppermost 3 cm; subsurface – 3 to 10 
cm; and deep – 10 cm) to maximum depth achieved. Each section for the five replicate cores 
collected at a site will be composited into a site sample for that section (e.g. five surface sections). 
The sediment samples will be submitted to the Chemistry Centre of WA for compound analysis as 
described above in section 6.2. 

Sediment particle size distribution samples will be analysed using laser scaling and wet sieving, to 
allow characterisation of both fine and coarse components of the sediment. 

The hydro-acoustic sediment sampling (Appendix 1) will involve acquiring samples of the riverbed 
sediments via a typical grab sampler. These sampling locations are also depicted in Figure 3 (blue 
stars). 

6.3.1 Ecotoxicity 

Given the proximity of the project it to a number of contaminated sites, it is likely that historical 
and contemporary contaminants are present in the sediment in the project area. Therefore, 
ecotoxicity testing is also proposed as part of these in-river surveys.  

Toxicity is the degree to which a substance or combination of substances is able to damage an 
exposed organism (Nice et al, 2011). Through ecotoxicology the levels and types of contaminants 
that cause harm to animals and plants can be determined. This can be done for individuals, entire 
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populations and/or communities of organisms exposed to contaminants in the environment (e.g. 
through stormwater or wastewater discharge). Ecotoxicology provides insight into ecosystem 
health that cannot be determined from the measurement of chemicals in the environment alone 
and will inform the best sediment management for the site. 
 
Sediment dwelling and water-column fauna species will be analysed. Test organisms are likely to be 
the mussel (Mytilus edulis planulatus), the amphipod (Grandidiella japonica), the copepod 
(Gladioferans imparipes) and the fish (Pagrus auratus; pink snapper). These organisms are 
representative of those found in the Swan River Estuary and have been used as test organisms in 
previous ecotoxicological studies conducted in Claisebrook Cove in East Perth (Nice et al, 2011). 
Four toxicity tests will be conducted on each sample comprising different test organisms and life 
stages. 
The objectives of the ecotoxicity testing will be to: 
 

- assess the toxic potential of sediments collected from the project area within the Swan 
Estuary; and 

- determine whether polycyclic aromatic hydrocarbons (PAH’s), OC pesticide and metals 
(known to be present in sediments) are accumulating in organisms and what the 
concentrations of these chemicals (if present) are and the likely sources. 

 
For organsims that inhabit the water column (fish and copepod species), a sediment elutriate test 
will be conducted, where sediment is agitated in clean seawater and the organism subsequently 
exposed to the water (elutriate) only.  
 
The test that will likely be used for the mussel will incorporate a sediment-water interface, whereby 
sediment will be present in the bottom of test vials with overlying clean seawater, into which 
mussel larvae will be introduced. As amphipods are sediment-dwellers, these organisms will be 
exposed to whole-sediment testing (10-day exposure) (Nice et al, 2011). Surficial sediment samples 
for ecotoxicology (top 2 cm) will be collected from ten sites (SS1-SS10 Figure 3). The following field 
sampling procedures have been used previously (Nice et al, 2011) for sediment toxicity testing and 
will also likely be adopted for the Swan River Crossings project: 
 

- 4 L samples of sediment will be collected from an area 3 m2 (approximately) with 
Perspex corers by a scuba divers; 

- 3 L of the sample will be preserved for toxicity assessment, whilst 500 mL of the 
sediment sample will be preserved in glass jar on ice, for chemical analysis by the 
National Measurement Institute (NMI), and the remaining 500 mL of the sample 
preserved on ice for particle-size analysis by CSIRO Minerals WA. 
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Figure 3 Sediment & ecotoxicology sampling locations 
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8. Appendix 1 
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Proposed Geophysical Survey Methodologies 

1 Introduction 

Arup Pty Ltd (Arup) has been commissioned by Main Roads Western Australia (MRWA) to 
provide concept design solutions for the future Swan River Crossings in Fremantle. The project 
location and project extent are shown in Figure 1. Structures over the Swan River include the 
existing Fremantle rail and traffic bridges that are proposed to be replaced and/or upgraded. 

 
Figure 1: Swan River Crossings Location Plan 
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For the assessment of ground conditions at the proposed bridge structures, a combined bathymetric 
and geophysical survey is proposed. This Technical Note summaries the proposed methodology and 
equipment that is planned for the survey. 

For background information, in 2012 Arup commissioned a similar over-water geophysical survey 
which concentrated on the rail bridge pier protection. Various images from that survey are included 
within this Technical Note. 

2 Survey Extent 

The red outline in Figure 2 below covers the extent of the proposed geophysical survey. These areas 
cover the requirements for geotechnical designs of the bridge and for understanding the extent of 
the shipwreck sites that could impact the development.  

    
Figure 2: Geophysical Survey extent for bridge crossings 

 

As various cross overs exist with environmental project requirements, the final scope of work is to 
be confirmed. It is likely that the bathymetric survey will be extended to the east to the Stirling 
Highway Bridge (as illustrated in Figure 3) including additional riverbed grab samples (as 
illustrated in Figure 4). If these environmental scopes are conducted at the same time by the same 
geophysical contractor, these samples can also be used to calibrate the bathymetry data acquired 
within the extents outlined above in Figure 2. 

 

 

Shipwreck Sites 
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Figure 3: Proposed Extent of Environmental Bathymetry Survey Scope 

 
Figure 4: Proposed Extent of Environmental Sampling locations 
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3 Geophysical Methodology Overview 

The geophysical methodology intends to utilise the following equipment: 

• Multi-Beam Echo Sounder (MBES) for bathymetric mapping of riverbed;  

• Side Scan Sonar (SSS) for recording images of the riverbed; 

• Magnetometer (or equivalent) for recording metallic objects at or just below riverbed; 

• Sub-bottom Profiling (SBP) for recording data below the riverbed; and 

• Grab Sampling for taking physical riverbed samples for riverbed calibrations of 
MBES/SSS and sediment mapping. 

These techniques are described further in Section 4. Figure 5 illustrates a typical operational 
configuration with all systems deployed in a deep water environment at the same time, however for 
the Swan River Crossing project, it is likely that only one technique will be deployed / towed at a 
time given the shallow water depths and restricted nature of the site.  

 
Figure 5: Geophysical Investigation Equipment (Image courtesy of Aventus Consulting / Victoria State Government) 
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4 Geophysical Techniques and Equipment 

As summarised above, the bathymetric / geophysical survey shall utilise different techniques to 
achieve various project objectives. Each technique is described below with examples of equipment 
images and data outputs. Once a geophysical contractor is awarded the work, the precise 
combinations of make and model of each item of equipment can be confirmed.  

4.1 Multi-Beam Echo Sounder (MBES) 

A MBES is a type of sonar that is used to map the seabed. MBES systems emit sound waves in a 
fan shape beneath the boat’s hull. The amount of time it takes for the sound waves to bounce off the 
seabed and return to a receiver is used to determine water depth. The purpose of the MBES system 
is to capture a continuous image of the seabed to produce bathymetric maps/charts.  

 

Figure 6: Multi-Beam Echo Sounding Operations (image courtesy of Wikipedia) 

MBES systems are traditionally hull mounted on the underside of the survey vessel in a central 
location for maximum system stability. Different MBES systems are available. For this project, the 
system shall have the ability to operate in very shallow waters whilst still providing the required 
resolution of data. A gridded data resolution of 0.5m or greater will be required. Figure 7 below 
shows a typical bathymetric output which illustrates shipping containers and sand waves captured 
by a hull mounted Edgetech 6205 MBES system. 
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Figure 7: Example of MBES output and hull mounted equipment (Edgetech 6205) 

 

4.2 Side Scan Sonar (SSS) 

The SSS is used to complement the MBES system. In conjunction with seafloor samples it can 
provide an understanding of the differences in material and texture type of the seabed.  

The output that SSS provides are indications of riverbed material types, e.g. clay/silts, sands, 
gravels and rocky outcrops as well as objects on the seabed. An SSS mosaic can effectively be 
compared to shining a torch horizontally across the riverbed. Objects that sit proud of the riverbed 
will have a ‘shadow’ behind the far edge of the object, as illustrated in Figure 8 where the 
Priestman Grab Pontoon can be visualised from a towed SSS system.  

SSS systems (Figure 5) are generally either towed behind the vessel on a ‘towfish’ at a set elevation 
above the riverbed or more commonly for project like this, are hull mounted. There are trade-offs 
between the two systems.  

• The towed sonar technique encounters operational complications in shallow water depths 
and restricted sites such as this one. The towfish ideally remains at a consistent elevation 
above the riverbed, and to achieve this, the length of the cable behind the vessel and the 
vessel speed need to be constantly monitored and adjusted to accommodate. This system 
will require a highly skilled vessel driver, is more complicated in deployment, and has a 
much higher risk from a health, safety and entanglement perspective compared to a hull 
mounted system. On the upside, the system does provide a more pronounced acoustic 
shadow for locating objects on the riverbed, can be adjusted to suit riverbed depths and the 
data is less affected by the vessel or wave movements.  

• Hull mounted SSS systems are often built into a MBES such as the EdgeTech 6205 in 
Figure 7. These systems will not provide the same quality of acoustic ‘shadows’ therefore 
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the overall quality of data is less, albeit potentially more consistent. To compensate for the 
lesser quality of a towed SSS, the MBES resolution must be considered. From a safety, ease 
of deployment and operational perspective, the system is preferred in shallow and/or tight 
sites such as this. 

The sound frequencies used in side-scan sonar usually range from 100 to 500 kHz; higher 
frequencies yield better resolution but less range. 

 
Figure 8: SSS image using a towfish system. Priestman Crane Pontoon observed within the Swan River (Image courtesy 
of WA Museum) 

As mentioned above, the Edgetech 6205 is an example of a hull mounted SSS system. Figure 9 
provides an image of a typical towfish system (Edgetech 4129). 

 
Figure 9: Edgetech 4129 Towfish SSS 

 

https://en.wikipedia.org/wiki/Frequency
https://en.wikipedia.org/wiki/Kilohertz
https://en.wikipedia.org/wiki/Temporal_resolution
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4.3 Magnetometer (or equivalent such as Gradiometer) 

Magnetometers can locate ferrous materials at or buried under a thin layer of sediment and need to 
be towed close to the seabed for best effectiveness. At this site there will likely be significant 
background noise, therefore the technique is may not achieve the desired coverage. Arup will 
therefore request Contractors to quote for equivalent systems that can achieve a similar outcome. A 
Gradiometer is one such example. 

Sometimes two magnetometer sensors are mounted in a gradiometer format, which measures the 
magnetic gradient between the two sensors arranged on a horizontal separation, normally 1m apart. 

 
Figure 10: Gradiometer on deck of vessel 

4.4 Sub Bottom Profiling (SBP) 

Sub-bottom profiling systems identify and measure various marine sediment layers that exist below 
the sediment/water interface. These acoustic systems use a technique that is like single beam echo 
sounders. A sound source emits an acoustic signal vertically downwards into the water and a 
receiver monitors the return signal that has been reflected off the sea floor. Some of the acoustic 
signal will penetrate the seabed and be reflected when it encounters a boundary between two layers 
that have different acoustic impedance. The system uses this reflected energy to provide 
information on sediment layers beneath the sediment-water interface. 

SBP surveys are normally conducted using a combination of techniques. It is routine to trial several 
surveys techniques to assess which sensors will provide the required results, ensuring an optimum 
data set is acquired. Not all survey companies will have access to all techniques therefore Arup will 
seek a combination of techniques. The survey contractor will be required to reconfigure the system 
to suit the ground conditions. 

The following are possible SBP techniques for adoption on this project. 
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4.4.1 Chirp 

Chirp sub-bottom profilers are a sub-towed system (i.e. towed beneath the water line) and can 
achieve very high-resolution imaging of the upper regions of the sub-surface (for example the upper 
2-5m below riverbed).  These systems can map shallow features including the upper layers of 
sediment and buried objects (underlying thin layers of sediment). 

 
Figure 11: Edgetech 3200 SBP CHIRP system 

 
Figure 12: Typical output from a Chirp system 

 

4.4.2 Pinger 

The Pinger type sub-bottom profiler operates at higher frequencies than Chirp systems, typically 
between 2kHz and 20kHz, and is generally used to detect sub-strata geological horizons in upper to 
mid-range strata depths. The pinger system can obtain greater resolution than boomer systems, as 
Boomer systems generally have lower levels of penetration in the upper sub-bottom regions. A 
pinger system on deck is illustrated below in Figure 13. An example of Pinger data is illustrated 
below in Figure 14 from the 2012 geophysical survey. 
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Figure 13: Pinger system on back deck of vessel ready for deployment 

 
Figure 14:Example of Pinger data from 2012 Swan River project (operated at 3.5kHz) 

4.4.3 Boomer 

The Boomer SBP system features the emission of sound waves through a boomer plate, directed 
toward the seabed, at a characteristic frequency. Unlike the Pinger & Chirp type systems, the 
Boomer requires the deployment of a towed hydrophone to receive the sound pulses emitted back 
from the seafloor. The system is surface towed on a small catamaran as illustrated in Figure 15.  

The system operates at with an energy source of between 50 Joules & 300 Joules with typical 
penetration depths of up to 50m when penetrating fine grain sediments (e.g. sand) and a penetration 
depth of up to 25m when penetrating coarse grain sediments (e.g. gravel). 
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Figure 15:Applied Acoustics AA201 surface towed Boomer system  

 
Figure 16: Typical Boomer data output 

 
Figure 17: Example of Boomer data from 2012 Swan River project (operated at 200 Joules) 
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4.4.4 Multi-Channel Seismic Reflection (Sparker / Airgun) 

To effectively map the onset of the Osborne Formation beneath the Tamala Limestone a multi-
channel seismic survey is recommended.  A higher energy seismic source such as a high-power 
Sparker (>500 joules per shot) or small volume airgun (~10 cubic inch) would likely be required to 
achieve the desired 40m investigation depth beneath the limestone unit. Due to the length of the 
multi-channel streamer, the survey lines would have to be run along the river alignment 
(perpendicular the bridge orientation) only. 

   
Figure 18: LEFT = Sparker source in operation (uses the same catamaran as Boomer) RIGHT = Air gun ~10 cubic inch 

 

For the 2012 Swan River geophysical survey, a Geopulse boomer source and a 24-channel 
receiving streamer was used. Signal penetration of approximately 65m depth was achieved and 
reflectors are illustrated below in Figure 19  

 
Figure 19: Example of Multi-Channel Seismic Reflection Data from 2012 Swan River project 



File Note  
   
272422-00 17 June 2020  
 

\\GLOBAL.ARUP.COM\AUSTRALASIA\PER\PROJECTS\272000\272422-00 ETS2 SRC CONCEPT\WORK\INTERNAL\DESIGN\GEOTECH\05 RECOMMENDED GI\03 GEOPHYS SCOPE\05 
MEMO GEOP EQUIP\272422-GE-MEM-0011-A.DOCX 

Page 13 of 14 Arup | F0.15  
 

4.5 Grab Sampling 

Acquiring samples of the riverbed sediments is conducted to calibrate riverbed MBES and SSS 
data. A typical grab sampler is shown in Figure 20. Sampling is optional for the geophysical scope 
however maybe included if the environmental scope is amalgamated.  

 
Figure 20: Van Veen sampler 

4.6 Vessel and Track Plots 

The vessel required for this geophysical investigation will need to have a shallow draft and be 
manoeuvrable around the existing bridge pylons. A Stabi-Craft of ~6m length would likely be a 
suitable vessel for these operations.  A typical survey track-plot is illustrated below. 

 

 
Figure 21: Typical track plot (in this case, from the 2012 Boomer survey lines) 
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5 Geophysical Survey Contract 

For background information, in January 2020 Arup, on behalf of Main Roads WA, released an 
Expression of Interest (EOI) to five geophysical survey companies (GBG, MES, Neptune, Fugro 
and ASST Group). Based on responses, Arup are likely to tender the proposed works out to three 
survey companies once provided with the instruction from Main Roads WA to proceed. 

As a part of the RFQ to be issued to survey contractors proposed equipment will need to be 
specified in submissions. Depending on the equipment that each Contractor specifies, line plans will 
vary. For example, different MBES systems that can achieve wider swath angles for the same 
resolution and therefore a wider spacing between survey lines can be accommodated for. 

A schedule for each geophysical survey technique will be requested from tendering survey 
contractors. Evaluation criteria will include schedule flexibility and QA checks of system 
performance during the survey. Having experience in offshore geophysical surveys, Arup 
understands that some SBP techniques may not achieve the desired penetration or resolution at 
certain depth intervals and therefore system reconfigurations maybe required during the survey. 

RFQ submissions from survey contractors will of course also be assessed based on value for money 
principles and attention to health and safety. 
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Executive Summary 

 

In May 2015, the Western Australian government department ‘Main Roads’ 

commissioned the Centre for Marine Science and Technology (CMST) based at Curtin 

University to carryout underwater noise measurements of pile driving in Fremantle Inner 

Harbour. Underwater noise measurements of impact pile driving were collected between 

12:40 and 14:37 on Friday 19th June 2015. The recording equipment was deployed from a 

small vessel while drifting down the Swan River during impact pile driving that was 

being carried out near SPT2, Pier 14 under Fremantle Traffic Bridge (32° 02' 27.85"S, 

115° 45' 16.65"E).  The Sound Exposure Level (SEL) of each signal recorded from the 

impact pile driving was calculated.  

During the measurement period, 996 impact pile driving signals were detected: 195 

signals were recorded between 65 and 450 m upstream from the source; and, 801 signals 

were recorded between 21 and 520 m downstream from the source. The maximum SEL 

recorded upstream of the pile driving was 163.2 dB re 1 µPa2.s at a range of 68 m; and, 

the maximum SEL recorded downstream was 172.2 dB re 1 µPa2.s at a range of 21 m. In 

general, the downstream levels are lower than the corresponding upstream levels at the 

shorter ranges. This could be due to obstruction by bridge pylons. However, at greater 

ranges, the downstream levels are greater than the upstream levels. 

Based on the measurements taken, we recommend that 20 m be used as the radius 

of a shut-down zone for marine mammals, 500 m be used as a shut-down zone for 

distressed marine mammals, and 1 km be used as a no-go zone for swimmers, divers, and 

people in watercraft with a high risk of falling into the water. These zones will avoid a 

temporary loss of hearing in marine mammals, and physiological and psychological 

impacts on humans. 
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1. Introduction 

In May 2015, the Western Australian government department ‘Main Roads’ 

commissioned the Centre for Marine Science and Technology (CMST) based at Curtin 

University to carryout underwater noise measurements of pile driving near the Fremantle 

Inner Harbour.  

Measurements were carried out by CMST staff on 19th June 2015. This report presents 

the Sound Exposure Levels (SELs) calculcated from those measurements, and based on those 

makes recommendations for mitigation distances (shut down zones) for swimmers/divers or 

people on watercrafts with a high risk of falling in the water and marine mammals.  

2. Methods 

1.1 Data collection 

Underwater noise measurements were carried out using a Reson hydrophone TC4033-1 

(S/N 4512029, sensitivity -202.3 dB rel. 1Vrms/µPa) and pre-amp VP1000 EC6061F (S/N 

1420201), and recorded to waveform audio file format (.wav) using a Sound Devices (SD) 

744T Recorder. The Reson pre-amp gain was set to 0 dB and had a high-pass filter cut-off of 

10 Hz. The SD 744T had an input gain of 12 dB, sample rate of 32 ks/s and 24 bit resolution. 

The recording system was calibrated with white noise at a known level. The frequency 

response curve from the calibration is shown below in Figure 1.  

 

Figure 1: Frequency response of underwater recording system. 
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Underwater noise measurements were collected between 12:40 and 14:37 on Friday 19th 

June 2015. The recording equipment was deployed from a small vessel while drifting down 

the Swan River during impact pile driving that was being carried out near SPT2, Pier 14 

under Fremantle Traffic Bridge1 (32° 02' 27.85"S, 115° 45' 16.65"E). The pile driver used was 

a IHC Hydrohammer S-90. The SD 744T Recorder was syncronised to GPS time and then a 

GPS reciever was used to log positions every second. The location of the pile driver and 

vessel track during recordings is shown in Figure 2. Conditions during measurements were 

clear with moderate to light northerly wind, and an outgoing tidal current gradually increasing 

during measurement period. 

 

Figure 2: Location of pile driving site (black cross) on Australian Chart 113 and vessel track (green) during 
measurements shown in green. Insert shows location of study area (red circle) relative to Australia. 

 

1.2 Data analysis 

Data analysis of the (.wav) sound files was carried out in software developed by CMST 

in MATLAB. It involved the following steps: 

1. Wav file data was imported into MATLAB. 

2. Data was calibrated using the results of the white noise test as shown in Figure 1. 

 
1 As per drawing 232224-DRG-004 (rev F) “Geological Profile” as provided by Marine Roads. 

O 
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3. A high-pass filter cut off at 20 Hz was applied to remove flow noise. 

4. Pile driving signals were extracted from the data by reviewing waveforms and spectrograms, 

as well as listening to the sounds for confirmation. Example waveforms and the resulting 

spectrogram of some of the pile driving signals recorded are shown in Figure 3 and Figure 4.  

Only signals that were considered direct arrivals were used, i.e. no multiple arrivals were used 

in calculations.   

5. The position and range from the source was calculated for each signal using the recording 

time in comparison with the GPS log. 

6. Three different metrics of the each signal were calculated: 

o Peak Sound Pressure Level (SPLpk) – maximum absolute pressure within the 

pulse signal. 

o Sound Exposure Level (SEL) - integral of acoustic pressure squared over the 

pulse signal. 

o Root-mean-square Sound Pressure Level (SPLrms) –the root-mean-square 

(rms) of the acoustic pressure over the pulse signal. 

The SPLpk was taken from the recorded pressure waveform p(t).  

The SEL of each pulse recorded from the impact pile driving was calculated as the integral of 

acoustic pressure squared over the duration of the pulse defined by: 

𝑆𝐸𝐿 = 10𝑙𝑜𝑔10(∫ 𝑝2𝑑𝑡)
𝑡2

𝑡1
                     (1) 

where p is the received acoustic pressure and the time t1 to t2 covers the duration of the pulse. 

The duration of the pulse was set to encompass 90% of the energy.  SELs were corrected for 

background noise. 

SPLrms was computed from the SEL measures for each recorded pulse as  

SPLrms = SEL – 10log10(t2-t1)                      (2) 
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Figure 3: Waveform of impact pile driving signals recorded in Fremantle Inner Harbour at a range of 21m 
downstream from the source. 

 

Figure 4: Spectrogram of impact pile driving signals recorded in Fremantle Inner Harbour at a range of 21m 
downstream from the source. 
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3. Results 

During the measurement period, 996 impact pile driving signals were detected: 195 

signals were recorded between 65 and 450 m upstream from the source; and, 801 signals were 

recorded between 21 and 520 m downstream from the source. The SEL of the pile driving 

signals recorded are shown plotted on a chart in Figure 5, and the SPLpk, SEL and SPLrms 

versus range in Figure 6. The maximum SPLpk, SEL and SPLrms recorded upstream of the 

pile driving were 186.8, 163.2 and 177.1 dB re 1 µPa2.s at a range of 66-68 m; and, the 

maximum SPLpk, SEL and SPLrms recorded downstream were 196.7, 172.2 and 186.6 dB re 

1 µPa2.s at a range of 21 m. In general, the downsream levels are lower than the 

corresponding upstream levels at the shorter ranges, this could be due to obstruction by bridge 

pylons. Signal duration increased with range, overall it varied between 0.02 and 0.38 s, with a 

median of 0.06 s. The median repetition rate between hammer blows was 0.78s. The majority 

of the signal energy was between 100 and 800 Hz. 

 

Figure 5: Sound exposure levels of impact pile driving signals recorded (coloured dots) in Fremantle Inner 
Harbour plotted on Australia Chart 113 (grey scale). Black cross marks the location of the pile driver. 
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Figure 6: SPLpk (top), SEL (middle) and SPLrms (bottom) versus range of impact pile driving signals recorded 
in Fremantle Inner Harbour.  
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4. Mitigation recommendations 

4.1  Marine Mammals 

The recommended mitigation of potential impacts of underwater pile driving noise on 

marine mammals is based on the susceptibility to temporary threshold shift (TTS) of hearing 

sensitivity and behavioural responses from impulsive sources given by Southall et al. (2007). 

Details of the science supporting the selection of the thresholds (given the limitations in much 

of the scientific information available) are mentioned in Southall et al. (2007). For the onset 

of TTS, a dual criterion is used: SPLpk > 224 dB re 1 µPa or SEL > 186 dB re 1 µPa2s, which 

ever is exceeded first. An M-weighted2 SEL was also given: SELM > 183 dB re 1 µPa2s. The 

same thresholds were considered by Southall et al. (2007) for the onset of behavioural 

responses to a single pile strike. However, for multiple, consecutive pile strikes, behavioural 

responses can be expected at received levels as low as 100 dB re 1 µPa rms. 

The corresponding ranges for these thresholds, based on measurements reported here, are 

as follows. All SPLpk values measured were below the 224 dB re 1 µPa criterion, even at the 

closest ranges.  Similarly, SEL was less than 186 dB re 1 µPa2s at all ranges. However, given 

that the closest range of measurements was 20 m, and that there may be some variability in 

the transmission of noise from piles being driven at different locations with the same hammer, 

we recommend a conservative range of 20 m as a mitigation zone to avoid TTS. If marine 

mammals were to enter this zone, pile driving would be shut down. Behavioural responses to 

successive strikes of the pile may happen at received levels above 100 dB re 1 µPa rms, and 

our measurements were all in excess of this threshold, even at the longest ranges measured 

(520 m). It would be very difficult to identify and monitor behavioural responses over such 

ranges in this environment. We therefore recommend that a zone of 500 m be observed, and if 

animals appear to be “in distress” (see below), that pile driving be shut down. At 500 m, the 

received level is expected to be 150 dB re 1 µPa rms. 

4.2 Divers, swimmers and people in watercrafts with a high risk of falling in the 
water 

The military is the largest source of studies on impacts of underwater noise on divers. 

Because the majority of these studies have involved sonar, current guidelines are based 

mainly on results from sonar studies. Underwater noise with most energy between 100 and 
 

2 M-weighting essentially is a filter that passes the functional bandwidth of marine mammal groups, and is applied to assess 
the potential bioacoustic impacts of strong sounds (Southall et al., 2007). 
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500 Hz would not have an adverse effect on human divers at levels less than 145 dB re 1μPa 

rms over a maximum continuous exposure of 100 s or with a maximum duty cycle of 20% 

and a maximum daily cumulative total of 3 h (Pestorius et al., 2009; NATO Undersea 

Research Centre, 2006). Tests using recreational divers indicated that the maximum 

acceptable sound pressure level for 500 – 2500 Hz (without changing heart rate or breathing 

frequency) was 155 dB re 1μPa rms (Parvin et al., 2002; NATO Undersea Research Centre, 

2006). Other studies (Cudahy and Parvin, 2001) have reported on levels causing 

psychological effects. Steevens et al. (1999) found psychological effects after exposing a 

diver to a warble tone centred at a frequency of 240 Hz and sound pressure level of 160 dB re 

1 µPa rms and another centred at 1,000 Hz at 181 dB rms for 15 min.   

Because the studies are based on very limited research and mostly on the effects of sonar 

on divers, we recommend the guideline based on the more conservative level of 145 dB re 

1μPa rms be used. This level corresponds to a mitigation zone with a radius of 1 km from the 

pile driving activity (based on extrapolation of Figure 6 bottom). This zone is recommended 

to be no-go for swimmers, divers, and people on watercrafts having a high risk of falling into 

the water.  

 

4.3 Procedure 

We recommend the following mitigation procedures be implemented with the 

mitigation zones indicated above:  

 

1)      Undertake 30 min pre-observation period to monitor the entire area within detection 

2)      Undertake a “soft-start” (6 pulses/min at low energy) for 15 min  

3)      If marine mammals or swimmers/divers/people in vessels with a high risk of falling 

into the water are observed approaching the mitigation zones, then a shut-down is to 

occur for marine mammals, and swimmers/divers/people are to be advised to stay clear 

of the no-go zone. If the animals/people are observed to move out of the mitigation zone 

within 10 min, then piling can recommence. If more than 10 min passes without 

sighting them, or they are still within the mitigation zone, then the pre-observation 

procedure recommences.  
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Prior to commencement of the work, the Swan River Trust (SRT) recommend that a 

zone be implemented for marine mammals ‘in distress’, and is endorsed by the authors of this 

report (see Table 1). This will allow for a shut-down to occur in the instance that a marine 

mammal should already be compromised (entangled, or already injured or ill), to remove any 

additional stress that may be caused by pile driving. In the case of an injured or entanglesd 

animal, the Department of Parks and Wildlife hotline for injured animals should be dialed 

immediately.  

A distressed animal is commonly identified as one changing speed, undertaking hasty 

dives, changing breathing patterns, or displaying aggressive behaviour such as tail slashing. 

However, these definitions would present difficulty for MMOs to identify, given that these 

behaviours are quite common with the range of behaviours and activities that the dolphins in 

the Fremantle Inner Harbour engage in (foraging, in singles or in group cooperation, 

socialising, bow riding, etc.). The following is therefore recommended as a defining guideline 

for dolphins in distress:  

 uncoordinated swimming or difficulty in swimming 

 neonate or very young calf separated  

 entangled animal 

 continuous aggressive behaviours not directed at any other dolphin, and not part of 

foraging (over 5 minutes) 

 mother pushing up a young calf to breath (indicative of a calf struggling to breath, or 

of a mother in distress pushing her dead calf to the surface) 

 animal with obvious injury or unhealthy appearance (lesions, etc.)  

 aggressive behaviour or erratic behaviour in direct response to pile driving activity 

  



  
 

14 
 

 

Table 1. Mitigation zones, criteria, and action to be taken. 

ZONE 
RADIUS  

MITIGATION 
TARGET 

CRITERIA Action to be taken 

20 m Marine mammals 186 dB re 1 uPa2s as the 
threshold for avoiding 
Temporary Hearing 
Threshold Shift (TTS) 

Shut down if animal is expected to 
come within the zone upon the 
following surfacing based on 
direction and swim speed 

500 m Marine mammals Animals in distress Shut down, if animal is in distress, 
entangled, unwell or injured (DPaW 
Wildlife hotline will be called if 
animal is injured) 

1,000 m  Human swimmers, 
divers and people on 
watercraft with a 
high risk of falling 
into the water 

145 dB re 1 µPa rms to 
avoid any physical, 
physiological or 
psychological impact 

Those approaching this range will 
be asked to stay clear of the zone.  

 

A flowchart of the mitigation procedure is given in Figure 7, and data sheets to be used 

during mitigation given in Appendix B. Mitigation zones are based on measurements taken 

using the hammer energies and pile types used on the day of measurement. Changes in 

hammer energy, pile type and location (deeper water and/or different seabed type) could 

change the transmission range of the acoustic energy. We recommend that if these 

significantly change, that mitigation ranges be re-assessed.  
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Figure 7: Flow chart of recommended mitigation procedure. 
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1 Introduction 
Main Roads WA is undertaking the Swan River Crossing project to replace the existing Fremantle Traffic Bridge. 

The new solution will incorporate road and rail to provide additional rail capacity, as well as providing modern 

standard cycling and pedestrian facilities. The objectives of the project include to consider economic, social and 

environmental sustainability as well as the amenity and sense of place for the community, tourists and road 

users. 

As part of the overall project that includes heritage advice and interpretation, element has prepared this brief 

history to document the development of the site and its many iterations of river crossings.  

Key Documents 
This report includes historical photos and plans and references various archival records at State Records Office 

(PWD Plans- Architectural and Engineering; Files- Main Roads) as well as secondary sources including 

newspaper articles of the day to provide documentary evidence presented in chronological order. The following 

document has formed the basis of content. See Bibliography for further information on sources. 

• Heritage Council of Western Australia (HCWA) Heritage Assessment for P4027 Fremantle Traffic Bridge

(1939) & Ferry Capstan Base. Compiled by Palassis Architects and Wayne Moredoundt, historian in

March 2007.

Study team 
element’s multi-disciplinary team is well grounded by a solid understanding and experience of best practice in 

heritage conservation and Western Australia’s heritage planning framework. The following team has undertaken 

this report:  

• Flavia Kiperman, B.Sc. (Hons) (Architecture and Urban Planning), M.Sc (Heritage Management), M.Phil,

M.ICOMOS

• Carmel Given, BACultHtge (Cultural Heritage); GradDip InfLib (Information and Library Studies),

Professional Historians Association (WA)

Chronology 
Year Event 

Deep time Noongar lived in the South West for at least 50,000 years prior to British colonisation. 

Four family groups (Whadjuk Noongar) lived in the Perth region whose territories were 

determined by the natural waterways of the Derbal Yerrigan. Walyalup was a place of 

ceremonies, significant cultural practices, and trading. 

1697 5 January, Dutchman Willem de Vlamingh landed on the coast of Western Australia in the 

vicinity of the area now known as North Fremantle. The approximate location is marked by the 

Vlamingh Memorial. ‘Swaene-Revier’ was named. 

1801 French ships ‘Naturaliste’ and ‘Geographe’ visited and examined the Swan River as far as the 

mud flats (now Heirrisson Island). 

1827 First British exploration of the area to prevent the French from colonising the western side of 

the continent.  

1829 1 June, British colonisation of Aboriginal land and water, including Whadjuk Noongar territory. 

Swan River Colony established by British, with three towns: Perth as the capital, Guildford as 

the inland port, and Fremantle as the ocean port. 
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1832 Colony relied on river transport and an early ferry service operated from Preston Point (East 

Fremantle) across to Minim Cove (Mosman Park), and from Willis Point (Fremantle) to Lukin’s 

Jetty (North Fremantle). 

1832 Yagan explained the intricacies of Whadjuk Noongar groups to Robert Lyon who mapped the 

territorial boundaries and leaders’ names. 

1833 Lots in Fremantle surveyed by J.S. Roe. 

1835 First substantial road bridge built at Guildford, ‘Drummond’s Crossing.’ 

1836 Ferry service commenced from base of Cantonment Hill. Early difficulties include the 

unsuitable location because of strong winds, and excessive cost. 

1838 Calls for a temporary bridge instead of the Fremantle ferry service, and for a causeway at 

Heirisson mud flats in East Perth to be expedited.  

1843 First Swan River bridge was completed across the Heirisson mud flats (Causeway). 

1849 Jan, a series of 20 blasts were fired to remove the limestone bar across the river mouth at 

Fremantle and create a deeper channel for vessels entering the harbour. 

1850 Convicts imported to the Swan River Colony. 

1851 December, Arrival of Royal Engineers. A convict depot was located in North Fremantle and 

Pensioner Guards were allocated lots. Their labour allowed for large infrastructure projects 

such as improved roads and bridges. Convict labour allowed for the state to reduce its 

reliance on sea and river transport. (By 1862, convicts had built 239 bridges across the 

state.) 

People and goods were conveyed across the river using ferry boats worked by convicts and 

utilising tow ropes. (Possible origin of the Ferry Capstan) 

1850s Perth-North Fremantle Road constructed (Stirling Highway) using convict labour to quarry 

and level.    

1863 Governor Hampton approved construction of a bridge across the Swan River between North 

Fremantle and Fremantle. Design and construction by Captain Grain, Royal Engineer and 

James Manning, Clerk of Works. Tender awarded to B. Mason. 

1864-66 A timber road bridge was built by convicts. It was originally a camel-back structure to permit 

sailing lighters to pass under it. It was nicknamed the Bridge of Styx due to its appearance. 

1866 November, North Fremantle Bridge opened to traffic (only suitable for foot traffic and small 

light horse drawn carts and buggies).  

The ferry service ceased once the bridge was opened. 

1872 Perth-Fremantle Road (later Stirling Highway) declared a public highway. 

1879 Guildford to Fremantle railway construction began. 

1880 August, Fremantle railway bridge completed. 

1881 Guildford to Fremantle railway opened. The original rail bridge at Fremantle was located 

downstream of the current bridge.  

The Fremantle Passenger Station was located on Phillimore Street between Cliff and Mouat 

Streets. 

1890 21 October, Granting of self-government to Western Australia. 

1892 Gold discoveries mark a decade of incredible growth in the economy and an influx of 

immigration. The population of the state tripled in ten years. The new government had the 

wealth to respond to demands for increased infrastructure, public buildings, civic services 

and business enterprises. 
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Traffic loads reduced as North Fremantle Bridge considered unsafe. Plans began to build a 

new bridge. 

1892-1897 C.Y. O’Connor’s ambitious proposal for a new Fremantle Inner Harbour began. It involved

dredging the river to remove sand bars, more blasting away of the limestone bar and

reclaiming the river foreshores.

1895 The Municipality of North Fremantle was gazetted (i.e. it separated from Fremantle.) 

1897-98 A second bridge was constructed downriver alongside the North Fremantle Bridge. It was 

wider, stronger and lower and was known as the Low Level Bridge. The North Fremantle 

Bridge then became known as the High Level Bridge. 

1897 August, South Mole construction completed. 

River wall from North Jetty to the swampy headland that extends into the River and further 

upriver to the rail bridge was built using limestone primarily quarried from Rocky Bay and 

Buckland Hill. 

1898 September, High Level Bridge was closed to all except pedestrian traffic when the Low Level 

Bridge opened.  
1902 New (current) Fremantle Railway Station opened. 

1908-09 High Level Bridge was renovated to accommodate a tram link to North Fremantle. tramway 

link ran along the upstream side of the bridge. 

The bridge becomes known as the Fremantle Traffic Bridge. 

1909 The Low Level Bridge was closed. It was partially dismantled. 

1910-13 Artillery Barracks constructed at Cantonment Hill. 

1920 Last of Low Level Bridge demolished. 

Cement was manufactured locally from 1920 but good structural timber supplies were 

plentiful and low in cost, so timber remained the material of choice for bridges in the State 

where span lengths allowed. 

1926 July 23, Fremantle Railway bridge collapses after the northern sandy embankment is washed 

away. The bridge was repaired over three months. 

1928 Main Roads Board formed. E. W. Godfrey was recruited from Victoria as the Bridge Engineer, 

a position he held until retirement in 1957. 

1930s During the Depression, to assist employment in the timber industry, timber bridge 

construction became universal. 

1937-40 A new Fremantle Traffic Bridge was built using timber, located alongside the existing 

Fremantle Traffic Bridge. Designed by E W (Ernie) Godfrey, Main Roads Engineer, it was 

intended to last for approx. 40 years. 

1939 15 December, official opening of the bridge although it not completed until early 1940; with 

progress slowed by Australia’s entry into war. 

1939-1946 WWII: Defence took control of Fremantle Harbour including works and security. The old 1866 

bridge was retained in case of war requirements. 

1947-49 Dec 1947 to May 1949, the 1866 bridge was demolished. 

A series of wooden pylons and concrete pylon bases remain in situ on the northern riverbank, 

immediately adjacent to the upstream side of the current Fremantle Traffic Bridge. 

1950s Steel and concrete became preferred material for bridges. 
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Standard designs were adopted for rail and road bridges across the state, using precast, pre-

stressed concrete units and in situ concrete topping. (This was to be the method for the 1974 

Stirling Bridge). 

1950s Fremantle Outer Harbour developed. 

1960s Inner Harbour focused on container handling facilities. 

1961 North Fremantle Council was re-amalgamated with Fremantle Council (now City of 

Fremantle). 

1961 Development associated with the standardisation of railway gauges resulted in need for a new 

railway bridge at North Fremantle. 

1964 The current rail bridge was opened. 

1967 The original 1881 railway bridge was demolished. 

1974 Opening of Stirling Bridge, to the east of Fremantle Traffic Bridge. It formed the beginnings of 

a future Fremantle Eastern Bypass, designed to reduce traffic for the residential and 

commercial areas of Fremantle. 

A concrete overlay was put on the Fremantle Traffic Bridge deck to help preserve it, at a cost 

of around $100,000. This extended the bridge’s life beyond its forty year intention. 

1977 After a ferry collided with piers, part of the existing catwalk was removed and signs were 

erected warning of the dangers of fishing from under the bridge. 

1985 A steel support was attached from the water line to the deck, to strengthen the bridge 

structure. 

Late 1980s The timber piles of the bridge were found to be rotting inside the sand-filled sleeves placed 

around them. Remedial works were carried out including repair of 23 piles and the remainder 

treated to inhibit further rot. 

1991-92 Eight-month project, at a cost of $1.3 million, to refurbish the bridge. Alterations included new 

safety railing which was criticised for its appearance; although the style was based on 

historical evidence of the original. 

2016 Repairs to bridge, costing approx. $20m. 

2020 Main Roads WA proceeding with plans for new road and rail bridges, with architect 

Woods Bagot. 
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2 Brief History 
Whadjuk Noongar bidi 

Noongar People lived in the Perth area and the South West for at least 45,000 years prior to British colonisation. 

There are fourteen language groups, and the Perth region was home for the Whadjuk dialectical group. Noongar 

social structure was focused on the family with family groups occupying distinct areas of country and travelling 

often for hundreds of kilometres between each family group in order to trade. In the Perth area the main source 

of food came from the sea, the Derbal Yerrigan (Swan River) and the extensive system of freshwater lakes that 

once lay between the coast and the Darling Escarpment. Lakes and wetlands provided sustenance for plant life 

and were the habitat of turtles, waterfowl, crustaceans, ducks, tortoises and frogs. In the tradition of Aboriginal 

spiritual dreaming the lakes and wetlands of the area, connected by underground streams, were, and still are, of 

religious significance to the Noongar people. The fundamental creative force and mythological story woven in 

and out of all aspects of Noongar life is the Waugyl, the snake that formed the river contours, landforms and all 

living things.1 

In 1832, Yagan, then a prisoner on Carnac Island, helped Robert Lyon to compile a list of Aboriginal groups in 

contact with the Swan River colony. This information was published in The Perth Gazette and Western Australian 

Journal on 20 April 1833. Yagan described that there were four main groups of Whadjuk people who lived close 

to the river. The Mooro were led by Yellagonga, the Beeliar led by Midgegooro and Yagan, the Beeloo by 

Munday and, to the north-east, the Wurerup led by Weeip. The rivers created natural boundaries of these 

groups, but they were not part of the land estate and instead belonged to the Waugal.2 

Walyalup (Fremantle) was the country on both banks of the Derbal Yerrigan and sits within the Beeliar region. It 

is a place of ceremonies, significant cultural practices and trading. Walyalup has been interpreted as ‘the crying 

place’ or the ‘place of tears’. This refers to the cultural and spiritual belief that when a Noongar person passes 

away their spirit travels over the Wardan towards Wadjemup to their resting place. Walyalup is the place the local 

Whadjuk people used to hold funeral rites. The deceased would be buried in the sand dunes and the singing and 

mourning would start so that the deceased could go on their next journey into the spirit world. It was believed 

that the spirits would cross the sea to Wadjemup (Rottnest Island) and beyond and return at a later date.3 

Walyalup features in traditional stories. The mouth of the Swan River is the place where the Waugal fought the 

Crocodile spirit and used the crocodile’s tail to separate the fresh water from saltwater. The story of how the land 

once extended past Wadjemup but had been inundated by the sea is one of the oldest oral traditions in human 

history.4 

British colonisation around the Swan River brought rapid and devastating changes to Whadjuk Noongar’s ability 

to live on their family’s estates and maintain their ancient and intimate relationships with their land.5 For example, 

Walyalup is the location where the bidi (trails) lead the Noongar from their inland camps to this specific part of 

the coastal area to conduct ceremonial and cultural business, hunt, camp and fish according to the Noongar 

season Kambarang. One of the most important bidi connecting Noongar to other moort (family) throughout 

Whadjuk Noongar boodjar was the rocky limestone ledge between the river mouth and sea, which was a natural 

river crossing. 

This limited access to the harbour for everything but the shallowest barges, and lighters. In January 1848, a trial 

explosion was attempted to judge its success in removing the limestone bar, to enable a deeper channel for 

vessels entering the harbour. It was effective, so the government allocated funds for the following financial year 

1 South West Aboriginal Land and Sea Council. Accessed Mar 15, 2020. http://www.noongar.org.au/ 

2 Map of Noongar territories as described to Robert Lyon by Yagan in 1832, in Green, N. (1995). Broken 

Spears: Aboriginal and Europeans in the southwest of Australia, Focus Education Services, Perth, p. 50. 

3 City of Fremantle and Moodjar Consultancy, 2016. ‘Statements of Significance for the Fremantle Area and 

Registered Aboriginal Sites Cantonment Hill, Rocky Bay and Swan River.’ 

4 City of Fremantle website. https://www.fremantle.wa.gov.au/council/about-city-fremantle/aboriginal-history 

Accessed March 2020. 

5 South West Aboriginal Land and Sea Council. Accessed Mar 15, 2020. http://www.noongar.org.au/ 

http://www.noongar.org.au/
https://www.fremantle.wa.gov.au/council/about-city-fremantle/aboriginal-history
http://www.noongar.org.au/
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to proceed. Over several occasions in January 1849, the Superintendent of Public Works, Mr. Trigg, supervised 

a total of twenty blasts which further removed the limestone bars. He calculated that about 260 tons of stone 

was removed which created a channel 20ft wide, and Trigg aimed to make the channel up to 40 ft wide with 

more explosions. This further work did not proceed at the time.6 

Figure 1. Noongar territories, as described to Robert Lyon by Yagan in 1832. (Green (1995), Broken Spears, p. 50.) 

Colonial transport routes (1829-1866) 
In the first years of the Swan River Colony, the river was the main means of communication. Establishment of the 

capital, Perth, upstream of the port by 19km and on the opposite side of the river to Fremantle created transport 

and communication problems for the fledging colony from the outset. Yet the first bridge was not built in either 

town, but across the Helena River at the inland port of Guildford in 1835, called ‘Drummond’s Crossing’. From 

1831 a monthly whaling boat service ran between the three towns. If winds were favourable, the crew used their 

sails, but usually the journey was powered with long oars.  

The first route on the north side between Fremantle and Perth began from the port. The Fremantle-Perth road 

followed the southern side of the river to Preston Point, where there was a ferry service established in late 

1832/early 1833. It operated north across the river to Minim Cove which was a short passage and less exposed 

to strong winds and tidal currents than the alternatives closer to Fremantle. From this point, produce was ferried 

to various locations along the Swan River. An alternative from 1834 was overland from Minim Cove along the 

sandy track which became the Perth-Fremantle Road (later Stirling Highway). Another alternative overland route 

was south along the riverbank to a crossing over the Canning River, then north at Victoria Park over the 

causeway mud flats. There was also a ferry service from a location at Willis Point (sometimes also marked as 

6 Le Page, J.S. (1986) Building a state: the story of the Public Works Department of Western Australia 1829-

1985. Leederville WA, Water Authority of Western Australia, pp. 50-51. 
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Ferry Point), and across to Lionel Lukin’s property in North Fremantle, where there was a jetty at the bottom of 

Water Street.7 

From c1835 it was decided to close both that Fremantle ferry and the one at Preston Point and open a new one 

below Cantonment Hill. This was to be trialled during the approaching winter for suitability in the windy conditions 

of the coastal area. If this was successful, then jetties would be constructed on both sides of the river’. A plan 

dated 1844 shows the location of both jetties.8  

With a north westerly wind blowing, it was ‘nearly impossible’ to cross the river; the place selected for the ferry 

was ‘inappropriate’. In 1836 Perth Gazette and Western Australian Journal criticised the operation of the 

Fremantle ferry, claiming that it should be moved to a more suitable site before winter- ‘even a temporary bridge 

would be better’. The newspaper also called for the proposed construction of a causeway over the river at the 

flats of the Heirisson Islands to be expedited.9 This was completed in 1843. 

In August 1838, the Fremantle Town Trust decided to take over the management of the ferry. It returned to 

Preston Point for a time. Once convicts were stationed at North Fremantle from 1850, the location of the ferry 

point returned to the jetty at the bottom of Cantonment Hill.10 

Near the Fremantle Traffic Bridge on the south side is the remains of a capstan which is a rare surviving example 

of the technology used to haul river vessels in the nineteenth century. It may be the only extant capstan base in 

Western Australia and is one of a few in Australia. However, its date of construction is unknown and its 

relationship to ferry boat services at Fremantle is unclear.  A common view is that the ferry capstan was 

connected to a ferry boat by a moving rope cable. In the centre of the capstan base was a vertical axle, around 

which a wood and iron bolted capstan rotated, supposedly powered by ten convicts (according to some 

accounts, or animals, according to others) pushing around an iron bar.  

Existing newspaper accounts of the history of the ferry capstan base do not, however, stand up to critical 

scrutiny. The Western Mail published a photograph in 1927 of the capstan site with a caption stating, ‘the 

convicts, ten men on a bar, used to pull up the old “Black Swan”, the first dredge used on the river’.11 

Considering that they regarded the structure as old at this time, then it is likely to have been constructed during 

the second half of the nineteenth century. The Fremantle Gazette (14 March 1984) repeats this assertion and 

adds the structure was associated with the boat repair yards, with the winch used to haul vessels up the slope 

towards Tilly’s yard.12  

However, the ‘Black Swan’ (actually unnamed at this time) was not imported into the Colony from England until 

1869, and was not used until 1871, by which time the bridge was built and a ferry in this location was unlikely. At 

that time, the ‘Black Swan’ was worked with convict labour to dredge a channel from the Narrows to the William 

Street Jetty. The dredge continued operation in the vicinity of Perth until 1878. In 1887 it was relaunched (and 

christened (for the first time) as the ‘Black Swan’ and used to widen the north passage through the bar at the 

mouth of the river at Fremantle. The dredge was later used up the Canning River (1892), in clearing channels for 

the Mends and Coode Street Jetties (1897), and in reclamation work from Pt Lewis to the Causeway (1904-

1911). After this, the ‘Black Swan’ was idle at Fremantle until, in 1923, the dredge was towed behind the North 

Mole and sunk.13 

The origins and purpose of the capstan are therefore unknown, but it is generally considered to be of interest for 

its associations with the function of hauling river vessels by manual labour, which is no longer practised. 

7 Palmer, P. (1979), ‘History of timber bridges in Western Australia.’ Western Roads, Vol 4 No 2, July 1979, 

p. 1; HCWA Heritage Assessment for P4027 Fremantle Traffic Bridge (1939) & Ferry Capstan Base, pp. 4-5.

8 Fremantle 19R, Cons 3868/126, SRO.

9 Perth Gazette and Western Australian Journal, 7 May 1836, 18 May 1837 and 31 March 1838.

10 Notes in Cons1140/1096, SRO.

11 Western Mail 14 April 1927, p. 20 http://nla.gov.au/nla.news-article38009452

12 HCWA Heritage Assessment for P4027 Fremantle Traffic Bridge (1939) & Ferry Capstan Base, p. 5.

13 HCWA Heritage Assessment for P4027 Fremantle Traffic Bridge (1939) & Ferry Capstan Base, pp. 5-6

http://nla.gov.au/nla.news-article38009452
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Figure 2. 1833 survey plan (Fremantle 19, Cons3868/109, SRO) 

Figure 3. 1844 map showing location of Ferry Point and Lukin’s Jetty used for the first ferry service. (Fremantle 19R, Cons 

3868/126, SRO) 
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Figure 4. 1844 map showing location of jetties below Cantonment Hill. Ferries ran from this location from c1835. The 

capstan remains in situ on the south side. (Fremantle 19R, Cons 3868/126, SRO) 

North Fremantle Bridge (Bridge of Styx) (1866)14 
The Perth Causeway bridge was commenced in 1839 and completed in 1843. A bridge was built across the 

Canning by 1849. It was at Fremantle that the river proved to remain a barrier, until the importation of convicts 

from 1850. With the arrival of Royal Engineers in December 1851, convict labour was able to be adequately 

supervised, and construction of public works, including roads and bridges, was accelerated. The effects of this 

small group of engineers, and the ready availability of timber, meant that simple, standardised structures were 

developed.15 By 1862, convicts had built 239 bridges across the state.16 

In 1863, plans were made, under the direction of Governor Hampton, for construction of a bridge across the 

Swan River between North Fremantle and Fremantle. Responsibility for the design and construction of the bridge 

was shared by Captain Grain, a Royal Engineer who was attached to the Fremantle Depot of the Comptroller- 

General’s organisation, and James Manning, a Clerk of Works attached to the Imperial Establishment. 

Manning had trained in England as a civil engineer. He accompanied Captain Henderson to Western Australia on 

the ‘Scindian’ in 1850. Before Manning retired in 1872, he was responsible for the construction and maintenance 

of all sea jetties at Albany, Vasse, Bunbury, Fremantle and Champion Bay. He also built bridges over the Upper 

Canning River, the King and Kalgan Rivers at Albany, and over the Avon River at York, Northam and Toodyay. 

The Fremantle Bridge would have been, however, his largest and most difficult bridge construction project. 

Work commenced on 16 May 1863. In July, the contract was given to B. Mason for £2072 for the supply of all 

timber. However, progress was hindered by the swift tidal currents at this point in the river. It took until March 

14 This section based on HCWA Heritage Assessment for P4027 Fremantle Traffic Bridge (1939) & Ferry 

Capstan Base, pp. 6-8, updated and supplemented by newspaper articles. 
15 Engineering Heritage Panel WA Division. (1998) Large Timber Structures in Western Australia, Institution of 

Engineers, Vol 1, p 1-5. 
16 Palmer, P. (1979), ‘History of timber bridges in Western Australia.’ Western Roads, Vol 4 No 2, July 1979, p. 

10.
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1866 for piles to reach the halfway point across from the south side of the river, although the upper section was 

fixed and the flooring laid. 

During the first two years of construction of the bridge, the average number of convict workers on the project 

was 48, of which 28 laboured in chain gangs, mainly blasting and quarrying stone for the bridge approaches.17 

Because of the long walk back to the prison, their midday meal was brought to them on handcarts and 

distributed from a stone building to the east of the bridge embankments, on the south side of the bridge. There 

too, the convicts sheltered in inclement weather. 

Hundreds of men were engaged, working on punts; on the decking, or on scaffolding. 

Warders with rifles were numerous and escape was practically impossible. Nevertheless 

escapes were attempted and there are dark legends of men having been shot down 

during the seven years that it too to construct the bridge. Official records however show 

the loss of only one life, that of a convict who lost his hold on the bridge and fell into the 

swirling waters of the Swan river.18  

There was opposition to the construction of the Fremantle Bridge both from those who were upset at the neglect 

of other public works, and from lightermen, who plied their trade between the capital and the port. 

The construction of the North Fremantle Bridge is already beginning to make itself 

disagreeably felt by the lightermen on the river, who are informed that the covered arch 

will not admit of boats passing under it whose masts are more than 36 feet high … We 

are told that the design has been approved by W. Dennison and others, but we very 

much doubt whether any engineer acquainted with the situation required to be bridged 

would ever have said that the bridge now erecting at North Fremantle is suitable or will be 

no serious obstacle to navigation of the river.19 

The new Fremantle bridge was originally a camel-back structure to permit sailing lighters to pass under it. It had 

a total length of 954 ft and consisted of two navigation spans each of 45 ft, and 33 spans varying between 25 ft 

and 26 ft. The width of roadway on the bridge was 18 ft and, at the navigation spans, the bridge was 42 ft above 

high water level.20 The 319 timber piles were braced longitudinally approximately 14 feet above high water level, 

except at the navigation spans, where the superstructure was stiffened with two Queen Post trusses projecting 

above the deck on each side of the bridge. This was the standard type of construction used in the Colony at this 

time and had been employed on both the Causeway Bridge and Du Cane’s bridge at Guildford. 

There was such an abundance of timber in the bridge’s construction that it was nicknamed the ‘Bridge of Styx’ in 

The Illustrated London News.21 

In November 1866, the Perth Gazette reported that the new bridge at North Fremantle was completed and that 

Governor Hampton had passed over it in his carriage on the 14th of that month. The bridge was opened to 

general traffic seven days later. There was no official public opening for the bridge, however, as the Governor 

was visiting Champion Bay at the time. Nonetheless, there was an unofficial ceremony: 

[The day after the bridge was open to general traffic] our volunteer Corps assembled on its 

parade ground for a moonlight march. The strains of the Band … soon attracted a 

numerous concourse of our inhabitants, who accompanied them on their march to the 

North Fremantle Bridge, and having crossed it, they, on their return, halted in the centre 

when Captain Manning gave a short address … he expressed regret that … no public 

rejoicing has announced its being opened. The Corps then gave three cheers for His 

 
17 The West Australian 13 March 1934, p. 14. http://nla.gov.au/nla.news-article32991169 

18 The West Australian, 17 February 1934, p. 22. http://nla.gov.au/nla.news-article32771747;  

http://nla.gov.au/nla.news-article32771731 .  

19 Perth Gazette, 15 May 1866. 

20 Le Page, J.S. (1986) Building a state: the story of the Public Works Department of Western Australia 

1829-1985. Leederville WA, Water Authority of Western Australia, p. 97. 

21 Le Page, J.S. (1986) Building a state: the story of the Public Works Department of Western Australia 

1829-1985. Leederville WA, Water Authority of Western Australia, p. 98; The Daily News 14 December 1939, 

p. 18. http://nla.gov.au/nla.news-article78971328 

http://nla.gov.au/nla.news-article32991169
http://nla.gov.au/nla.news-article32771747
http://nla.gov.au/nla.news-article32771731
http://nla.gov.au/nla.news-article78971328
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Excellency, and marched off in a cloud of dust, raised by the juveniles who preceded 

them.22  

The estimated final cost of the bridge was never revealed. It was somewhere between £3,000 and £4,000.23 

Regulations were passed to ensure the bridge’s preservation regarding the movement of cattle, herd sizes and 

time restrictions. Breaches of these regulations carried a fine of £20 with any damage to the bridge requiring the 

cost of repairs to be paid by the ‘person, his master or employer’ who owned the stock.24 

With the construction of the Perth to Fremantle road and bridge, vehicles carrying goods and passenger vans 

were able to make daily journeys between the settlements. A few years after the bridge opening, in June 1869, 

the first telegraph line between Perth and Fremantle was opened, further speeding communication between the 

capital and the port.  

 

Figure 5. Old North Fremantle Bridge (PWD Cons1647/1138, SRO) 

 

 

Figure 6. Old North Fremantle Bridge (PWD Cons1647/1138, SRO). 

 
22 Inquirer, 28 November 1866, p. 3. http://nla.gov.au/nla.news-article69387089 

23 The West Australian 13 March 1934, p. 14. http://nla.gov.au/nla.news-article32991169  

24 Herald, 10 May 1867, p. 2. http://nla.gov.au/nla.news-article3753504. 

http://nla.gov.au/nla.news-article69387089
http://nla.gov.au/nla.news-article32991169
http://nla.gov.au/nla.news-article3753504
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Figure 7. View from the south east. (SLWA 230747PD) 

Figure 8. View of the Bridge of Styx, c1880 from the south side. (SLWA 010719D) 
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Figure 9. Rowing regatta on the south side of the river, near the new bridge. (SLWA 025517PD) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. (Left) Opening of the bridge. (Inquirer, 28 November 1866, p. 3.) 

Figure 11. (Right) Regulations for bridge use. (Herald, 10 May 1867, p. 2.) 
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Figure 12. Plan of the new bridge that connects Cantonment Road and Perth Road across the Swan River. 1870. (SRO Cons 

3868/116) 

 

 

Figure 13. Rowing Club on the south bank near the 1866 bridge, c1890. (RWAHS P1999.3029) 
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Fremantle Railway Bridge (1881) 
In 1881 a timber railway bridge was constructed downstream from the traffic bridge, completing a Perth to 

Fremantle rail link. From c1881-1896 the bridge had a single track. After 1896 the tracks were duplicated. A few 

years later a narrow four foot wide walkway (eastern side of bridge) was added for cyclists and pedestrians.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 14.   1885 plan showing rail and road bridge locations. (Fremantle 231C, SLWA B2104109/2) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15. 1905, a small goods train crosses the bridge. (SLWA 006409PD) 
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Figure 16. View of rail bridge from North Fremantle side, c1920s. (FHC 468) 

This railway bridge collapsed in floodwaters in July 1926, when an abnormally heavy rainfall washed away about 

30m of riverbank on the north side. The collapse happened shortly after a train had crossed, and railway gangs 

immediately stopped following trains, preventing a grand disaster. Rails and sleepers were left hanging in the air. 

The bridge took over nearly three months to repair, during which the Fremantle train terminated in North 

Fremantle. It reopened on 12 October 1926.25 It initially had only one set of rails. It was another six months 

before the second set of rails was built across the repaired bridge.26 

Figure 17. Flood waters caused the rail bridge to collapse in July 1926. (FHC E000028-01) 

25 The Weekly Herald, 23 July 1926, p. 3. http://nla.gov.au/nla.news-article257761147; The West Australian. 

12 October 1926, p 7. http://nla.gov.au/nla.news-article31954082  

26 The West Australian. 20 January 1927, p. 12. http://nla.gov.au/nla.news-article32007826.  

http://nla.gov.au/nla.news-article257761147
http://nla.gov.au/nla.news-article31954082
http://nla.gov.au/nla.news-article32007826
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Figure 18. Flood waters caused the rail bridge to collapse in July 1926. (FHC 3375 

 

 

 

 
 
Figure 19. View of the flood damaged rail bridge, July 1926. (RWAHS P1999.1824) 
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A new harbour (1892-1897) 
Gold discoveries in the late 1880s marked a decade of incredible growth in the economy and an influx of 

immigration. The population of the state tripled in ten years. The new government had the wealth to respond to 

demands for increased infrastructure, public buildings, civic services, and business enterprises. C.Y. O’Connor’s 

ambitious proposal for a new Fremantle Inner Harbour began in 1892. The five year project involved dredging the 

river to remove the sandbars, further blasting of the limestone bars and reclaiming the river foreshores. This 

resulted in further destruction of the Whadjuk Noongar bidi, the location where Noongar would cross the Derbal 

Yerrigan at Walyalup. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20. View of the Swan river mouth; in the middle ground is Ferry Point, familiarly known as Willis' Point. In the distance 

is the first Railway Bridge (built 1881), and the far distance the Bridge of Styx (built 1866). (FHC 83) 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Figure 21. This 1898 plan shows the extent of works that occurred to build the new Inner Harbour, noting the location of sand 

bars that were dredged. (FHC)   
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Temporary bridge (Low Level Bridge) (1898-1909) 27 
 

In 1892 traffic loads were reduced as North Fremantle Bridge considered unsafe. A traffic count in 1893 

reported that over a 24 hour period, carriage over the bridge included 107 vehicles (including horses) at an 

estimated weight of 140 tons, 31 saddle horses estimated weight 21 tons), and 476 foot travellers (estimated at 

24 tons). Over a year, this load was estimated at 60,000 tons. The government began plans to build a bigger 

bridge. 

In October 1897 construction began on a temporary second bridge downriver alongside the North Fremantle 

Bridge. The contract was let to Henrikson and Knutson for £3,500. The original plan included a drawbridge, but 

within two months work was halted for the plans to be revised. In February 1898 work recommenced and the 

temporary bridge (without a drawbridge) was completed by June except for details such as gas lighting. It was 

504ft in length ‘with 20 spans of 21ft each, and two trussed spans of 41ft 6in and 48ft respectively, the two latter 

giving a space of 23ft from the decking to the water's edge for the convenience of shipping.’ The whole of the 

bridge was made of jarrah, and contained 1,300 cubic feet of sawn timber and 6,000 lineal feet of piles.28  

The new bridge was wider, stronger and lower and was known as the Low Level bridge. The North Fremantle 

Bridge then became known as the High Level bridge. It was closed to all except pedestrian traffic. The Low Level 

bridge was opened on 28 September 1898. It was intended that the High Level bridge be replaced with a wider 

structure with a Swing Span with two 75 feet navigation openings, after which the Low Level bridge would be 

demolished. However, nothing further was done.29 

This proved fortuitous when in 1908, the Fremantle and North Fremantle Municipal Councils wanted to extend 

the existing Fremantle tramway system to North Fremantle. This could not be achieved with the Low Level 

bridge, which was found to be at the wrong level with an awkward approach. A proposal was put forward to 

investigate the possibility of using the High Level bridge. An inspection was carried out on and under the old 

bridge and this found that of 319 piles examined, 306 were absolutely sound, and only 13 had some defect, and 

no piles required replacing. In view of its excellent condition the Government decided to adapt the High Level 

bridge to tram and road traffic by cutting down its superstructure to remove its hump. The bridge was widened, 

with new piles sunk and new decking added. This was completed by September 1909.30  

The Low Level bridge was closed on 18 June 190931. A section from the north abutment to the north side of the 

navigation opening was cut down and decked over to form a landing stage, so that it could be used for fishing.  

 

 
27 This section based on HCWA Heritage Assessment for P4027 Fremantle Traffic Bridge (1939) & Ferry 

Capstan Base, pp. 8-9, updated and supplemented by newspaper articles and archival research. 

28 The Inquirer and Commercial News, 24 June 1898, p. 2. http://nla.gov.au/nla.news-article66689093 

29 Various correspondence in Cons1140/0372, SRO. 

30 Various correspondence in Cons1140/0372, SRO. 

31 G. Farrar, Engineer Roads and Bridges, in Cons1140/0372, SRO. 
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Figure 22. Locality Plan for proposed temporary bridge. (PWD Cons1647/11379, SRO) 

Figure 23. Revised design for temporary bridge. (PWD Cons1647/11379, SRO) 
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Figure 24. Low level and High level bridge, c1905. (06695PD SLWA) 

Figure 25. Low level and High level bridge, c1907. (SLWA) 

Figure 26. A view from the riverbank, c1900, showing the Low Level bridge behind the High Level bridge. (FHC 1486) 
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Figure 27. The high level bridge viewed from the south east. (Cons1140/0372, SRO) 

 

 

 

 

Figure 28. High and low level bridges feature in this hand coloured postcard. (Cons 1140/0372 SRO) 
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The revived North Fremantle Bridge (1909) 
 
The newly leveled bridge was adapted and widened to suit the tramway and road traffic and reopened in June 

1909.  

It received a modern touch with the replacement of the six gas lights with electric lights in 1919, specifically 

eleven 18ft poles were erected along its length.32 As for maintenance works, sections of the surface were 

redecked in 1915 and 1927, and some piles were replaced in 1931.33 With little upkeep mainly due to 

government financial constraints it became increasingly unstable and dangerous. Various appeals were made to 

the government throughout the 1920s. In 1920 the Tramway Authorities were instructed by Main Roads to limit 

the speed of trams over the bridge to 6 miles per hour. The Engineer for Roads and Bridges, Mr O’Connell 

advised that any speed faster than this was ‘inviting disaster to all and everything concerned.’ The collapse of the 

railway bridge in 1926 added to fears that the road bridge would also collapse.34 

In September 1933, the Member for Fremantle, Hon. Joseph Sleeman MLA put a question to the Minister for 

Works in parliament: 

Is it the intention of the Government to proceed with the building of a new bridge to take the place 

of the old, obsolete and unsafe structure called a traffic bridge at North Fremantle?35 

The State Government announced plans to widen the Perth to Fremantle Road (the present Stirling Highway) but 

finances did not allow for this to include a new bridge at the time. The public was assured that the bridge was 

safe; meanwhile the government began investigating what a new bridge would entail.  

Main Roads estimated that a new reinforced concrete bridge would cost £650,000 and take three years to build. 

As part of the design process, date was collected on bridges in other cities, including Sydney Bridge, Brisbane 

(Grey Street), Adelaide (King William Street over the Torrens River) and the Spence Street Bridge in Melbourne, 

comparing the load on roadway and footpath, the impact allowance, and the width of bridges. Engineer-in-Chief 

Mr Stileman proposed the location was a new one much further east, aligned from Bruce Street on the north to 

Hubble Street on the south side. There were designs for a concrete combined road and rail bridge, and an 

alternate design in steel, 1,23ft long.36  

A deputation from the Fremantle, North Fremantle and East Fremantle Councils in July 1935 supported by 

various stakeholders between Spearwood and Cottesloe put it to the government that: 

The present structure was a disgrace to the State and a bad advertisement because it was the 

link between the chief Port and the Capital City and was not worthy of a State like Western 

Australia. It was the front door to the Commonwealth, and gave a very bad impression to visitors. 

There was then the aspect of public safety.37 

The deputation also put it to the government that building a new bridge would be a means of combating the 

Depression. Two years later another deputation was presented to the Minister for Works, Mr. H. Millington. This 

time the lobbying was more successful. Investigations had already been undertaken on designs for a timber 

bridge, as the costs of a reinforced concrete bridge seemed to be the major obstacle.38 

A timber bridge could be constructed for about £78,000. The concept of the timber bridge to replace an earlier 

timber bridge was ridiculed by some parties. However, the Fremantle Harbour Trust confirmed to Main Roads 

that ‘expansion of the harbour upstream will not be an urgent matter for at least ten years’ - but not beyond. The 

Commissioner for Railways had been consulted about the railway bridge, and advised that this would be suitable 

for another 15 years. In any case, in the event of port expansion, the rail bridge would be the first to be relocated.  

With the possibility of future port expansion, the Commissioner of Main Roads, Mr E. Tindale went ahead with a 

timber structure as a temporary remedy, with the expectation that it would later be demolished. It was certainly 

 
32 Various correspondence in Cons1140/0372, SRO. 

33 The West Australian, 20 January 1927, p. 12. http://nla.gov.au/nla.news-article32007826.  

34 Various correspondence in Cons1140/0372 and Cons1140/0235, SRO. 

35 Cons1140/0235, SRO. 

36 Correspondence, 29 Sept 1934, Cons1140/0235, SRO. 

37 Deputations July 1935 and Feb 1937 in Cons1140/0235, SRO. 

38 West Australian, 15 January 1936, p. 18. http://nla.gov.au/nla.news-article32961029  

http://nla.gov.au/nla.news-article32007826
http://nla.gov.au/nla.news-article32961029
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never considered to be a permanent solution to future considerations of road and rail demands; merely to meet 

the present needs. Nonetheless, it was designed to look pleasing, and to have a life of forty years.39 

Tindale endorsed the location of the new bridge immediately downstream of the present one, with the rail bridge 

to remain where it was for the present. All government departments were in agreement that realignment of the 

railway and the erection of a combined road and rail bridge in the location proposed a few years earlier by 

Stileman would add considerably to the cost, and was beyond what the State could afford. In addition, the 

advent of bulk handling for wheat indicated that the harbour might not require expansion in the immediate future 

as originally thought.40 

Figure 29. Tram c1909 over the newly rebuilt bridge. (FHC 352) 

Figure 30. The bridge c 1930. (FHC 2191) 

39 Various correspondence in Cons1140/0235; Cons1140/0381, SRO. 

40 Commissioner of Main Roads, Tindale to Minister for Works, 18.6.1937 in Cons1140/0381; Premier’s 

speech in Cons1140/1096, SRO. 
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Figure 31. A water level view towards East Fremantle, c 1930. (SLWA 110443PD)  
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Fremantle Traffic Bridge (1939) 

The bridge construction was overseen by E.W. (Ernie) Godfrey, Main Roads Engineer. He had been in charge of 

the Bridge Section of Main Roads since his arrival in Perth from the Victorian Railways in 1928. Until his 

retirement in 1957, he was responsible for the design of all the bridges built in Western Australia in this period, 

and the construction of the major ones.41  

Construction began in 1937. All labour and materials were locally sourced, with the exception of some steel work 

for the navigation openings and a small amount of ironwork. The abutments were constructed of mass concrete 

and pilings on the north side and limestone on the south side. During construction works, a stone building on the 

south side of the river, and east of the bridge was used for storage of equipment. It was government property but 

had been occupied at the time by a lessee.42 

The new bridge did not include a tram line. It was at first a contentious issue and took some negotiations 

between all parties. The route was not as well used as the others. Given the extra cost, Main Roads expected the 

local councils to pay for the rails. The North Fremantle Council was eventually in favour of discarding the 

tramway provided the Transport Board provide an alternative. Public transport by tramway was replaced with 

buses.43 The bridge was therefore based on the provision of a vehicular way of 40ft sufficient to carry four lanes 

of traffic, (revised from the initial 36ft to allow room for cyclists), together with one pedestrian way 6ft wide on the 

downstream (westerly) side.44 

Above the waterline, most of the bridge was of timber construction, with workers using axes to fashion the 

splices and joints of the whole superstructure. The pilings were jarrah with karri atop to support the stringers. 

Running in the same direction as the road, the stringers were made of durable wandoo logs. On top of these 

were transverse jarrah bearers and, running longitudinally on top, a deck of jarrah. Four ornamental concrete 

pillars, surmounted by lanterns cast in statuary bronze, were positioned at the entrances to the bridge. Wire 

mesh panelling with timber posts and wrought iron handrails fenced the bridge.45 

The bridge had the following specifications and features when built: 

• 720ft 6in long, 26 spans

• roadway 40ft between curbs plus footway

• footway 6ft wide

• Jarrah decking

• essential services (water, gas, telephone and electricity) installed underneath the roadway

• 3 navigation openings, two 70ft wide and one 56ft wide

• Round timber stringers

• Jarrah piles up to 65ft long, driven to a depth of 20ft below riverbed

• longer piles spliced with wandoo logs

• concrete collars for piles to protect from marine borers

• collars made of concrete pipes 24in in diameter and six feet long, joined with hemp saturated in bitumen

• concrete collars extended4ft above normal water level and the space between the pile and the inside of the

pipe was filled with clean sand

41 Edmonds, L. (1997) The Vital Link: A History of Main Roads Western Australia, 1926-1996. Main Roads 

WA, p. 154.  

42 Various correspondence in Cons1140/0381, SRO. 

43 Various correspondence in Cons1140/0381, SRO. 

44 Main Roads to North Fremantle Council, 1 July 1938, Cons1140/0381, SRO. 

45 Notes in Cons1140/0381, SRO. 
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Figure 32. New bridge under construction. View from north. (SLWA 022433PD) 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 33. New bridge under construction. View towards the harbour entry. (SLWA 022431PD) 
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Figure 34. The bridge under construction, view from the south side. (West Australian, 15 July 1939, p. 23. 

http://nla.gov.au/nla.news-article46408106.) 

Figure 35. The bridge under construction, showing the concrete collars to protect the timber piles. (Edmonds, L. (1997) The 

Vital Link: A History of Main Roads Western Australia, 1926-1996. Main Roads WA, p. 90) 

http://nla.gov.au/nla.news-article46408106
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Figure 36. Main Roads plans for new Fremantle Traffic Bridge. (PWD /1770/3, SRO) 
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Fremantle Traffic Bridge (1939-2020) 

The new Fremantle-North Fremantle Traffic Bridge (as it was called on the official invitation) was opened by the 

Hon. J.C. Willcock MLA, Premier of WA, on Friday 15 December 1939.  

The opening program involved the assembly of guests at Victoria Quay at the bottom of Cliff Street at 2.25pm. 

They were taken upstream aboard the ‘Ivanhoe’ to get a river view of the bridge. After a return to Cliff Street to 

collect their cars, guests proceeded to the bridge for the opening ceremony. 

The Hon. Mr Willington, Minister for Works introduced the Premier, who made a short speech and declared the 

bridge open. The Premier noted in his address that the opening coincided with the completion of Stirling Highway 

after six years and the change from trams to buses.  

A group of ladies (Messrs Willcock, Millington, Gibson, Turton and Locke) held a ribbon across the bridge, and 

the Premier drove over the new bridge breaking the ribbon. On return, he unveiled the plaque. After a speech 

from the Commissioner of Main Roads the whole party drove over the old bridge, returned over the new bridge 

and proceeded to the Fremantle Town Hall for a reception. 

Despite this official opening, the bridge was not actually completed until early in 1940, as progress had been 

slowed by Australia’s entry into war in September 1939.  For example, white lines had yet to be painted to mark 

the lanes.46 

The final cost for the Fremantle Traffic Bridge amounted to £74,609. The State government was assisted with 

financing of the bridge by the Federal-Aid Roads Agreement.47 The amount had been adjusted down from the 

allocated £78,810 because demolition of the old bridge did not occur immediately. As a precautionary measure, 

the old bridge was retained during war conditions, so it could be used in the event of the new structure being 

damaged by enemy action. This was a second era in which the river had two adjacent bridges in existence.  

The bituminous surface of the bridge and approaches did not occur due to the requirement for timber shrinkage 

to be take up and a period of seasoning, and then further delayed by a shortage of bitumen supply in war 

conditions. By November 1941, the timbers had been well seasoned and a penetration coat was required to 

prevent them loosening. 

In 1944 it was noted that some decking timbers from the old bridge were being removed, and it was becoming 

dangerous to pedestrians. It was barricaded off at both ends, but due to a lack of manpower in war conditions, it 

was not considered an option to demolish it at that point. In 1946 attention was again drawn to the issue with 

having the old bridge still in situ, as the lighting underneath had been dismantled. The arches underneath the 

new bridge and old did not align, and constituted a danger to vessels navigating the river. In October 1947 

tenders were invited for demolition and dismantling of the old bridge. It was won by Ball and Sons of East 

Fremantle for £2,500. The old bridge, that had been in place since 1866 in some form, was finally dismantled 

over a period from December 1947 to May 1949. Timbers were salvaged for firewood and milling by the State 

Saw Mills. On the south side, the stone archway and abutment were left behind. They were removed in 1950 

following safety concerns.48 A series of wooden pylons and concrete pylon bases remain in situ on the northern 

riverbank, immediately adjacent to the upstream side of the current Fremantle Traffic Bridge. They are visible at 

low tides. 

The 1960s was a period in which the north port was modified to suit containerisation. Rous Head was developed 

and the railway line was duplicated and standard gauge installed. Plans for a new Railway Bridge were drawn up 

in 1958 and a contract for £345,025 was let in 1961. The new rail bridge was built upstream, closer to the traffic 

bridge, to allow for future harbour and port expansion.49 It was opened for trains on 16 September 1964. The 

1881 railway bridge was demolished in 1967. 

46 Various correspondence in Cons110/1096, SRO. 

47 Various correspondence in Cons1140/0381, SRO. 

48 Various correspondence and tender documents, Cons1140/1096, SRO. 

49 WAGR Annual Report 1964. 
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Figure 37. Opening of the Fremantle Traffic Bridge. L-R: E. Tindale (Commissioner of Main Roads), J.C. Willcock (Premier), 

H. Millington (Minister for Works). 15 December 1939 (SLWA 217587PD)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 38. Opening of the Fremantle Traffic Bridge, 15 December 1939 (FHC 2063D) 
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Figure 39. 1947 aerial shows the rail bridge (far left) and on the right side of this image, the new bridge adjacent and to the 

west of the 1909 bridge. (Landgate) 

Figure 40. 1947 view looking north, with the old bridge still extant at right. (FHC 2195)  
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Figure 41. Taken 1948, this shows the partially demolished 1866 bridge. (FHC 2063c) 

Figure 42. Construction in progress for the new rail bridge, 1963. (FHC 3642) 
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Figure 43. Plan for location of new railway bridge. (WAGR Plan 5812/1, in Engineering Heritage Panel WA Division. (1998) 

Large Timber Structures in Western Australia, Institution of Engineers, Vol 5) 

Figure 44. 1977 aerial shows the location of the new railway bridge built 1964. (Landgate) 
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The 1939 Traffic Bridge has changed very little in form or materiality since construction.50 

In 1973 a section of the bridge was found floating in the harbour, after a 30ft long pylon and several timber 

beams, weighing more than a ton, broke away from the rest of the structure. One of the navigation spans of the 

bridge was closed to river traffic while work was under way. In 1974-75, a concrete overlay was put on the 

bridge deck to help preserve it, at a cost of around $100,000. This extended the bridge’s life beyond its forty 

year intention. 

 In 1977, the ferry Temeraire II collided with bridge piers, sparking concern at the use of the bridge piers for 

recreational fishing. Part of the existing catwalk was removed and signs were erected warning of the dangers of 

fishing from under the bridge. The piers and piles have always been appreciated as a good vantage point for 

fishing, and whenever Main Roads tried to ban this activity, there has been strong public resistance. Although 

technically illegal under the Jetties Act Regulations 1940, fishing is tolerated. 

In 1985, the structure of Fremantle Traffic Bridge was strengthened when a steel support was attached from the 

water line to the deck. This effectively transferred the stress load from any weakened piles to the stronger deck 

in the event of watercraft impacting on the bridge piles. In order to carry out this work, the bridge was partially 

closed with north-bound traffic having to use the Stirling Bridge to travel towards Perth. Throughout the work, the 

bridge’s cycleway and footpath remained open. 

In spite of the 1985 repair work having been expected to extend the life of the bridge for another 15 years, in the 

late 1980s, by which time the bridge was around fifty years old, the timber piles of the bridge were found to be 

rotting inside the sand-filled sleeves placed around them. This meant that if a large river craft had hit the bridge, 

the road surface could collapse. Twenty-three of the worst affected piles were repaired and the remainder 

treated to inhibit further rot. 

From November 1991 to August 1992 Main Roads undertook a major refurbishment costing $1.3m over 8 

months to improve bridge stability, lighting and navigation systems. Major substructural works included half cap 

replacement and repair of all piles. Other alterations included new safety railing, which was criticised for its 

appearance, although the style was based on historical evidence of the original. 51 

During the 1990s, regular maintenance work on the bridge has continued. Some of this work, involving 

replacement of the fabric of the structure included: replacement of various timber members with equivalent steel 

components; repair or replacement of sections of timber piles with concrete sleeves installed at the splashing 

zone (most deterioration occurs at the ‘splash zone’, caused by water and marine organisms); and replacement 

of guardrails. At the navigation spans, the bridge piers were modified by installation of fenders for protection of 

vessels. Some of the deteriorated sections of piles has been replaced by cutting a section out and splicing it with 

old or recycle timber. Timber suitable for use on the bridge would need to have been seasoned for a 

considerable period of time to achieve the timber properties compatible with the rest of the structure and 

therefore, equivalent timbers for replacement are generally difficult to obtain. 

The bridge was briefly closed in 2016 for repairs (approx. cost $20m) at which time it was estimated that $40-50 

million would be required to keep the old bridge standing for potentially just a few more years.52 

For many years Main Roads Western Australia has a number of ongoing safety concerns regarding the 

Fremantle Traffic Bridge, and as at 2020 is proceeding with plans to build new road and rail bridges in the 

approximate location of the 1939 Fremantle Traffic Bridge. 

50 All following information taken from HCWA Heritage Assessment for P4027 Fremantle Traffic Bridge 

(1939) & Ferry Capstan Base. 

51 Engineering Heritage Panel WA Division. (1998) Large Timber Structures in Western Australia, Institution 

of Engineers, 1060; Edmonds, L. (1997) The Vital Link: A History of Main Roads Western Australia, 1926-

1996. Main Roads WA, p. 386. 

52 Stahl, J. (2020) ‘Fears for Bridge.’ Fremantle Herald online, 5 June 2020. 

https://heraldonlinejournal.com/2020/06/05/fears-for-bridge/ 

https://heraldonlinejournal.com/2020/06/05/fears-for-bridge/
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Figure 45. Fremantle Traffic Bridge looking south across to Cantonment Hill. (element 2020) 



37 

3 Bibliography 
Secondary sources 

Chalmers, John (2001). A Ticket to Ride: A History of the Fremantle Municipal tramways. Mt Lawley, WA: Perth 

Electric Tramway Society Inc. 

City of Fremantle and Moodjar Consultancy (2016) ‘Statements of Significance for the Fremantle Area and 

Registered Aboriginal Sites Cantonment Hill, Rocky Bay and Swan River.’ 

Edmonds, L. (1997) The Vital Link: A History of Main Roads Western Australia, 1926-1996. Main Roads WA. 

Edmonds, L. (2009) “Infrastructure and Public Works,’ in Gregory, Jenny and Jan Gothard (Eds), Historical 

Encyclopedia of Western Australia, Nedlands, WA: UWA Press, pp. 481-484. 

Engineering Heritage Panel WA Division. (1998) Large Timber Structures in Western Australia, Institution of 

Engineers.  

Green, N. (1995). Broken Spears: Aboriginal and Europeans in the southwest of Australia, Focus Education 

Services, Perth. 

Hartley, R.G. (2009) ‘Bridges’ in Gregory, Jenny and Jan Gothard (Eds), Historical Encyclopedia of Western 

Australia, Nedlands, WA: UWA Press, pp. 142-143. 

Hughes-Hallett, D. (2010) Indigenous history of the Swan and Canning rivers. Parks and Wildlife Service, 

Department of Biodiversity, Conservation and Attractions. 

https://parks.dpaw.wa.gov.au/sites/default/files/downloads/parks/Indigenous%20history%20of%20the%20Swan

%20and%20Canning%20rivers.pdf 

Le Page, J.S. (1986) Building a state: the story of the Public Works Department of Western Australia 1829-1985. 

Leederville WA, Water Authority of Western Australia. 

Main Roads Department Annual Reports. 

Palmer, P. (1979), ‘History of timber bridges in Western Australia.’ Western Roads, Vol 4 No 2, July 1979. 

Webb, D and Warren, D. (2005) Fremantle: Beyond the Roundhouse. Self-published. 

State Records Office of Western Australia 
(SRO) 
Files – Main Roads - Stirling Highway. New traffic bridge over Swan River at North Fremantle. Cons 1140 Item 

0235 (1933-1943). 

Files – Main Roads - New Traffic bridge over Swan River Road. North Fremantle Municipality Job No.167 - 

construction of new bridge. No.1417 - bituminous surfacing of deck & approaches. Cons 1140 Item 0381 (1937-

1947). 

Files – Main Roads - New traffic bridge over Swan River. North Fremantle Municipality. Opening ceremony and 

invitations thereto. Cons 1140 Item 1096 (1939-1940). 

Files – Main Roads - North Fremantle traffic bridge over Swan River (old bridge) Stirling Highway - North 

Fremantle Municipality. General file. Cons 1140 Item 0007 (1933-1964) 

Files – Main Roads - (Old bridge) North Fremantle Traffic Bridge over Swan River. North Fremantle Municipality. 

Early history & pile records. Cons 1140 Item 03727 (1914-1935) 

PWD - Plans – Architectural and Engineering - Fremantle Railway Bridge, preliminary drawings. Cons 1647 Item 

27058 

PWD - Plans – Architectural and Engineering – Fremantle Road Bridge. Cons 1647 Item 00286 

https://parks.dpaw.wa.gov.au/sites/default/files/downloads/parks/Indigenous%20history%20of%20the%20Swan%20and%20Canning%20rivers.pdf
https://parks.dpaw.wa.gov.au/sites/default/files/downloads/parks/Indigenous%20history%20of%20the%20Swan%20and%20Canning%20rivers.pdf


38 

PWD - Plans – Architectural and Engineering - North Fremantle Teporary [sic] Bridge. Cons 1647 Item 11062 

PWD - Plans – Architectural and Engineering - Fremantle Low Level Road Bridge. Cons 1647 Item 06324 

PWD - Plans – Architectural and Engineering – Fremantle Swing Bridge. Cons 1647 Item 09327 

PWD - Plans – Architectural and Engineering - North Fremantle Bridge, plan showing existing piles in old & new 

bridge. Cons 1647 Item 11381 

PWD - Plans – Architectural and Engineering - North Fremantle Road Bridge, locality plan & proposed temporary 

bridge. Cons 1647 Item 11379 

Heritage reports 

Heritage Council of Western Australia (HCWA) Heritage Assessment for P4027 Fremantle Traffic Bridge (1939) 

& Ferry Capstan Base. Compiled by Palassis Architects and Wayne Moredoundt, historian in March 2007.  

Online resources 

Australian Dictionary of Biography. http://adb.anu.edu.au 

Fremantle History Centre. https://www.fremantle.wa.gov.au/fremantle-history-centre 

Fremantle Stuff. https://fremantlestuff.info/index.html  

National Library of Australia. “Trove.” https://trove.nla.gov.au (for newspaper articles) 

South West Aboriginal Land and Sea Council:  http://www.noongar.org.au/ 

South West Aboriginal Land and Sea Council. “Noongar Word List.” 

https://www.noongarculture.org.au/glossary/noongar-word-list/ 

State Library of Western Australia. https://slwa.wa.gov.au/explore-discover/wa-heritage (for photographs) 

Western Australian Land Information Authority. “Landgate MapViewer Plus.” (for aerial photographs) 

https://www0.landgate.wa.gov.au/maps-and-imagery/interactive-maps   

Photographs 

Fremantle History Centre (FHC) 

State Library of Western Australia (SLWA) 

Royal Western Australian Historical Society (RWAHS) 

http://adb.anu.edu.au/biography/stirling-sir-james-2702
https://www.fremantle.wa.gov.au/fremantle-history-centre
https://fremantlestuff.info/index.html
https://trove.nla.gov.au/
http://www.noongar.org.au/
https://www.noongarculture.org.au/glossary/noongar-word-list/
https://slwa.wa.gov.au/explore-discover/wa-heritage
https://www0.landgate.wa.gov.au/maps-and-imagery/interactive-maps


Swan River Crossings - EPA Referral Supporting Document 

 

Document No: D20#627360 Page 80 of 80 

Appendix E: Stakeholder Engagement Timeline 



November 2019 –

June 2020

COMMUNITY 

FEEDBACK SOUGHT

July – September 2020

REVIEW FEEDBACK 

& PROVIDE 

PROJECT UPDATES

November –

December 2020

COMMENCE 

PROCUREMENT OF 

ALLIANCE 

CONTRACTOR

August 2020 – January 2021 

ALLIANCE 

CONTRACTOR 

AWARDED 

COMMENCE 

DETAILED DESIGN

January 2021 

DESIGN 

REFINEMENT

January – June 2021 

COMMUNITY 

FEEDBACK SOUGHT

July – September  2021 

S W A N  R I V E R  C R O S S I N G S  - S TA G E  1

S W A N  R I V E R  C R O S S I N G S  - S TA G E  2

DESIGN 

FINALISATION

October – December 

2021 

CONSTRUCTION 

COMMENCES

January 2022

ESTABLISH PROJECT 

STEERING 

COMMITTEE &

STAKEHOLDER 

WORKSHOP

CONSTRAINTS AND 

ISSUES MAPPING 

TO DEVELOP 

PREFERRED 

ALIGNMENT

DETERMINE 

HERITAGE AND 

URBAN LANDSCAPE 

AND DESIGN 

PRIORITIES

October –

November 2020
October 2019

July 2020 – ongoing

ENGAGEMENT 

WITH WHADJUK

WORKING GROUP



PROJECT UPDATES

STAKEHOLDER & COMMUNITY 

CONSULTATION

July – October 2020

Minister 

Announcement

My Say Project 

Information

Working Group 

Meetings

Crossing 

Conversations #1   

Determining the 

Alignments

Working Group 

Meetings –

Technical 

Considerations

Targeted Key 

Stakeholder 

Briefings and 

Whadjuk Working 

Group

Working Group 

Meetings –

Technical 

Considerations 

Whadjuk Working 

Group

Crossing 

Conversations 

#2 & #3  -

Heritage & 

Design

My Say digital 

Crossing 

Conversations

#2 & #3  

Heritage & 

Design

Communicate 

Outcomes and 

Next Steps

Early August Early August Early August 17 August 29 August, 2 Sept

25 August –

21 Sept

October


	Swan River Crossings EPA Supporting Document Rev 0.pdf
	Swan River Crossings EPA Supporting Document Rev 0
	Executive Summary
	1 Introduction
	1.1 Purpose and Scope
	1.2 Proponent
	1.3 Environmental Impact Assessment Process
	1.4 Other Approvals and Regulation
	1.4.1 Decision Making Authorities
	1.4.2 Other Approvals Required


	2 The Proposal
	2.1 Background
	2.2 Justification
	2.3 Proposal Description
	2.3.1 Actions that do not form part of Proposal
	2.3.2 Proposal Key Characteristics

	2.4 Local and Regional Context
	2.4.1 Climate
	2.4.2 Geology and soils
	2.4.3 Flora and vegetation
	2.4.4 Terrestrial fauna
	2.4.5 Aquatic Fauna
	2.4.6 Hydrology
	Surface water and drainage
	Wetlands
	Groundwater
	Groundwater to the north of the river has the potential to be contaminated by historical land uses.
	Public drinking water resource areas

	2.4.7 Terrestrial and Aquatic Environmental Quality
	Contamination
	Acid Sulfate Soils

	2.4.8 Air Quality
	2.4.9 Social Surroundings
	Aboriginal Heritage
	Historic Heritage
	Noise



	3 Stakeholder Engagement
	3.1 Key Stakeholders
	3.2 Stakeholder Engagement Process

	4 ENVIRONMENTAL PRINCIPLES AND FACTORS
	4.1 Principles
	4.2 Identification of Environmental Factors
	4.3 Benthic Communities and Habitat
	4.3.1 EPA Objective
	4.3.2 Policy and Guidance
	4.3.3 Receiving Environment
	4.3.4 Potential Impacts
	4.3.5 Mitigation
	4.3.6 Outcome

	4.4 Marine Environmental Quality
	4.4.1 EPA Objective
	4.4.2 Policy and Guidance
	4.4.3 Receiving Environment
	4.4.4 Potential Impacts
	4.4.5 Mitigation
	4.4.6 Outcome

	4.5 Marine Fauna
	4.5.1 EPA Objective
	4.5.2 Policy and Guidance
	4.5.3 Receiving Environment
	4.5.4 Potential Impacts
	4.5.5 Mitigation
	4.5.6 Outcome

	4.6 Inland Waters
	4.6.1 EPA Objective
	4.6.2 Policy and Guidance
	4.6.3 Receiving Environment
	4.6.4 Potential Impacts
	4.6.5 Mitigation
	4.6.6 Outcome

	4.7 Social Surroundings (Noise and Heritage)
	4.7.1 EPA Objective
	4.7.2 Policy and Guidance
	4.7.3 Receiving Environment
	Aboriginal Heritage
	Historic Heritage
	Noise

	4.7.4 Potential Impacts
	Aboriginal Heritage
	Historic Heritage
	Noise

	4.7.5 Mitigation
	Aboriginal Heritage
	Historic Heritage
	Noise

	4.7.6 Outcome

	4.8 Terrestrial Environmental Quality
	4.8.1 EPA Objective
	4.8.2 Policy and Guidance
	4.8.3 Receiving Environment
	4.8.4 Potential Impacts
	4.8.5 Mitigation
	4.8.6 Outcome


	5 Other Environmental Factors or Matters
	6 Offsets
	7 Matters of National Environmental SIgnificance
	8 Conclusion
	9 References
	10 Appendices
	Appendix A: Assessment of listed fauna species likelihood of occurrence.
	Appendix B: Swan River Survey Plan
	Appendix C: Parnum et al (2015). Underwater Noise Measurements of Pile Driving near the Fremantle Traffic Bridge, Fremantle Western Australia.
	Appendix D: Fremantle Traffic Bridge Historical Record
	Appendix E: Stakeholder Engagement Timeline


	SRC ESD Figure 1

	Appendix B Environmental in-river surveys
	Swan River Crossings Environmental in-river Surveys Report July 2020  V4.0
	1. Introduction
	1.1 Project Description
	1.2 Project Background
	1.3 Justification
	1.4 Project Location

	2. Survey Requirements
	2.1 Survey Background

	3. Contamination
	3.1 Overview
	3.2 Survey Approach

	4. Water Quality
	4.1 Overview
	4.2 Objectives
	4.3 Sampling Methodology

	5. Benthic Habitat
	5.1 Overview
	5.2 Objectives
	5.3 Survey Methodology
	5.3.1 Benthic Macroinvertebrates
	5.3.2 Ground-truthing of habitats and epibiota

	6. Sediment Assessment
	6.1 Overview
	6.2 Survey Approach
	6.3 Survey Methodology

	7. References
	8. Appendix 1

	272422-GE-MEM-0011-Arup
	200611 SK1758-03A Survey & Sampling Plan for DBCA Approval

	Appendix C Underwater Noise Monitoring
	Appendix D Historical Record
	Appendix E Stakeholder Engagement Timeline



